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i.0 INTRODUCTION

Apollo 13 was launched from Cape Kennedy, Florida, on April ii, 1970.

Approximately 56 hours into the mission, it was aborted due to a massive

failure of the cryo 02 system of the SM. An investigation team was es-
tablished to determine the cause of this failure and define an appropri-

ate course of action to be followed by the Manned Spacecraft Center to

allow a timely continuation of manned exploration of the moon and space.

The Apollo 13 investigation team was made up of several panels. This

report is the result of a part of the investigation conducted by Panel 6
and is limited to consideration of Command and Service Module hardware

only. Other reports are being prepared for that part of the Panel 6 in-

vestigation which pertains to LMhardware, GFE hardware and GSE hardware.

This report contains the results of an evaluation of systems other than

the cryo 02 tank portion of the EPS which might possess the potential
for the same general class of failures.

The following general outline was used for this report:

1.0

2.0

3.0

Introduction

CSMPressure Vessel Summary

Subsystem Assessment

3.1 Environmental Control Subsystem
#

3.2 Electrical Power Subsystem

3.3 CM Reaction Control Subsystem

3.4 SM Reaction Control Subsystem

3.5 Service Propulsion Subsystem

3.6 Mechanical Subsystem

4.0 Assessment of Damage Potential

5.0 Conclusions

6.0 Recommendations

I
I

i



2.0 CSM PRESSURE VESSEL SUM_,iQ_Y

Table 2.0 - APOLLO CO_@4AND A_5) SERVICE MOD_I,E II_E,__,_CSURE_VEo_ELo,_c'_ ident.i-

lies the pressure vessels of the CSM used for storage of consu_able

fluids. In addition, the SM fuel cell pressure shell is included in

this list even though it is not a storage vessel. The CM entry and pyro

batteries, while not included in this summary table, are considered as

pressure vessels and were given the same review that all of the listed

vessels were given. They are included as part of the EPS and are cover-

_, ed in Section 3.2.4.
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3.0 SU]_SYSTE_4ASS]_S_._NT

3.l ENVIRONMENTAL CONTROL SUBSYSTEM (ECS)

This section pertains to the 02 portion of the ECS and is restricted

to those components which interface with 20 psia or greater (normally

after a single failure). Those components which interface with less

than 20 psia 02 were and will be verified acceptable by the non-metallic

material task which is the responsibility of PD9/J. Craig.

A schematic is provided in Figure 3.l-l. For ease of reference,

the familiar ECS schm_atic number for each component is shown and this

number is then used in the text.

The ECS components are divided into 2 parts, mechanical components

(9 pressure vessels, and 22 line components), electrical components

(8 components). Briefly, the findings of tile CM, ECS, Apollo 13 related

study indicated the following areas requiring additional effort:

a) Potable and waste quantity gaging systems for effect of

electrical short.

b) Exposed non-metallics (after a single failure) which have

been accepted by similarity for acceptance by MSC.

c) 02 control panel and ECU lO0 and 900 psi aluminum lines for

adjacent electrical sources.

d) Cyclic accumulator control valve (I.36), 02 flow transducer

(9.2) and I00 psi system pressure transducer (9.8) for

completion of review -- Engineering drawings were not

available at time of this writing.

For summary and recommendations, see beginning of each section and for

details see the individual component.
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3.1.1 Mechanical Components

3.1.1.1 Pressure Vessels

Listed below in Table 3.l.l.l-I are the pressure vessels and a

summary of this study. The table shows that the only area of concern

are the two water tanks. The concern is the quantity gaging electronics

in the potable and waste tanks which are exposed to 25 psia oxygen in

flight and 35 psia on the ground along with the anomalies of the gaging

system experienced on CSM I03, I08, and I09. It is possible with a

short in the gaging system to cause ignition with probable loss

of the gaging system and possibly, but less probable, the loss of the

tank. Both these tanks are outside the cabin in the aft compartment

and loss of the tank would probably not damage any other equipment.

The power input to the 02 exposed electronics is lO amp, 28 VDC

supplied through two 5 amp circuit breakers. Loss of potable tank remuires

termination of mission. The mission may be continued for loss of waste

tank.

It is recommended that the water quantity gaging system be

tested for effect of electrical short and redesigned or deleted

depending on results of test and trade-off studies.

a

Table 3.l.l.l-l. ECS Pressure Vessel Summary

Item

Surge Tank (70.I)

Repress tanks (70.3)

Glycol Reservoir (2.29)

Potable Tank (5.10)

Waste Tank (5,15)

Cyclic Accumulator (1.29)

Non Metallics

Static
Or

Slidin_

OK

OK

OK

OK

OK

OK

Impact

m

I Exposed

After
Single
Failure

OK

OK

OK

OK

Electrical
After

In Single
Stream Failure

Yes

Yes

Failure*
Trends

- Yes

- Yes**

l_ote: (-) indicates not applicable
*Failure trends relative to pressure increases or excessive thermal environments
*,*Yes, by similarity with potable tank.

The detail information for the individual pressure vessels follows.

8



3.1.1.1.1

MECHANICAL COMPONENTS

Subsystem:

Component:

Quanity:

Part No.

Location:

Environmental Control

02 Surge Tank 70.1
1

V16-613034, Figure 3.1.1.1.1-2 &-3

Left Hand Equipment Bay. Figure 3.1.1.1.1-I

Description and Function

The Surge Tank stores approximately 3.7 Ibs of 02 at 900 psig for use
during entry, and for augmenting the SM supply when the operational demand
exceeds the flow capacity of the inlet restrictors, and is redundant with
the repress tanks for these functions.

Pressure Control Components

The surge tank incorporates the following components which are located
in line in the high pressure supply line:

I. Relief Provisions: Surge Tank relieves through the pressure relief
valve (item 4.27) which operates at 1045 + 25 psig. The pressure
relief flow is 3.4 Ibs/hr minimum at 1070 psig.

2. Surge tank shutoff valve (item 4.26) which provides a means for
shutting off the 02 flow.

3. A pressure transducer item (70.2) which puts out a signal propor-
tional to surge tank pressure for telemetry and for display to
the crew,

Internal Parts and Materials: See Table 3.1.1.1.1-I

Effect of Component Loss

Continue mission, all phases, isolate surge tank through surge tank S/O
valve (item 4.26). Place repress package valve to fill.

Burst Damaqe Effect: See Section 4

9



Structural Assembly

Dimension:
Size:
Manufacturer:

14.0" x 13.0"
.742 cu.ft.

Marquardt

Tank is made up of two forgings and each forging is machined. The
two machined halves are welded in the middle for a width of l.O"

forming the tank.

Failure Mode

Four (4) 02 Surge tanks S/NO s OOl, 002, 003 and 004 were subjected
to hydrostatic test by AssociatedEngineering Test Laboratories.
The demonstrated burst pressures on the Ist three (3) tanks were
2340, 2150 and 2280 psig respectively. No burst pressure was conducted
on tank S/N 004.

Photographs of the test speciment after burst (see fig. 3.1.1.1.1-4)
indicated that the rupture was located near the proximity of the
machined inlets/outlets and not by the weld.

Although no fragmentation can be detected from this test, since it is a
hydrostatic test, yet the tank will fragment at material/stress
combination at these burst pressures.

The design burst pressure is 1520 psig and the nominal operating
pressure is 900 psig. The safety factors are: 1.5 design and 2.1
to 2.29 actual.

io
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SURGE TANK 70.1
MATERIALS

METALLIC

PART NAME MATERIALITEM

1

2

a

3

Tank Assembly

Plug

Seal

Fittinq

Tubing

Wire (Safety)

Inconel 718

Same

304 cres AMS5639

Cres Per 0Q-S-763(300 Series)

304 L Cres.

MAOIOI-O05 (Inconel per QQ-W-390)

Maximum

oF

PSIA Temp.

1086.5 160

Use-

age

Cat.

D
B
B

NON-METALLIC

Cat.

D

Eval.

C

Nonmetallic

Material

Name

Lubeco 905
Epon 828/Vers 115
Lam. Shim Stock

"0" Ring Butyl

Table3.1.1.1.1-1 Surge Tank Materials

Wt. ¸

Lbs.

Surface

Area
2

In.

N
0.04
N

Applicat.

ci- --_

--J° _, 0
(_ -_

LC_

12
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3.1 .I.1.2 MECIIANICAL I COMPONENTS

Subsystem:

Component:

Quantity:

Part No.:

Location:

Environmental Control

02 Repress Tanks
3

ME282-0048 See Figure 3.l.l.l.2-1 & 2.

Below hatch. See Figure 3.1.I.I.2-3.

Description and Function:

Each repress tank (connected to common manifold) contains 1 Ib of 02 at
900 psig for use during entry and for augumenting the SM supply when the
operational demand exceeds the flow capacity of the inlet restrictors and is
redundant with the surge tank for these functions. In addition, it provides
Direct 02 for the emergency face masks.

Pressure Control Components:

I. Relief Provisions: The repress tanks relieve through the pressure
relief valve (item 72.3) which can be isolated by a manual valve
(item 72.1). The relief valve operates at I045 + 25 psig with a
pressure relief flow of 3.4 Ibs/hr minimum at I070 psig.

2. A check valve is located downstream for isolation and a valve for
manual isolation and fill around the check valve.

3. A direct reading pressure gage (item 72.4) is available to the crew.

Internal Parts and Materials: See Table 3.1.1.1.2-1.

Effect of Component Loss:

_,,_,,,_P^"+4..... ,,,,_o4_'i_"V,,all _h_ t_l_¢_ r_pr_gg tanks with fill/isolation
valve (item 4.34).

Burst Damage Effect" See Section4



Structural Assembly

Dimension: 12.5" x 7.0"
Size: .22 cu. ft.
Manufacturer: Airite

Tank is made up of two forgings and each forging is machined. The two
machined halves are welded in the middle for a width of 1.0" forming
the tank.

Failure Mode

Two (2) Repress tanks S/NO s 0009 and 0010 were subjected to hydrostatic
test by Durkee Environmental Laboratories, Inc.

The demonstrated burst pressures were 3437 and 3406 psig respectively.
Photographs of the test specimen after burst are shown in Figure 3.1.1.1-4.

Although no fragmentation can be detected from this test, since it is a
hydrostatic test, yet the tank will fragment at material/stress combination
at these burst pressures and will leak with no fragmentation at the limit
pressure.

The design burst pressure is 1800 psig, the nominal operating pressure is
900 psig and the limit is 1210 psig. The safety factors are: 1.5 design
and 2.8 actual.

i?
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REPRESS BOTTLES 70.3
MATERIALS

METALLIC

ITEM PART NAME

Bottles (3)

Seal

Retainer

Fittings

Fittings

Lub. Thd. Fittings

Tubing & Fittings

MATERIAL

Inconel 718

MS28773-04

304 Cres. - AMS 5639

304 Cres. - AMS 5639

MBOI40-O05

304 L Cres.

NON-METALLIC

"0" Ring - Material - Butyl Per MB0130-028

Table 3.1.1.1.2-I Repress Bottles Materials
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BURST TEST

r-" "

S/N 9

Burst

Level

3437 psig

- ......

!

sIN Io
3406 psig

Figure 3.1.1.1.2-4 REPRESS BOTTLES BURST TEST

...................... 22



MECIIANICAL COMPONENTS

3.1 .I .I .3

Subsystem:

Component:

Quantity :

Part No. :

Location:

Environmental Control

Water Glycol Reservoir

1

ME 282-0049, See Figure 3.1.1.1.3-I

Left Hand EquipmentBay

Description and Function:

The Glycol reservoir contains annroximately R.2 Ibs og water alvcol at 7n°F,

it contains reserve sunply of W/G and substitutes for failed accumulator, n 2 is
used tO nressurize the bladder for W/G expulsion at zero _.

Pressure Control Components:

I. Relief Provisions: The (2) water and qlvcol tanks nressure reoulater _
(item 5.24) nrovides relief to the reservoir. The full relief #low i_
9 Ibs/hr @ 27 Dsig.

,2. Two isolation valves inlet and outlet items 2.28 are incornoratea in
the system to isolate W/G. There is no isolation nrovision gor th_

02 side.

3. 02 Pressure x-ducer (item 74.0) to measure the outlet nressure of the
water and glycol tanks requlator.

Internal Parts and Materials: See Table 3.1.1.1.3-I.

Effect of Component Loss:

External Leakage 02 and/or Water Glycol

Mission termination due to loss of all tank pressurization canabilitv an_
free fluid hazard which has toxic effect on crew.

LM environment (if available) may be used for earth return.
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Structural Assembll

Dimension:

Size:

Manufacturer:

12.07" x 4.72" x 5.82"

210 cu. in.

AiResearch

_he tank is made up of two (2) shells having a thickness of .08 to .i0

with an expulsion bladder in the middle. The two halves are bolted

' together.

_ailure Mode

One tank S/N0 46-102 was subjected to hydrostatic test by AiResearch

Manufacturing Division. The demonstrated burst pressure was 420 psig. The

results of the CTR Data indicated that one bolt at end of tank broke and

caused the tank halves to separate. The separation caused the bladder to

blow out. In addition, all bolts and tank flange were bent.

Two more tests on another speciment were conducted, the tests were for

package level dynamic test and mission life test.

However, aside from a premature tank failure the s_i,stem exhibited failure mode

for overpressurization is not the water glycol reservoir. With the reservoir

isolated overpressurization causes either of the water tanks to fail (= ii0 psig)

prior to the reservoir (420 psig). With the reservoir not isolated it is also

possible that the'glycol accumulator may fail. (250 psig from failure on CSM

104 due to procedural error)

The design burst pressures is 150 psig and the nominal operating pressure is

18-27 psig. The safety factors are 2.5 design and 7.0 actual.
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Water Glycol Reservoir Material

Metallic

Item Part Name Material

2

3

4

5

6

7

8

W/G Reservoir Assy

Tank Halves H.T. to T.6 per MIL-H-60_
& Anodize per MIL-A.-_625,

Bracket

Doubler

Button

Shell

Flange

Baffle

Fitting

Type 1

AL.Aly 6061-T6,QQA-327

AL.Aly 6061-O,QQ-A-327

AL.Aly 6061-T6,QQ-A-327

AL.Aly 6061-O,QQ-A-327

AL.Aly 6061-T6,QQ-A-367

AL.Aly 6061-O,QQ-A-367

AL.Aly 6061-T6,QQ-A-325
AL.Aly 6061-T6,QQ-A-327

Non Metallic

Maximum

°F

PSIA TEMP.

43.5 89

Use-

age

Cat.

Cat.

D

Eval.

Nonmetallic

Material

Name

EC 583
Scotchcal 3650
Dry Film Lube
Polyisopreme Rubber

L-9
Polyi sopreme Rubber

Wt,

Lbs.

Surface

Area
2

In.

.001 .06
Neg. .03
Neg. 13
.3 II0

.003 .06

.3 II0

Applicat.

• _ C')

Table-3.1.1.1.3-1 Water Glycol Reservoir Material
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3.1.1.1.4

Mechanical Components

Subsystem:

Component:

Quantity:
Part No.:

Location:

Environmental Control

Potable and waste water tank (5.10 & 5.15)

One (i) each

ME192-O036-Potable; ME192-0008-Waste Figure 3.1.1.1.4-2

Aft Compartment. See Figure 3.1.1.1.4-1

Description and Function:

The potable and waste water tanks are cylindrical in shape with pressurized bladder.

The potable contains 39 ibs of H20 and is used primarily for metabolic purposes.

The waste contains 59 pounds of water and is used primarily for storage of

water for cooling. The bladders are pressurized with 25 psig 02 thru a common

manifold which pressurizes the potable, the was_ and the glycol reservoir. The
common manifold has no provisions to isolate a tank.

Pressure Control Components:

. Relief Provisions: The (2) water and glycol tanks pressure regulators

(item 5.24) provides relief to the tanks. The full relief flow is 9 lbs/hr
@ 27 psig.

2. 02 Bleed orific down stream each tank filter provides overboard relief.

3. 02 pressure X-ducer (item 74.0) to measure the outlet pressure of the

water and glycol tanks regulator.

Internal Parts and Material: See Figures 3.1.1.1.4-2 & 3.1.1.1.4-3

Note: A rotary potentiometer quantity transducer is located on each tank on

the 02 side of the bladder.

The water quantity is measured by the amount the bladder is
displaced from the center. This is done as shown in Figure 3.1.1.1.4-3.
Callout 23 in this figure contains the signal conditioner and the

variable resistor. The signal conditioner is supplied 28 VDC(Fig. 3.1.1 I _-S)
through two 5 amp circuit breakers. Both circuit breakers are

closed for all phases of countdown and flight. Normal power con-

sumption is 40 ma for each transducer. There is no fusing for the

Apollo vehicles, however, the Skylab CM is incorporating a I/4 amp
fuse. The transducer is open to the 02 pressure through a 0.095

inch diameter hole less the teflon coated wire running through it
of 0.021 inch diameter. This leaves an area of 0.0067 sq. in.

Three ignition tests were performed, 11/6/67 due to the ex-

posure of the electronics to the 02 pressure. The test was per-
formed at 20 psia 02 and the isnition source was tissue paper
wrapped around nichrome wire. See Figure 3.1.1.1.4-4. The three
tests were similar except the ignition location _ras varied. See below.
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LOCATION OF

IGN SOURCE

MATERIAL

AND USE RESULTS

Contract with RTV 90 RTV 90 sealant for wire

lead thru

•Surface burn

EPON 828 Encapsultation

for signal cond.

25% of surface b_1'n

Glass-filled Epoxy

Helipot

No damage

Contact with

Helipot at wire
lead thru

RTV

E_ 828

No damage

No damage

Sleeve at feed thru Consumed

Teflon insul, wire Partially burned i_,

immediate vicinity

Contact with EPON 828

EBON 828
50% surface burn

No other apparent

damage

The results of the above tests indicate that the fire is self extinguishin_

and would not terminate the mission nor compromise crew safety. However_

the test was performed at a pressure of 20 psia_ whereas the actual con-

figuration pressure would be 35 to 37 psia during the countdown and 25

psia during flight. In addition, a nichrome wire wrapped with tissue

papper was the ignition source whereas the actual situation a short in

wiring would be the ignition source. If detailed analysis of the quantity

gaging system ignition test and the theoretical failure analysis indicates

a marginal factor of safety_ then consideration should be given to repeating

the ignition test to a better fidelity.

Effect of Component loss:

Potable

Mission termination due to drinking water, food preparation and fire

extinguishing capabilities are lost. However IM water (if available)

may be used +_ _,_1_m_+ rSM

Waste

Continue mission. IM system (if available) may be used to supplement

CSM. Although no water will be abailable for cooling, some power down

may be required for Lunar Orbit. Thermal studies indicated that reentry

can be accomplished without cooling.
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Burst Damage Effect:

There would be no outside damage if the tank were to burst pre-

maturely at limit pressure. For pressure increase above limit

pressure the failure mode is defomnation of the end plate allowing

02 and water to escape. See Failure MOde Section following.

Structural Assembly

Dimension:

Size:

Manufacture:

Potable - 12.25 x 9.9

Waste - 12.25 x 16.0

Potable - 0]640 ft 3

Waste - 0.962 ft 3

AiResearch

Tank is made up of seven major parts

io

2.

3.

4.

5.

Cylindrical portion

Two end caps welded to (i)

Bladder assembly

Two end plates which holds and seals the bladder.

Quantity gaging system

Failure Mode

The CTR burst tests and over pressurization accident on S/C 020 indicated the

failure mode to be stripping of the center bolt on the end plates. See Figure

3.1.1.1.4-2. This allows both the 0^ and the water to escape. Thus a failu÷_

this type would also cause the loss _f 02 pressure from the other two tanks _h

are tied to the common 02 manifold.

CTR Burst Test Data*
H^O Side 02 Side

ZPsi$ Psi$

Limit Pressure 48 27

Design Burst i00 i00

Actual Burst 130 ii0

Safety Factor

Design 2.1 3.7

Demonstrated 2.7 4.0

*Above data based on test with waste tank. No burst test was performed on

potable tank. It was approved by similarity.
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TABLE 3.1.1.I.4-I POTABLE & WASTEWATERTANKS
METALLIC MATERIALS

--ITEM

9
I0
II
12
13
14
15
16
17
18
19
20
20(a
21
22
23
24

25

SUB ASSY

(SEE NON-METALLIC TABLE'
(SEE NON-METALLIC TABLE

26
27
27(ai

SUB ASSYS

(SEE NON-METALLIC TABLE
(SEE NON-METALLIC TABLE

(SEE NON-METALLIC TABLE
I(SEE NON-METALLIC TABLE:

27(b_

28
29
30
31

32
33

SLE NoN-METALLIC TABLESEE NON-METALLIC TABLE
(SEE NON-METALLIC TABLE

PART NAME

TANK ASSY
CLAMP
FRAMEASSY

TUBE
• BLOCK
ROD.
TUBE ASSY

COVER

CAP
END
BOSS
GUSSET
DOUBLER
SHELL
RING
DRAIN TUBE
PIN
INSERTS

GUARD
COVERASSY
o INSERT
FITTING ASSY
FITTING
RESTRICTOR
TUBE

FILTER
RETAINING RING
LABEL (OXYGEN)
LABEL (GSE)
LABEL (WATER)

SEAL
NUT
LABEL, IDENT
NUT

29

MATERIAL

CRES IYPE 304 MIL-T-C_OC
AL ALLOY: 606]-T6; QQ.-.A-]2J

wl_--i .......

AL ALLOY: 6061-T6, WI,!.-i-7_19
•AL ALLOY: 6061-16, QQ-A-327
AL ALLOY: 6061-T6, QQ-A.27(;
AL ALLOY: 6061-T6, WW-T-7CO

QQ-A-270

AL ALLOY: 6061-T6, QQ.-A-327

AL ALLOY: 6061-0, QQ-A-327
AL ALLOY: 6061-T6, QQ-A-327
AI. ALLOY: 6061-T6, QQ--A-325
AL ALLOY: 6061-T6, QQ-A-327
AL ALLOY: 6061-0, QQ-A-327
AL ALLOY: 6061-T6, QQ-A-327
AL ALLOY: 6061-T6, QQ-A-327
AL ALLOY: 6061-0, WW-T-789
AL ALLOY: 6061-T6, Per QQ-A-325
NAS 1394C-4

AL ALLOY: 6061-T6
AL ALLOY: 6061-T6, QQ-A-327
MS35914-145

(02 BLEED ORIFICE)
CRES 304, QQ-S-763
CR[S 347, QQ-S-763
CRES 304 PER MIL-T-8504

CRES 300 SERIES (15 _zMESH)
MS16629-4025

I/2 HARD AL.
CRES; 300 SERIES

AL ALLOY: QQ-A-225/4; 225/6;
QQ-A-367



TABLE3.1.1.I.4-I POTABLE& WASTEWATERTANKS
METALLICMATERIALS(Continued)

ITEM PARTNAME MATERIAL

33(CONTINUED) UNION

WASHER
WASHER
SCREW
SCREW
LOCKWIRE
SCREW
NUT
IDENTPLATE

DECAL

AL ALLOY:17-ST, QQ-A-351co_z_
24-ST, QQ-A-267C_',_-

CRESMIL-S-505916721
AL ALLOY:QQ-A-20515(T31T4_

CRES- AMS5735/7 or 5525

q

3O



TABLE3.1.1.1.4-2 POTABLE& WASTEWATERTANKS

NON-METALLICMATERIALS

l,I

F--

W

I_

23
32,
23

22
22

23
22

22

28
23
3O
26
Q--

28
23

10, 29
23
23

23
23
27

LEGEND
0

0

Use-

age

Cat.

F
F
F
F
B
B
F
F
D

B

F

F

D

F
F

F

F

F

F

F

F
D

Cat. Nohm eta l Iic

D Material

Eval. Name

I

i
i

i RTV 102
Loctite GRH

, Locquie Primer
XCQ-H 125/H9-3469
Dry Film Lube

! DC-510

i Microseal Bearing Lube
,! Polyi soprene Rubber
I C Pol_yisoprene Rubber
i

Silicone Rubber EMS323
S418-6

i .EPR Rubber
B EPR Rubber

; Zytel i01
i

' Teflon
Fiberglass Tape

i Turcon, FilledTFE
i El)on828 Deta

RTV 90/Therm 12
Scotch Cast XR5068
Textal i te

B EPR E lastamer

WL.

Lbs.

Neg..
Neg.
Neg.
Neg.

• Neg.
.001
Neg.
.45
.45

.003

Neg.

Surface

Area

In 2

.57

.04

.01

.03
2.0
2.2

.79
3,0O
30O

3.02
.33

Applicat.

E -

X

.001
.001
Neg,
.005
Ne9.
.021
.027
.007
.001
.002
Neg.

.46
1.76

.08
3.82

O4
34
845

37
69

15
07

X

X

Usage catagory for non-metallics
A - On component but not exposed to high pressure 02 (major used mat.)
B - On component but not exposed to high pressure 02 (minor used mat.)
C - <20 PSIA - Suit Loop
D - > 20 PSIA
E - Hermetically Sealed Box
F - Vented Box - to cabin

Cat. D Evaluation
A- NASATest
B - AiResearch Test
C - Accepted by similarity
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3.'I.I.1.5 MECIIANICAL COMPONENTS

Subsystem:

Component:

Quantity:

. Part No:

,Location:

Environmental Control

Cyclic Water Accumulators (1.29)

2

ME901-0737 Fig. 3.1.1.1.5-1

Left Hand Equipment Bay in the ECU. See Fig. 3.1.1.1.l-I

Description and Function

The cyclic water accumulators are part of the suit heat exchanger. They are
redundant system and piston-type pumps, which are actuated by a common manifold
with 02 pressure of lO0 psi£ on the discharge stroke, and by a return spring
for the suction stroke. The 02 flow is controlled by the two water accumulator
selector valves. Each valve contains a selector for auto, manual or off control.
The auto position allows the solenoid valve to actuate the cyclic accumulator.
The solenoid valve can be controlled automatically by signals from the timing
equipment which will cause one of the accumulators to complete a cycle every
lO minutes. The purpose of the accumulators is to remove excess water to control
humidity. During mission_one accumulator is operable.

Pressure Control Components:

I. Relief provision: Bleed orifice to the suit heat exchanger in each
accumulator.

o Two solenoid control valves with a manual over ride, Item 1.36, to

shut off 02 flow to the accumulators.

3. Water accumulator controller Item i.38 to control solenoid valves 1.36.

Internal Parts and Material

EPR Elastomer RS-142

Dacron D400 cloth

Effect of Component Loss:

These parts are _iaphragm parts and passed

AiResearch Static test.

All phases. Continue mission with one accumulator loss.

Two accumulators loss. Propable mission termination.

Burst Damage Effect:

Analysis indicates burst tank at limit pressure will not cause damage other
than loss of cyclic accumulation which can be isolated. The failure mo..le of
excessive press:'re is through the diaphragm.
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Structural Assembly

Dimension:

Size:

Manufacturer:

Length = 4.74 in, I.D. = 2.536 in, Thickness = 0.03 in

8 cu in

AiResearch

The cyclic accumulators are made of two (2) halves bolted together with

a piston/diaphragm to isolate the 02 from the water. The water inlet and out-

let check valves and the 02 bleed orifice are incorporated in the tank.

Failure Mode

Only one cyclic accumulator burst test was accomplished for the flight

configuration version. There were four previous tests using a block II con-

figuration except for the diaphragm material _h_ch was changed from Viton A to

EPR. The failure mode, assuming the 02 side is overpressurized, is rupture

of the diaphragm.

Below is the design and test pressures:

Limit (psig)

Burst (psig)

CTR Test (psig)

Safety Factor

Design

Demonstrated

H20 H20

NA* 140

I00 350

210/290"* 640

1.5" 2.5

3.1/4.3" 5.3

No limit design is indicated in specification to determine safety factor.
Burst divided by 150% is assumed (67 psig).

The CTR burst test for the H20 side was not accomplished since it was
approved by similarity.
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wm

I00 psi

Bleed 02 Water
to S_;it _1_at _"-ha_r iN

o2 ,--_--_,__=_ _,I

Diaphragm

Water
Out

Fig. 3.1.1.1.5-I CYCLIC ACCUMULATOR
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3.1.1.2 Line Components

Listed below in Table 3.1.I.2-I are the line components reviewed and

a summary of the findings. The primary area of concern" as shown by a "yes"

in the last column is related to the acceptance of non metallic materials

exposed to greater than 20 psi oxygen. NR has reviewed the non metallics on

these components and many were accepted by similarity. MSC has not yet con-

curred on the NR acceptance. The non metallics referred to here are those

non metallics not in the high pressure oxygen stream but are on the com-

ponent. It is recommended that these non metallics which NR has accepted

by similarity be reviewed by MSC. If any non metalic materials are unacceptable

by MSC, a detail review of those components that contain the non metallic be

accomplished to determine if a single failure can expose that particular

non metallic to the high pressure oxygen.

The concern on the aluminum lines is the possibility of an external

thermal source which could weaken the lines, specifically a shorted electrical

source. It is recommended that a visual inspection be made to ensure that

there are no electrical sources immediately adjacent to the aluminum lines.

The non metallics were reviewed for each component to determine if they

were acceptable for high pressure oxygen (plus impact if applicable) use.

Since all non metallics were acceptable or of insignificant amount, no single

failure analysis was accomplished for the mechanical components -- pending

the aforementioned review.

All impact application non metallic materials are presently acceptable.

Because of the uncertainty of the adequacy of the impact test, a re-review of

these materials may be required as indicated by any new test standard. The

material type and its application and acceptance is shown in Table 3.1.1.2-2.



Table 3.1.1.2-I ECS Line Components Summary

COMPONENT

• 900 PSI

_heck Valve (4.25)

Shutoff Valve (4.26)

Filter (4.31)

Surge Tank Relf. Vlv.
(4.27)

Repress Pkg. Vlv. (4.34)

Valve (72.1)

Repress Regulator (72.3)

Repress Press. Gage (72.4)

02 Main Reg. (72.5)

I00 PSI

Emergency Cabin (4.22)
Pressure Reg.

Cabin Pressure (3.28)
Regulator

Direct 02 Valve (4.17)

Oxygen Filter (4.35)

Demand Pressure (4.16)
Regulator

Tank Pressure Reg. (5.24)
and Relief Valve

25 PSI
Potable and Waste

.Filters

Al uminun Lines

STATIC
OR

SLIDING

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

NON - METALLICS

IEXPOSED

IMPACT IAFTER
_SINGI_]FAILURE

OK

OK

OK

OK

OK

OK

OK

OK

FAI LURE
TRENDS

OK

OK

OK

OK

OK

OK

q-

YES*

YES"

YFS*

YES

YES

YES

YES*

YES,_-

YES*

OK

OK

OK

OK

OK*

OK

OK

OK

YES_-

YES_

YFS_

'{ES_

YES*

y[#**

Note: (--) indicates not applicable.

* Non-metallics accepted by similarity
** Aluminum lines with pressure greater than I00 psig
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3.1.2 Electrical Components

Listed below in Table 3.1.2-1 are the electrical components reviewed

and a summary of the findings. Note that the review for items ].36, 9.2,

and 9.8 have not been completed, and the potable and waste tank quantity

gaging systems are covered in Section 3.1.1.1.4 Pressure Vessels, since they

are integral with the tanks. As can be seen by Table 3.1.2-1, the only area

of concern is the exposure of electronics to high pressure oxygen after a

single failure for items 70.2 and 74.0. Because of the design, however, the

transducers are accepted as is. The transducers are similar in design, see

Figure 3.1.2-1 and have a safety factor of greater than I0. Note, that the

threaded fiting and the sense diaphragm is machined from a single stock. In

addition, the signal conditioner is current limited by a 1/4 amp fuse, see

Figure 3.1.2-2. Also, the electronics that would be exposed after a single

failure is further current limited by the signal copditioner.

Table 3.1.2-2 lists each electrical component alcn,f with its f_iction, inter-

face properties and electrical characteristics. TaDle 3.1.2-3 lists the

non-metallic materials.

Table 3.1.2-1 ELECTRICAL COMPONENTS SUFLMARY

COMPONENT

02 Surge Tank
Pressure X-Ducer(70.2)

02 W/G & H20 Tank
Press. X-Ducer (74.0)

Cyclic Accum.

Control Vlv (1.36)

02 Flow X-Ducer

(9.2)

02 Main Reg.
Press X-Dncer (9.8)

Potable & Waste

Quantity Gaging

EXPOSED NON-METALLICS

STATIC

or

SLIDING

OK

OK

TBD

TBD

TBD

IMPACT

i TBD

l

i
J TBD

!
i

TBD

i

AFTER

SINGLE

FAILURE

OK

OK

TBD

TBD

TBD

SEE SECTION 3.1 I.i.4

i I

EXPOSED ELEC.

IN

STREAM

TBD

TBD

TBD

I
I

i

SINGL E

FAILURE

YES

YES

TBD

TBD

TBD

FAILUR

TREND

(--) None
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3.2 ELECTRICAL PO_ S_SYSTF_

The portion of electrical power subsystem included in th_s evaluation

consists of the cryo H2 storage tanks, the oxygen distribution provi-
sion, the fuel cells provision, entry and pyro batteries.

3.2.1 HYDROGEN T_

installation of the H2 storage tank in the SM is shown in Figure 3.2.1.1.

The hydrogen "tank contains the following:

Internal Com_0nents

a. Temperature sensor

b. Density sensor probe
c. Two heaters

d. Two fans

e. Filter

f. Support tube

External Components (mounted)

a. Signal conditioner (temperature

and density)

b. Electrical connector

e. Fill and vent disconnect

d. Vac-ion pump

Drawings of the above items are shown in Figure 3.2.1.2 through 3.2.1.6.

Table 3.2.1.1 is a list of materials contained in the H2 tank assembly.

The storage tank consists of two concentric spherical shells. The annular

space between them is evacuated and contains the thermal insulation ma-

terial, pressure vessel support, fluid lines and the electrical conduit.

The inner shell_ or pressure vessel is made from forged and machined hemi-

spheres. The pressure vessel support is built up on the pressure vessel

from subassemblies and transmits pressure vessel loads to the support

assembly.

Each storage tank contains a forced convection pressurization and de-

stratification unit. Each unit consists of the following:

a. A 2.0 inch diameter support tube approximately 3/4 the tank

in diameter in length.

b. Two heaters.

c. TWo fan motors.

d. Two thermostats. Eliminated for H2 on CSM 113 and subse-

quent CSMs.

The motors are three phase, four wire, 200 volts A.C. line to line, 400

cycles miniature induction type with a centrifugal flow impeller.

The heaters are a nicl_ome resistance type, each contained in a thin

stainless steel tube insulated with powered magnesium oxide. The heaters
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are designed for operation at 28 volts DC during flight or 65 volts DC

for GSE operation. The heaters are spiralled and brazed along the outer
surface of the tube.

The thermostats are a bimetal type unit developed for cryogenic service.

They are in series _Jith the heaters and mounted inside the heater tube

with a high cond_cting _,ounting bracket arranged so that the terminals

protrude through the tube wall.

Each storage tank contains a density sensor consisting of two concentric

tubes which serve as capacitor plates_ with LI_: operating media acting

as the dielectric between the two. The density of the fluid is directly

proportional to the dielectric constant and therefore probe capacitance.

A four-wire platinum resistance temperature sensing element is mounted

on the density sensor. It is a single point semsor encased in an Inconel

sheath which dissipates only 1.5 millivolts of power per square inch to

minimize self--heating errors.

Materials used in the H 2 tank assembly have been investigated and no

known incompatibility has been found with the metallic materials. How-

ever_ there are two alloys_ solder and brass_ which in themselves are

not known to be incompatible with H^_ but which contain lead and zin%

respectively_ which are known %o be individually incompatible with hy-

drogen. Testing is required to resolve this issue. The nonmetallic

materials in the hydrogen tank has been evaluated and no known incom-

patibility with hydrogen has been found unless heat is present such as

would be the case in the event of an electrical short. In this cas%

it is suspected that a potential reaction of tef!on_ aluminum and H2

exists. Testing is required to resolve this issue and has been initiated.

The potential for hydrogen embrittlement of the metals in the H 2 tank

has been reviewed. The metals used in H2 tanks are not embrittled by

hydrogen.

Evaluation of the detailed design of the H2 tank electrical element indicate

that the same type of design has been used in H2 tank as is used in the 02

tank which failed (these components are not subjected to AVT during accep-

tance). Therefore_ the H2 tank must be assumed to have the potential of

producing electrical short circuits. Short circuits in the hydrogen tank
will result in mission aborts if:

a. The shorts produce a reaction that subsequently ruptures

the pressure vessel or

b. The shorts cause a failure of both heaters and a single

fan thereby greatly reducing the flow rate available from

the tank.

It will be necessary to conduct special tests to determine whether the

above abort situations can result from electrical short circuits in the

hydrogen tank. Two test requests have been submitted to initiate the

required testing.
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FEED LINE_ _

ELECTRICAL ' _<';"

CONNECTOR

SIGNAL CONDITIONER /

/
VENT CONNECTOR FILL CONNECTOR

FIGURE 3.2.1.2. H2 STORAGE TANK

-_'- FAN & MOTOR
I ENCASED

p_o_m--_ _

7 HEATERS

_:_-TUBE

._nell FAN& Moron
o°ClJ_:ENCASED
_> INTERNALLY

FIGURE 3.2.1.3. H2 TANK PRESSURIZATION AND DESTRATIFICATION UNIT
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- BASE ASSEr.IBLY

"_-_ _ _-_'- IfISULATOR

THRUSTPIr__l_l__/_=__4_rj_ _-,_p,,
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FIGURE 3.2oi.5. H2 TANK TEMPERATURE CONTROL SWITCH

q

I
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FIGURE 3.2.1.6. H2 TANK DENSITY PROBE.
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3.2.2 FD_s% CEIff,S

The fuel cells contain three presm_e vessels: the gaseous nitrogen
(GN2) supply bottle, the fuel cell pressm_e shell which contains the

reactant element and individual cells_ and the glycol accum_ulation.

Figure 3.2.2.1 is a simplified schematic of the fuel cell and GN2 sup-
ply.

The GN 2 supply tank contains nitrogen at 1500 psi. It is used to sup-

ply nitrogen to the fuel cell pressure shell _here a 53 psi atmosphere

is maintained. _i_ is accomplished thro1_gh a regulator in the feed

line. The regulator controls the pressmre in the fuel cell pressure

shell by either providing more ni%rogen from the supply tank or by vent-

ing the fuel cell pressure shell as required.

The GN 2 tank is a spherical tank 6.1 inches in diameter made of 0.075

inch TitaniumAMS4910. _e tank is mounted on the fuel cell frame above

the fuel cell pressure shell. This tank has no internal or external

components. -_-.ech_acteristics of this tank are given in Table 2.0.

The fuel cell pressure shell is a cylindrical vessel with dished and

flanged ends. It is 14.6 inches in diameter and 21_ inches long. It

is made of AI-IO Titani_mv_th walls of 0.022 inches and ends of 0.015

inches. This pressure shell is designed to a burst pressure of 265 psi.

An N2 regulator failure would dump the entire GI_ tank and result in a
pressure of 160 psi which is not high enough to burst the fuel cell

pressure shell. This pressure shell is covered with gold mylar insula-

tion and has no external components. It contains the 31 electricity-

producing reactant cells and a hydrogen by-pass valve and regenerator.

Figure 3.2.2.2 is a drawing of the fuel cell module sho_ing the pressure
shell.

The fuel cell glycol accumulator is a cylindrical tank with a nominal

operating pressure of 53 psia. It contains a butyl rubber bladder to

separate the water glycol mixture from the nitrogen which is used as

a reference pressure. Figure 3.2.2.3 is a drawing of the glycol accum-

ulator. There are no electrical components in or on the glycol accumu-
lator tank.

All of these pressure _essels are acceptable for their present applica-

tions as they have an adequate factor of safety and there are no signifi-

cant sources of pressure increase except to the fuel cell shell. A

failed open 02 regulator (discusse_ in 3.2.3.2.4) will result in an

overpressure condition which causes the gasket in the shell joint to

fail resulting in loss of the fuel cell due to leakage. This is con-

sidered acceptable as discussed in 3.2.3.2.4.

3.2.3 _S__02 LI_ CO_$'01_U_S

Evaluations of the EPS 02 line components considered the following items:
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FIGURE 3.2.2.1. FUEL CELL SCHENATIC.

82



. J

z.)

i ;

_ J

I

I,

I,

Ol

_, j

C < ,

I-

0 ]



0

I-_ _ .__I .-J _

cn

LLI _" LLJ I"-"
I.J.. =:) _
l.I.J _d') _ Z:

iI
.-J I--
o_
c._)o

._J

I-->_

0
t--

,_...I

o

_..I

._.1

._1
L_

_..I

,-4

,4

o

8_



Q

ao 02 System Valve Module (ME 284-0290-001) which contains 2

relief valves, i check valve, 2 pressure transducers and 2

pressure switches.

b. Inline Filter (ME 286-0036-0002).

c. Fuel Cell Valve Module (ME 284-0259-001) which contains 3

solenoid valves and 2 check valves.

d. 02 Flow Sensor (ME 449-0015).

e. Fuel Cell Reactant Pressure Transfucer.

f. 02 Reactant Pressure Regulator.

g. 02 Purge Valve.

_e fluid schematic for these components is sho_au in Figure 3.2.3.1.

'l_,einvidivual components are described in the following sections.

3.2.3.1 Materials

_e materials used for the EPSO 2 line components sa_e listed by component

in _[hble 3.2.3.1. The following components were found to have nonmetallic

materials in the indicated application in contact with the 02:

a. Fuel Cell Valve Module - Solenoid Valves - Teflon and KEL-F

are used in direct contact with the high pressure 02 . Teflon
is used as wire ins_lation, heat shrink tubing, and tape to
form insulation for the armature coil. KEL-F is used as a

ball and adapter for actuation of a micro switch. (Micro-

switch is a purchased part and its composition was not avail-

able.) The check valves in this module do not use any non-

metallic parts.

b. 02 Purge Valve - "Vitron" is used as "0" rings and red sili-
cone rubber is used as a seat.

Co 02 Reactant Pressure Regulator - Fluoro carbon and silicone

rubber are used as "0" rings and fluoro carbon rubber is

used as a poppet.

o Impact applications of nonmetallics were found as follo_-s:

Fuel Cell Valve Module - Impact of KEL-F ball on _H_L-F

adapter and impact of stainless steel armature _i_nger on

KI_,-F ball. Both of these occur in high pressure 02 .

b. 02Reactant Press_+e Regulator - Impact of fluoro carbon
rubber poppet on otainless steel seat on both the inlet and

vent ports. Both of these occur in high pressure 02.
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TABLE 3.2.3.1 - EPS 02 LINE. COHP0_,_ENTS MATAT{IALS LIST

02 SYSTEM VALVE MODULE (rmm_m)
(_ 284-o29o-ool)

PART NAME VENDOR PART I,[IHB_{ MATERIAL

02 Sys Valve Mod 5630061M5

02 Sys Valve & Module Assy 5631030

Mounting Lug, Relief Valve 5661031 2024-T351

Mounting Lug S.O.V. 5661020 2024-T351

Mounting Lug P.T. 5661019 2024-T351

Mounting Lug P.S. 5661021 2024-T351

Strap 563] 571-i 304L- CRES

Spring, Tubular 5631510 A286-CRES

Spring, Tubular 5631511 A286-CRES

Tension Device 5631795 17-4-PH

Pin 5631812 302-CRES

Spring Supt Ring 5631790 17-4-PH

Spring, Inner 5632167 RS-120-Ti

Spring, Outer 5631791 RS-120-Ti

Saddle, Lower 5631559-1 321-CRES

Saddle, Upper 5631559-2 321-CRES

Nut, Lock FN1216-I032 Vendor Item

Insulator 5641116 Mylar-Type A

Saddle Screw 56315.74-1 17-4-PH

Locking, Device 5631576 303-CRES

Expander, Saddle 5631575 17-4-PH

Shimj Manifold 5631805-1 thru 4 301/302-CRES

Name Plate 566]_034 2024-T3

Saddle, Upper 5631550-1 2024-T35!

Rivet AN442A2-4 321-CRES

Clamp MS21919H5

Lock Wire MS20995C32

Tape

Saddle, Lower 5631559-2
Wire

Potting

Primer

Spring, Positioner

02 Relief Valve Assy

Spring, Poppet

Shim Poppet Seat

Spring

Washer

SS-4101

5661205

5661032-1

5631319

5631338-1 thru 3

5631381

5631342

471 Teflon

321-CRES

16GAMIL-W-16878 Nickel

Plated Conductor Teflon

Coated Skylastic, Dov

Corning

K_V-601
G.E. SS-4101

M_lar Type A

301-CRES

301/302-CRES

302-CEES

Mylar Type A
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TABLE 3.2.3.1 (Continued)

Washer

Screw

NAS620C6

_S35275-28

Support Main

Support, Diaphram

Compensator

Compe nsat or

Support
Shim

Stop
Guide

Spring

Support
Shim

Cap

Spring

Ring
Shim

Support

Spring
Shim

Support

Support

Support
Ins ulat or

Lock Wire

Guide

Spacer

Spacer

Ring, Retainer
Screw

Washer

Guide

Spacer

Sere_

Shim

Spring

Spring

Seat & Poppet Assy
Tube ^.... _ ......

_v U_U___ b

Tube
Sleeve

Nut

Tube, Inlet
Seat

Body & Check Valve Assy
Tube

Tube, Inlet

5631343

5631322

5631345

5631346

5661036

5661064

5661038

5661039

5631352

5661040

5661062-1 thru 7

5661009

5631356

_-2625

5661041-1 thru 6

5661063

5631359

5631361

5631362

5631363

5631364

5631365

MS20995C32
5631376

5631726

5631727

5661077

MS35275-13

MS15795-303
5632169

5631806

MS35275-33

5631279-1 thru 3

5631286

5631295

5661033-1

5661013

5661013-1

MS20819-4C
.A._18-4c

5661035

5661333

5661027

5661027-i

5661082-2

88

17-4-PH

3o2/3o4-_a_s
2024-W4

INVAR

17-4-PH

300-CRES
2024-T351 .
17-4-PH

17-4-PH

17-4-PH

3oi/3o2-Ms
2024-T351

L7-4-PH

Vendor Part

301/302-CRES
17-4-PH
17-4-PH Dry Film L_J_s

301/302-CRES
17-4-PH

17-4-PH

17-4-PH

17-4-PH

17-4-PH

17-4-PH

17-4-PH

2o24-_4/_351

Kylar Type A
2024T

301/302-CRES

17-7-PH Dry Film Lube

17-7-PH Dry Film Lube

304L-CRES

304L-CRES
A286-CRES

304L-CRES

304L-CRES



TABLE 3.2.3.1 (Continued)

°_

Seat

Poppet

Spring

Body Manifold Ass_!

Tube

Sleeve

Nut

_nifold z Inlet Assy
Manifold

Insert

Nut

Sleeve

Plug

Guide

*Pressure _{±tch Assy

Body

Tube, Inlet

Diaphragm

*Pressure Transducer Assy

Body

Tube, Inlet

5661058

5661463

563_18

5661079

5661079-1

_{S20819-40
A1¢818-4c

5631328
856_132 -i

MS21209F!-I5
"m_818-4c
AA_I9-4C

5641444

5661261

5641715

5630034-3

A2_86- C1{Eo

A286-C_ES

302-CRES

304L-CRES

321-CRES

321-CRES

301-CRES

Vendor

304L-CRES
304L-CPJ_S

17-7-PH

Vend or

NISPAN "C"

304L-CRES

ONLY C014POI_NTS LISTED ARE THOSE IN CONTACT WI_I SYSTEM FLUIDS

02 .Relief Valve Assy 5661032-2
Seat Assy 5661033 -2"xe

Tube 5661013-i 304L- CRES

Nut

Tube, Inlet 5661035 304L-CRES

** ALL I_k]_AI}[ING PARTS SA_ AS 5661032-1 ASSY

Body Ass_ 5661045

Body 5661045-1

Body 5661010 347-CRES

Bell_4s Assy 5661045-2

Bello_ $_sy 5661047

Bellows 5641310 321-CRES

Seat, Poppet Link 5641311 347-CRES
Shim 5631341 301/302-CRES

B_ly Ass_ 5661029

Body 5661028 321-CRES

Tube, Outlet 5661029 -I 304L-CRES

Tube, Inlet 5661082-1 304L-CRES

Nut AA_IS-4C

Sleeve A]_I9 -4C

Plug 5641414 32 i- CRES
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TABLE 3.2.3.1 (Continued)

(ME 286-0036-000 2)

_j

I

• Body
Filter Disc.

% ru_ cz_ v_v_. MODUL_,(Pimp)
(_ 284-o289-OOl)

Fuel Cell Module Assy Instl

Fuel Cell Module /_ssy
Shim

Shim

Sp_cel _

Nut

Grommet

Shim

Spring

Poppet

Adhesive Tape

Pottir_

Solder

Wire

Wire

5630046M2

5661048

5631224

5631330

5631329

5661052

5631235

5641430

5631211

5641463
471

123 & 931

5631269-9

5631269-10

5631269-11

5631269-12

5631269-13

5631269-14

5631269-15

5631269-16

5631269-17

5631269-18

5631269-19

5631269-20

5631269-23

5631269-24

5631269-25

Body Assy
We]_d_m_ent

Body

Clip L. H.

Clip R. H.
Sleeve

Forging

Solenoid Assy
Sleeve

Shell

5661060

5661060-i

5661060-2

5661060-4

5661060-5

5661060-6

5631799

5661053

5661065

5641394

304L-C_ES

304L-CRES

302-CRES

3oz/3o2-cRss
300 Series CRES

321-CRES
Teflon

3om/3o2-_Es
301-CRES
A286-CRES

3M Co.

EPIBOND 99384

Sn 30

MIL-W-16878/4 Nickel
Plat_

MIL-W-16878/4 Nic.t:e!
Plate

321-CRES

321-CRES

321-CRES

303-CRES

321-CRES

2024-T351

Armco Ingot Magneti:'
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TABLE 3.2.3.1 (Continued)

Spacer

Connector

Clip

Spring

Tubing HT Shrinkable

Tubing HT Shrinkable

Solder

Coil Assy

Bobbin Assy

Bobbin

Teflon

Washer

Solder

Magnet Wire

_gnet Wire

Tape

Tape

Tubing, HT Shrink

Armatt_re & Switch Assy

Ball

Shell

Adapter .
ShTitch

Shim

Screw

Screw

Washer

Washer

Lock Wire

Solder

Lead Wire

Tubing HT Shrink

Pin, Terminal

Solder

Gasket

Armature Assy

Armature, Close

Armature, Open

Spacer

Spring

Spring
Rivet

Tube Assy
Seat

Seat

_Tube
Tube

Sleeve

Nut

5631492

5631558

5661073

5631237
FEP 18

FEP 20

566].072

5661066

5661072-i

5631434

30 AWG

26 AWG

P-4_
FEP 2000 Typs A
FEP 22

5661059

5631440

5641398

5631438

6sM7
5661080

AN500 fdD2-6

ANSO0 _192-7

m_96oc2-i
m_96oc2
M520995C-20
Easy Flow 45

26 Iwa _e E
FEP 20

R01-040-0565

5631439

5661074

56414oo

564].401

5631230

5631218

5631229

_s2o6152cu5

5661049

5661049-1

5661051

5661049-2

5661050

MS208_9-4C

A_18-4C

2024-T351

321-CR]_S

301-CP_S

301-CRES

Teflon

Teflon

Sn 30

316-CRES

FEP Teflon

Sintered Teflon

S_iver

Copper

Copper

Teflon

Teflon

Teflon

Fd_L-F

Armco Ingot _gnetic

KEL-F

Vendor

301-CRES

Silver

Copper
Teflon

NiEON

Sn 30

Teflon

416-CRES

4!6-_s
A286-CRES

302-CRES

Berylco25

AS86-C_ES

304L-C_,S
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TABLE 3.2.3.1 (Continued)

i •

Cap ASS_
Cap
rlh_be

Sleeve

Nut

Diaphr_m
Washer

Seat Assx

Poppet
Seat

Case Assy

Nut, Hex

Case

Plate

Bracket

Base

End Cap & Tube Assy

Tube

End Cap
Diffuser Assy

Filter

Ring
Diffuser

Shunt Tube Assy

Tube

Convection Shield Assy

Convection Shield

Bell and

Wire

Wire

Elbow', Lead
Lead Tube

566; 081

5661075

5661050

MS20819-4C
A_818-4C

5641427

5641428

5661076

5641426

5661037

02 s soR ( osB om )
(_ 449-oo15)

124-8o

S-5786

S-2192

s-5412
S-2413
S-2414

124-151
124-153
124-115
124-6o
124-72

x-56o9
124-74

124-68
124-71

S-4835

124-73

124 -49
124-418

x-5o9
x5815
124-434

124-66 & 53

S-628

S-94
s-828

124-191

124-55

S-334
s-6o

s-48o4

_4-15o
124-109

_86-CRES
304L-CRES

3Ol/3O2-C_ZS
301-CRES

A286-CmES
AS86-CRES

Steel

Loctite

Mylar

Hysol

Hysol

3o4-m_s
3oo3-_14
304-CRES

304-CRES

CRES Screen

304-CRES

304-CRES

304-CRES

304-CRES

Silver solder 41

304-CRES

304-CRES

Silvalay 355
Cement PBX

Ceramic
446-CRES

303/304-CP2S
.0004 Platinum

.002 PT

446-CRES

304-CRES

304-CRES

92



7
TABLE3.2.3.1 (Continued)

Heat Link Assy
Outlet
Inlet

Lead Assy
Wire

Wire
Insert

Tube Assy
Ring
Bushing, Elbow
Tube (By-Pass)

Rei_ulator Assz
Screw

Spring
Screw

Seat

Lock

Washer

Spring
Tube

Bellow_

Bello_ Flange

Packing

Packing

Melding
Rod

Pin

Spring
Rod

Seat

Spring

Packing

Packing
Washer

Nut

Stud

Pin

Seat

Filter

Collar

Housing
Seat

Adapter

Housing

Bellows Flange

124-384

124-45
124-zzo
124-111

x-59
x-2484
x-262

X-1273

510-167
9OO82-9 & -19

124-152

124-56

02 REACTANT PRESSURE REGU-_T(..,_._ (?&W)

607117
600024

600030

600043
6OOO26

6o0o47

600052
600029
6ooo64

6oo95o
60o951
60159l
6o16o4
603738

603736

6o2892
603243

603730

6o456o
6O4188

604566

604567

6o52o5
605274

605330

605331

6o5625
605675
6o5674

606136

606155

606413

607269

607272

3olj32].-c_s
304-CRES

24K Gold

Ceramic

.0125 PT
Ceramic

304-CEES

304-CRES

304-CRES

304-CRES

303-CRES

302-CRES

303-CRES

347-CRES

321-CRES

302-CRES

302-CRES

321-CRES

321-CEES

321-CRES
Fluoro Carbon Rubber
Silicone Rubber

Fluoro Carbon Rubber

303-CTtES

3o2-c_zs
17-7-PH

303-CRES

17-4-PH

302-CRES

Fluoro Carbon Rubber

Fluoro Carbon Rubber

321-CRES
A-286-cP_s

AMS 5735

5625
AMS 5445
Stainless Steel

321-CRES
6061-T4

17-7-PII
C120AV T:

606l-T4
AMS 5747

93



TABLE 3.2.3. i (Continued)

FU_ Cm,L REAC'2m_TPRESSURE TranSDUCER (P&W)
(Complete materials llst not available)

Case

Diaphragm

],/ire

Curing Agent

o2 PmaE VmVE (P_W)

The purge valve contains the following types of materials:

302, 303, 304, 304L, 321, 347, 430 and 440 CITES Steels

2024-T4 Aluminum Alloy

Red Silicone Rubber (Seat)

Viton (0-rings)

Teflon Coated Wire (MIL-W-16878/48)

Solenoid Coil Contains the following:

Tape-Permacil P-211

Varnish GE 220

Fiberglas Yarn - Huse Liberty EPC 45_ _

Sleeving - Bently Harris _20 extra flex

Wire SML #35 Anaconda

O-Ring MIC-R-25897

Diode Potting Compound Dicast 2762

Steel

347-CRES

Teflon Coated X30-7[[

Slygard 182
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c. 02 Purge Valve - Impact of stainless steel ball on red sili-

cone rubber seat occurs in the 02 domustre_n of the fuel

cells(6Opsi).
6

No sliding application occurs in these components. All other usages of

nonmeta!lics in contact with the 02 are ztatic.

Table 3.2.3.2 provides & sum_ry of the nonmetallic materials used in the

02 line components and the rationale for acceptance of these applications.

MSEC L0X impact data have been considered and MSC is in process of de-

veloping the capability to perform impact testify. _en },_C data become

available, it will be usedto support these conclusions. If discrepancies

exist, the issue will be reopened at the time the data become available.

All of the nonmetallic materials applications listed above are considered

conditionally acceptable except for the fuel cell valve module solenoid

valves.

3.2.3.2 Mechanical Components

The following components are strictly mechanical:

a. 02 system valve module relief valves and check valves.

b. Inline filter.

c. Fuel cell valve module check valve.

#

d. 02 reactant pressure regulator.

3.2.3.2.1 OpS_stem Valve Module

3.2.3.2.1.i Relief Valves - Parker _smt _mber 5661032-, i

Figtu-e 3.2.3.2 shows an overall view of the 02 valve module with relief

valves installed. Figure 9.2.3.3 is a cutaway dr_{i_ of the relief

valve. The relief valve is a differential ttTe designed to be unaffected

by back pressure in the do}aastreamplumbi_4_. The valve has temperature

compensation and a self-aligning valve seat. The valve consists of an

ambient pressure sensing bellows preloaded with a belleville spring,

which operates a poppet valve. Full flow pressure is i010 psig maximum

and reseat pressure is 965 psig minimum. The bellows is a potential

single point failure which, if failed, would allow the venting of the

contents of one of the 02 tan]_. This failure is judged to have a low
probability of occ'_rence since the bellows was development tested for

I0,000 cycles at i000 psi, stroking from 1.129" to 1.114" and back as a

component. The relief valve was qualification tested by applying 199

cycles of pressure from 30 to 982 psi and one cycle to crack pressure

(> 983 psig), full f!_ (_ i010 psig) and reseat pressure (>965 psig).

This sequence was repeated m_til 2400 cycles were applied. Each valve

is proofed as a component at 2030 psi and after installation into the

9_
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TANK 2 HALF TANK l HALF

CHECK VALVE

RELIEF
VA[ VE

/
PRESSURE TRANSDUCER

PRESSURE SWITCH

VALVE MODULE ENVELOPE

I
TANK 2

TANK 1

I

Q RELIEF VALUE

Q PRESSURE TRANSDUCER

i OVERBOARD RELIEF.

I

• '_TO FUEL CELLSI

_-= AND ENVIRONMENTAL

I _'CONTROL SUBSYSTEM

I OVERBOARD RELIEF
..J

G PRESSURE SWITCH

E_CHECK VALVE

FIGURE 3.2.3.2. 02 SYSTEN
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system at 12_60 to 1310 psi. Because of the test history of this valve

and lack of problems associated with its usage, this is considered to

be an acceptable single point failure.

3.2.3.2.1.2 Check Valves - I_arl_er part number 5661027-]

Figure 3.2.3.4 is a cutaway dra_ing at the check valve. The check valve

is designed to open at a differential pressure of approximately i psia.

It has an all stainless steel welded body and a single, spring loaded,

poppet with metal to metal seats. It uses no nonmetallic materials.

3.2.3.2.2 Inline filter - (M_ 286-005.6-002 )

The filter consists of a stack of chemically etched discs mounted on a

mandrel-like cartridge. The body is welded 304L CRES and the element is

304L CRES. It uses no nonmetallic materials and has no moving parts.

3.2..3.2.3 Fuel Cell Module Chech Valve (Parker part number 5661076)

Figure 3.2.3.5 is a cuta_ay drawing of the check valve. The check valve

is designed to open at a differential pressure of approximately i psia.

The valve contains a main and an auxiliary seat which are spring loaded

such that at low fl_s the auxiliary seat is barely open and catches con-

taminant particles. During full flowboth seats open fully and the high

flow velocities carry particles through the valve. The valve contains

no nonmetallics and uses metal to metal seats.

3.2.3.2.4 02 Reactant Pressure Regulator (PaW part number 607].17)

Figure 3.2.3.6 is a cutaway drawing of the regulator. The 02 reactant

regulator is a bellows operated, lever actuated unit which maintains 02

pressure at a constant prescribed level above the fuel cell nitrogen

reference pressure over the full range of gas consumption fr_n zero flow

to full power operation plus purge flow. The bellows assembly is com-

posed of two bellows for increased unit reliability. The lever arm is

friction damped and actuates a supply and vent valve. The regulator

regulates pressure by pressure sensed at the bellows, balanced against

spring and regulated N2 pressure. Error in regulated pressure causes

bellows to compress or extend, opening vent or supply valves, respective-

ly, causing regulated pressure to decrease or increase, restoring balance.

The regulator characteristics are as follows:

Set Pressure

Dead Band

Capacity

Upstream Pressure

6.7 to 12.2 (6.2 to 11.7) _ psi above refewence

0.2 - 0.7 psid

2.6 ibs/hr

150 psia (min.)

1020 psia (max.)

*Applies to power plants P650769 and up
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-FROM SYSTEMVALVE MODULE

MAIN SEAT

AUXILIARY \\_-_'_._>_
E TO'

SEATED - BOTH MAIN AND AUX- CRACKED - AT LOW FLOWS THE
ILIARY SEATS ARE CLOSED AUXILIARY SEAT IS BARELY

OPEN AND CATCHES CONTAMI-
NANT PARTICLES, THE MAIN
SEAT IS WIDE OPEN OPEN AND
PROTECTED FROM CONTAMINANTS

I

FULL FLOW - BOTH MAIN AND
SECONDARY SEATS ARE WIDE
OPEN; THE HIGH FLOW VELO-
CITIES CARRY PARTICLES
THROUGH THE VALVE WITH-
OUT FOULING THE SEAT

FIGURE 3.2.3.5. FUEL CELL MODULE CHECK VALVE
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NCE PRESSURE

{__t ]# _ij,_!>.J ACTUATING
J_ _ :!_'_!i_ BELLOWS

SUPPLY VALVE. __._ ' _
--....J_'I., _i.,_._j I-VENT VALVE

HIGH PRESSURE _ REGULATED
' REACTANT I=_ REACTANT

SUPPLY INLET VENT PRESSURE
OUTLET

FIGURE 3,2,3.6. 02 REACTANT PRESSURE REGULATOR.
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_is reg_rlat(_r :is sJ_]e stage and :is _ potential ,_ingle point failm'c
which, if it occurred, would ove_umesm_rizethe fuel cell causing; it to
fail. %_uepossib[]e i'ai]ure modesof the reg_fLator are a stuck open in-
let poppet due to free'._JmC or a bJ1_dJmg in the lever pivot member. If

this failure occurs_ it L:J]I cause an overpres:',urization of a fuel ceil

causing its pressure sheil to fail (failure history of the F/C shelfl

indicates its failure mc_]e to be a i'ailed gasket which produces a leak)

causing the loss of one f._el cell and partial contents of the storage

system. _Js regu]atc, r has experienced 60,000 hours of operation durJr4{

field operations_ 120,000 hours of operation during development and in-

house tests and ll_500.ho_rs of component t_'pe tests. The postulated

mode oi' failure has _e\,er occ_m_red. Trois is considered to be very m_-

likely fai!m"e and therefore is an acceptable single point failure.

3.2.3.3 Electrical C{)!m_onents

The following components have both electrical and mechanical functions:

a. 02 system valve module pressure svitch and pressure trans-

ducer

b. Fuel cell valve module solenoid valves

C. 02 flow sensor

d. Fuel cell reactant pressure transducer

e. 02 purge valve

The electrical characteristics and circuit protection provision for these

components are given in Table 3.2.3.3.

3.2.3.3.1 02 System Valve Module

3.2.3.3.1.1 Presmme _Titch - Parker part number 5641715

Figure 3.2.3.7 is a cutaway drawing of the pressure switch. This part

is purchased by Parker from South}_est, ind. Its internal materials and

detailed sa_rangement were not available. The pressure switch is a

double pole_ single thr_q absol_e device. A positive reference pres-

sure; typically between _ to iO psia, is used to trim the mechanical

trip mechanism to obtain the required absolute switch actuation settings.

A circular convoluted diaphra_n senses tank press-_ and actuates a

toggle mechanism J_ich provides switching to drive a motor switch. The

motor driven switch controls power to both the tank heaters and de-

stratification fans. Revie_ of the information available on this switch

indicates that a diaphra_n failure will exl_ose nonmetallic materials and

the electrical elements of the switch to the high presslme 02. Quali-
fication testing of this component required exposure to 5000 on-off

cycles. _is switch has never experienced a disphragm failure. This
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FIGURE 3.2.3.7. 02 VALVE MODULE PRESSURE SWITCH.
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structt[_al failure m_wle is co_,_.'_:i(icrc_!to hL_ve _. low prabab:ility of oc-

currence and therefore is acceptable, if' the a h!;itional data to be

provided by _ prove thi,,;(;o_cl_,sion to be Jn,,,a]:id_the iss1_e wffll be

reopened at that time.

3.2.3.3.1.2 Pressure ' ' '_k'_,nsd_,,er - ]ari_r_,r !]_}_l'b _i,_.I_,_',r 5630034-3

Figure 3.2.3.8 is a drawin,g of th,_-pre:__s_re transducer. This part is

purchased by Parker from Dyna-Seiences, Inc. and its internal materials

and detailed arra_gement _,'ere not available. 'l_lepressure transducer

ms an absolute (vacuum _f_e_,e) device. _e transducer consists of a

silicone pickup comprise.,] of fo_' sensors mo_mted on a damped edge

dia]?hragwr_ and an inte#_ra! signal conditioner. The unit senses tank pres-

sure through the discharge line from the tank. The signal conditioner

output is a 0-5 V])C analog output _,d_ich is linearly proportioned to tank

pressure. Review of the infor_Lb_on available on this transducer indi-

cates that a diaphragm fail_re will e_,pose nomnetallic materials and the

electrical elements (sensors as a minimttm) to the high pressure 02. Since

this failure is structural in nature and since the transducer is exposed

to proof pressure d_:_ng system proof testiesT, it is considered to have

a low likelihood of occurrence and is an acceptable single point failure.

If additional data to be provided by I\_ prove this conclusion to be in-

valid, the issue _.aillbe reopened at that time,

3.2.3.3.2 Fuel Cell Valve l,k_du_le Solenoid Valves

Figure 3.2.3.9 is a cutaway drawing of the solenoid valve. The solenoid

valve employs a poppet-seat arra._L_ement. _e poppet is actuated by a

magnetic armature which is suspended on a belleville spring. One sole-

noid is used to open the valve; another to close it. A snap-over-center

belleville spring guides the armatures and latches the valve open or

closed. A switch to indicate valve closed position is incorporated. The

valve opens against pressu_'e and press_a'e helps seal the valve against

leakage in the normal flov,_ direction. 'l%_eelectrical elements of th_s

valve and nonmetallic materials eaoe in direct contact with the high pres-

sure 02 . _e solenoid coils are made on a 316 CRES bobbin which is

coated on its inside with .00,-5 Fz-_Pteflon. _ulti-teflon coated 30 gage

cupron resistance _.rire and mLulti-teflon coate_ 30 gage copper magnet
wire are wound on the bobbin to form the coil. The outside of the co-_l

windings is covered with a layer of I_-411 teflon tape and a layer of FEP

2000 type "A" teflon tape. Type E teflon coated 26 gage copper wire is

spliced to the 30 gage wires to for_ the po_rer leads for the coil The

_hc_,e solenoid coils and their powerhigh p:resmxre 02 is in contact w.ith _ ,'

leads. _e _osition indicatin_,_, _:_rtr_ ..........,,r _,-_ ,-_,__,.,_........._,_o:_+'_ of a _,-_,

ball, a K]C_-F adapter and a micro s_rfftch, all three of which are in di-

rect contact with the high press_u_e 0,2 . _,e power leads for the sole-

noids and the leads for the position indication passes tl_rough the valve

body via glass header type pass through. 'l_e joint of the lead to the

pass-through stud is covered with heat shrinkable teflon tubing. _is

is also in contact with the 02 .

]0 g



i

I
_D

g_

Z

_D
Z
H

0

_D
Z

0

_J

oO
Z

F--

oo
CO
i,i

W
._J

0

W

_J

0

i,i

_D

i,



i •

_J

'22"
2:

LJ_J •

C/3

1,1

C_

_.s.J

.-A

LIA

k_

O'3

CJ

LJ

LL



,".i_1_rc 3 _.3.i0 is a circuit O:i._gru_:i for this valve. P_er to maint,_._:;_-,

Ji_:.:11_iJ £; J s app] J.ed to the so] _:!]oid dur J ng boost and other assigned

hime,_;and is cmTrent limited to a_:proximately .5 amps. NoYmal so]e_;o:]d

op<n-_d:ior:s use a steady c_zrrent of 2 amps with maxim_Jm in-r_ch cm-rent

<>f ]0 :_mps. Assbmi_v_ a direut short, the energy available for 200_,

ovr;rload Js (28 volts) (20 s_,_.ps) (40 seconds) = 22800 joules and for a

(,oo10overlo d is (28 volts) (60 seconas) = 2940 jo es.

All of the elements are _,_vailable within this valve to make it a potential

fi_,e hazard to the subsystem and spacecraft and therefore should be re-

designed.

3.2°3.3-3 02 Flow Sensor (_ 449-0015)

],'jgure 3.2.3.11 is a drawing of the flow sensor. The flow sensor is a

capillary tube hot wire anemometer. The only nonmetallics used on this

component ,_re on the outside of the case elements or in the signal con-

ditioning. To expose any of them to the 02 would require two structural
failures.

3°2.3°3.4 Fuel Cell Reactant Pressure Transducer

Figm-e 3.2.3.12 is a drawing of the transducer. Complete identification

of "the internal materials and its detailed arrangement were not avail_ie.

_e transducer is an absolute device utilizing bonded strain gages on a

bemn assembly which is strained via link and piston attached to a dia-

phragmwhich interfaces with the _ressurized fluid. Review of available

infol_nation indicatesthat a diaphragm failure will expose nonmetallic

materials and the electrical elements (strain gages as a minimum) to the

02. During fuel cell operation, this transducer has experienced simi)ar

exposure as the regulator discussed in 3.2.3.2.5. This postulated failure

mode is structural in nature and has never been experienced in usage.

_is is considered a very unlikely failm*e and 'therefore is an acceptable

single point failure.

3.2.3.3.5 02 P_rge Valve

Figure 3.2.3.13 is a cutaway drawing of this valve. This valve employs

"0" rings of viton and red silicone rubber as the valve seat in direct

contact with the 02 . Detailed engineering drawings of this valve were

not available to allow assessment of postulated failures; however, l_att

& Whitney Aircraft was asked to make this determination. _eir response

indicates that _¢o failures are required to introduce additional non-

metallic materials or electrical elements to the 02. Tais valve is con-

sJdered acceptable.
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!,t: (,%1 <o::L.:_.:I:',: ]':\. .ilt..r <J;.:i_ 1!; i < TJJ]'(._ :,!'<- , , .... J .

{ti}[< E!II!;t'_' i til,l,,'i']( ',, ! tl <."c) e;"t !;<,'i" [ ';I 7 :':' ' " rl'}i,,s" ]WJ< ;ill , ]:

]_,tc, oi' K(),'i" ]._ 7,"' , '• 'i; '> _ c i.n!.

[']. 2 ._4.1 E['[L'].,' L" -r[.,i .........J.J,t i{i:;

The CH c_it._';_, b:_,tt:_r':(;: :,r_ 'o!;;t,_'c_,:t._ d :,.: i.._;,., ::JdivJd/:::k[ 'c i.l::

w:ththe:]rown [ t:_.:t,::_: .r._::,_, Tb,<:: . .].t_: , _, .:::_.ct .].r: _ pl_.:,:;JfL!:_::
• f Ity]'_,c] /tt:_sc' t]]i(t :,_r:n,],, d '..'it.l: ::J','_':: _:,'. _' : i , , : _;_: t..c_ [[bc:U":" :,:

cloth.

The entry l;nl:,h,t_C? c.c. t J < _ r Z' _ C ;_ q } "_ r * ,;i., c! '.' I _: ,, '.!:< ! titter)/ o _'..... _ =,. .... . <

whicii :i.<: ;n t:i.N_f] ,<:.:_:Lt :1,, d 1..... & th:.. : :' : 17'.)]C-] iI_;; :S] (ca';:: -

tDatiOn wh:ch c'_rl _c _i.<_c ]'s'O:11 (J %o :J'(. _> i,,. i_,_ .:is _ . J.c_. ,7:_N b,:-

lr_anu_-J_L]._ ,.zen13cd [.o jd_c.j] :dllb:_.< N[, t.JL_'O.i i. . ,, ._' ov(':_boarddlii,_ip ,y_;;zl, ,

Each coil im._orp_rr, t '_" <'.Lect:ro]yl;< e_l.J'r:,_.,. :,

p]_'essu_Y'c rt_lJc.[' v:lJ Yes which ]'<'.l.J< ._ _, -) ' ; .: : _].G.

[, 1:,1 < J,_;,. ,- (-'1.... _ ...........ENTRY BA'I!']'h;};Y _: ................ ' ........ [I]{_ 8

• L

Rated Open

Cupacit._ , Clrcuit

per Volta ge No:::i::a"

Battery Vol t,_i".,

40 amp-ires

(25 amp_- re

rate for _I hr

& 2A to liO All

37.2 _<9C lice

(37..-_ v:?c :::

.,=;;i,- cA :

T< :_<I)'cr :_:t,:;,

27 _'dc
(25 amps. ;to'_d)

50 "
]].

3.0.4. <) PYI_O _N ''_'--' " '<..... 1, ]7.I l.h].t,_

']:be CM pyro batteries utilize :J q-I_() '::i:tli:u:.cd{:,I....

C OVal IT.

q.'he battery case has a relief '.,.:Jl ..'<:: :;l:ic.},: .. ;,,,-.i':_!:.c:<: nt .::C_+ 5 _" :i'-

ferentjs_L pros<titre. Tl-im ,h::ttc:_"_ ,,, .lJ:: _ ' ']_ ii:_-., x'e!i,,f v:Jlves w]:i,.h

operate at abo,tt; 0 to _<' 1;::i d:f:£,.:,._, :_,l. pr_:::: :_',:,

N_Jch cell :: ncorpoz'u t,<:'.!: _ ],: :1.;re,lit,< i,t.r'._],., l;t, ::Nd the tu'] t< .... :,_;<:, i

vents diz'ectl;;, i'-ito the lo',vcr _(_1:]!:'._ _1:. i;<,,,.

] !4



PYRO _: l.._,h_. I], ',]'01'J.b%I_CE CJ1AhAC].Lh],. I.ICS

!{otcd Open

C_poc ]ty Circuit Ambles t

per VoltagL _ Nominal Minimum Battery

B_?tte ry Voltage Volta ge Temper a ture

_)-T5 u1_Ip- 37.2 vdc flora. 23 vdc 20 vde 30 ° to

hrs (75 (37.1 vdc in (75 amps load) (75 amps load) llO°Y

a.mps for flight's) (32 vdc open

36 seconds) circuit)

3o2.4.3 SUBSYSTI_I ASSESSMENT

Qualification tests of the entry batteries d_d not include a pressuri-

zation burst test of the battery case. Because the upper limit o£ the

specified operation of the pressure relief valve is 40 psid_ the case

should be capable of withstanding that pressure with some additional

margin o£ safety. Two individual cells were tested by the vendors.

Failure pressures were in excess of 50 psid.

The procurement specification (MC 461-0012) requires the vendor to

verify the function of each cell as to containment of pressure up to

30 + i0 psid and relief of over presst_e. The acceptance test pro-

ced_es in ATP-202A, 2/12/69, are not completely responsive to this.

They call out separate tests of the cell case at one atmosphere,
and functional test of the relief valve. Each delivered cell case is not

verified to be capable of containing 40 psi which is the highest

pressure to be exloected.

Qualification tests of the pyro batteries did not include a pressuri-

zation burst test of the battery case. The upper limit of the speci-

fied operation of the pressure relief valve is 35 psid, therefore

the pyro battery case must be capable of withstanding that pressure

with some margin of safety. The specification (MC 461-0007) requires

the vendor to perform press_'ization tests o£ each cell to operationa_

specified pressures.

The vendor is also required to test the integrity of the seal to

specified pressures prior to delivery to NR. This implies a test of

the e_se to withstand pressuzes u_ 35 paid. The test pi_ocedu_es ai_e

similar to those of ATP-202A for the entry batteries, and do not require

verification of pre'_su_'e retention up to 30 + 5 psid with subsequent

relief.

The limited test history of these batteries indicates that there is

little danger of explosive burst of the case, but that the case will

split at a joint. The result of a CM battery failure would be to

release H2 gas into the CM cabin and provide a means of escape for
free KOH. E_Jch cell of the entry battery contains about 2cc end
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each cell of the pyrr, In__ttery coni:ain abo,lt ]/9 ,:('.of KOU. q_tlehaz_r'di _

bhe ]{2 released i:; :i,<_1_ibccau._o the v,OiL_ljl(oJ' .iJeCM J.q ]glI"LiC _4J.tll

respect to [,he amoi_,_L of H2 gemcrated under ;L,_':mklco_]ditioms.

If liOll,<olution ,,,:',:;_pc.r:into i,h<! c_bJ:l :_r<:J, i,}i<,c_ffect wotutd i< <=<i_,,i::.-

lent to the pre_'<:_i.t, c_l <hi3 eL_ustic solu[,i{,!_ (_ Ly<_) free to move

about in ,'_zero-O _i_v]_'onmcnt; i.e._ phys.]c,.loM],,rJJ_kin d_nm_Tc: _,_'c:om-

pc_nied by stingini],]_:u.,_s_ti:,onend eye da,,no_<,. i!,wcver_ this is ve_'y

unlikely since the i_:_tieries ore located ],,<],,i,qda close out p[mel of

the lower equi])meat Lay which would impe<:U i:]_{:movement of the I(O]L

Any leakage from u l-,attery case could corrod<_ ;], alumim, ml strutter<
this area.

I_D has bcer_ r{_(tues/.,_d 4;.o perform bu]-st t<.-t ,_i _try trod pyr'o

batteries to determJ_J< _ th(_ e_psbiJ, ity ___f'[}.... !<;:,,to ]_crf()rm ;lb,q

intended fui_ction and ¢],,_term'Lnee[_p:_bLiitb, t.,:_ : _l,](:('.tc_)ch indJvJ_d_<_..

battery to a proof pressu_°e test to ]_)s,tr_'(,',l_:!_'<__dm_muft_cturimg

perfection Js being obt;_ined.

Proof I)ressure testing to 1.33 times maximam _',,_l<_f valve ;_'etting of

all batteries is desi_"_fble_ but if the burst t<_s% show th_ l_otteries

do not have %h:ts eapsbility; then the reli{:f \,_d_\,esshould by

adjus-tcd vithin the necessary operatiom_Ji ] imlts to _iio'.._a _.i_Ji.mt.,:_ ]:,_)._

of i.i times maximum r<:lief valve sett:ing.
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_.3 _

3.3.1 _LUID _ ...... ,, "<'_ _r,r_ TC_

The CMIIRcs provides the imp_isc for attitude control to mali:_tain the

require8 CM entry attitude after separation from the SM. During entry

the CM/RCS provides imp_.se to control roll attitude and to damp roll,

pitch, and yaw rates. During aborts_ the CM/RCS provides the impulse

for three-a_xis rotation and/or rate d_nping as required to control (_,'i

attitude. Propellant depletion is accomplished prior to CM touchdown

for all mission modes. _e C_/RCS consists of two independent pulse-

modulated, helium-pressure-fed, positive-propellant-expulsion, rocket

propulsion systems as shorn schematically in Figure 3.3.1. Earth

storable hypergolic fuel _d oxidizer are used as the propellants. Each

subsystem (designated Assembly I and Assembly 2) consists of the lol-

l owing:

a. Helium pressurization subassembly

b. Propellant supply and distribution subassembly

c. Six reaction control rocket engines

d. Monitor and control provisions

e. Propellant burn/d_mp provisions

f. Servicing provisions

The engines are mounted internally, with the engine nozzle extensions

scarfed to match the CM heat shield mold line. Figure 3.3.2 shows the

arrangement of the system in the _.

3°3.2

_e materials of Construction of the components in the CM RCS are listed,

by component, below° Table 3.3.1 defines the compatibility of materials

used in the ozidizer system and the rationale for their acceptance. Table

3.3°2 defines the compatibility of materials which may be contactcd by

the oxidizer in the event of a single failure_ spill, or leakage. Table

3.3°3 defines the compatibility of materials used in the fuel system and

the rationale for their acceptance. Table 3.3.4 defines the compatibility

_ _a_cr_a±s which may be contacted by the fuel in the event of a single

failure_ spill_ or leakage.

3o3o2ol Oxidizer System

a. Oxidizer tank: titanium, aluminum (6061), stainless steel

(304, 304L, 347, A286), TEFLON (TFE, FEP).
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!

b. Purge valve: stainless steel (304L, IY-7PH), VITON

(fl uor OTubbe r )

Co Dump valve: See (b) abo_.

d. Interconnect valve: See (b) al_ove.

e. Isolation valve: Stainless steel (304L, 347, 321, AM350),

Alnico V, Armco ingot iron, al_ninum (2024), TEFLON, sili-

cone rubber, epoxy AI4.

f. Engine injector valve: stainless steel (304L, 321, 347,

430F, 17-7_{), stel]ite, TEI_0N (FEP), silicone rubber.

g. Fill _nd v@nt coupling: stainless steel (302, 303, 304,

304L, 316, 17-71_[), KY_R.

h. Burst disc assembly: stainless steel (303, 304, 304L,

17-4), alumin_n (6061) TEFLON, Resistazine 88.

i. Test point disconnect coupling: stainless steel (303, 304,

310, 321, 17-7PH), _CY_R.

j. Check valve: stainless steel (304, 304L, 321, 17-4PH, 17-7),

KYNAR, Resistazine 88.

3.3.2.2 Fuel S_stem

The components used in the fuel system are the same as those used in the

oxidizer system, with the same materials usedj except in the check valve.

The fuel-side check valve materi_is are: stainless steel (304, 304L, 321,

17-4PH, 17-7) and EPR (ethylene propylene rubber).

3.3.2.3 Helium Pressurizati0 n Syst_em

a. Helium tank: titanium, stainless steel, TEFLON, butyl rubber.

b. _egulator: stainless steel (302, 304L, 347, AM 350, 440C,

17-4PH), steel (SAE 9524), aluminum (2024, 6061, 7075), bi-

metal, TEFLON (TFE), KYNAR, rubber (SR634-70).

c. Isolation valve: stainless steel (304L, 17-4PH), alu_ninum

(6061), _.r!TON.

de Check valve: stainless steel (304, 304L, 3_i, 17-4PH, 17-7),

ICYNAR and Resistazine 68 in oxidizer system and EPR (ethylene

propylene rubber) in the fuel system.

e. Interconnect valve: stainless steel (304, 17-4PH), VITON.

f. Relief valve: stainless steel (301, 303, 304, 304L, 17-4PH),

aluminum (1145), TEFLON.
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m w

3°3.3.2

g. Fill coup:lin_:: sta:bTlcss steel (303, 3011, 304L, A286,

17-4P]I_ 17-7P]I), alt_nir]_m (20211, 70{5), KTA_AR, KEL-FSI.

h. Test point coupling: stainless steel (303, 304, 310, 321,

17-TPH), ]_?_AR.

CM 19CS I,._CltAI',rI9fkL COI'.¢POI'_IYi'S

Oxidizer S},stem

a. Oxidizer tan;<: Figu_'e 3.3-3.

b.

The oxidizer tanks are in the _._ af't compartment between

Fr_ies i and 2 and 3 and _. The CM RCS oxidizer is inhibited

N.O,. Each tank is loaded _{ith 7U.3 +1.6 lb. oxidize_ " under

aSp_essure of i00 +5 psia with helium_ The system is not

press_'ized f_r operation (291 +4 psia) until one hour before

re-entry. There are no electrical sources on or in the tank.

Sho_d the ta_k bladder leak, a double check valve failure

must occtu _ before oxidizer comld get into the fuel system

and cause a reaction. The oxidizer tanks are considered ac-

ceptable in their present application. Pressure reg_ulation

is redtmdant as discussed in paragraph 3.3.3.3 and there are

no electrical interfaces to provide an ignition source for

the tank bladders (teflon). Risk associated with these tanks

is minimized by the limited pressurized operations (entry only).

Fill and vent coupling: Figure 3.3-4.

The coupling mechanism is backed up by a closure cap after

loading. _e coupling is acceptable in its present ap-

plication.as a single failure does not cause leakage.

c. Burst disc assembly: Figure 3.3-5.

Component failure would resu]_t in premature exposure of the

gallery lines to the oxidizer and does not impair crew safety.

The disk assembly is acceptable.

d. Test point disconnect coupling: Figure 3.3-6.

Same as (b) above.

Fuel S_stem

a. Fuel tank: Figure 3.3-3.

_]e fuel tmg{s sa_e in the CM aft compartment at Frames 9 and i0.

The CM RCS ±'uel is _[[_. Each tank is loaded with 144.2 + 0.9 lb.

fuel under a presslme of i00 +5 psia }_ith helimn. The system

is not pressurized for operation (291 +4 psia) until one holm
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1

2

6

"II

1,3 _ 5

m ?

i. 302 CRES
2. 303 CRES
3. 304 CRES
I+. 304L CRES
5. 316 CRES
6. 17-4PH CRES
7. KYNAR

FIGURE 3.3.4. AIRBORNE HALF OF THE PROPELLANT DISCONNECT COUPLING.
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J

o

i
VIEW A-A

(END VIEW OF THE
BURST DIAPHRAGM
'V' GROOVE)

1

_e

A

I. RESISTAZINE 88, OXYGEN
VALVE; PARKER B496-7,
FUEL VALVE

2. 17-4 CRES
3. 304 CRES
,_. 6061-T651 Al ALLOY
5. 304L CRES
6. 303 CRES
7. TEFLON

2

FIGURE 3.3.5. BURST DIAPHRAGM ISOLATION VALVE
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2

2
2

3 (Ref)

1

i. 310 CRES
2. KYNAR
3. 303 CRES
&. 17-7PH CRES
5. 304 CRES SCREEi{S
6. 321 CRES

FIGURE 3.3.6.
AIRBORNE HALF OF "[lie TEST POINT DISCONNECT COUPI._NG
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3.3.3.3

before re-entry. There are no electrical sou rce,_ on c,r in

the tanks. ShouZd the tamk bladder !eai<_ a double cLeck

valve failure must occur before fuel cottlC" get into the

oxidizer system and cause a reaction. The fuel tarJcs are

considered acceptable in their present application. Pres-

sure regulation is redundant as discussed in paragraph

3.3.3.3 and there are no internal sources of tankpressure

increase. The limited pressurized operation (entry) by

these tanks further reduces any risks.

b. Fill and vent coupiing: Figure 3.3-4.

Same remarks as for oxidizer.

c. Burst disc assembly: Figure 3.3-5.

Same remarks as for oxidizer.

d. Test point disconnect coupling: Fig_e 3.3-6

Same remarks as for oxidizer.

Helium System

a. Helium tank: Figure 3.3-7.

The two helium tanks are located approximately dia_aetrically

on the +Y and -Y sides of the aft compartment between Frames

2 and 3 and between Frames ii and 12. Each tank is loaded

with 0.57 lb. helium at 4150 +50 psia at 70 +5°F. There

are no electrical sources on or in the tank. %_nere are no

significant external sources of tank pressure or temperature

increases. The tanks are acceptable in their present ap-

plication as they have an adequate factor of safety and no

mechanisms for tank pressure or temperature increase.

b. Regulator: Figure 3.3-8.

The regulators are series-parallel redundant for each propel-

lant system. Loss of a single regulator would have no effect

on fuel or oxidizer tank pressure. If both regulators of

a unit in series failed open after system activation, then

the propellant _ of _ _' _ _^_s _h_ ...._.... _ _ _'_ .....

failed open regulator flow exceedes the relief valve capa-

bility.

c. Relief valve : Figure 3.3-9 •

The helium relief val_ contains a diaphrag_n which ruptures

at 340 +8 psig. The valve relieves at 346 +14 psig and re-

seats a_ 327 psig minimum. There is a relief valve for each
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3
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i. 304L CRES
2, 304 CRES

1_.. 303 CRES
14. 1145-0 AI. ALLOY
5. 17-4PH CRES
6. TEFLON
7. 301 CRES

3 i

FIGURE 3.3.9 . CM RCS IIELIUM PRESSURE RELIEF VALVE.



propellant tank. _l_ese valves are sized to accomnodate

temperatt<re or pressm_e increases such as entry heaZJ_@:j
but do not acco._modate 7_i(,_:_ r<_g_,f[ator failtmes.

d. Fill an(] drain coup]inl{: Figure 3.3-10.

o @

The coupling mechanism is backed up by closure cap after

loading. They are acceptable as a single failure does not

cause excessive leak_e.

e. Check valve: Figure 3.3-11.

The check valves are series-paralled redm_dant and any

single faihme does not result in fuel and oxidizer mixing

or loss of Dressurization. They are considered acceptable.

f. Test point disconnect coupl.no. Figure 3.3-6.

See (d) above•

3.3.4 CM RCS ELECTRICAL CO_,{PO}_f_S

3.3.4.]. Oxidizer System

The salient characteristics of the electrical components in the oxidizer

system are given in Table 3.3-5. A discussion of the hazard potential
and effect of component fai]ure are discussed below.

a. Purge valve: Fig1_re 3.3-12.

As sho%m in Figure 3.3-12, machined fittings are brazed to

the tubing forming a complete metallic end closure. Leakage
of an m_actuated valve is remote. A metal-to-metal seal is

formed after actuation with a redundant VITON seal. These

valves are actuated only after completion of RCS control for

system dump and purge. They are acceptable for their present

applications.

b. Dump valve: Figure 3.3-12.

Same as (a) above.

c. Interconnect valve: Figure 3.3-12.

Same as (a) above.

d. Isolation valve: Figure 3.3-13.

Propellant isolation valves are normally in the open condition

and are not normlally cycled during flight. Therefore, failures

due to cycle life are insignificant. A single failure of the



,i

ID-

O0

I

C m

\ \
\
\
\

0
r-t

C_

(_D
Z

._J
ID_

0

t--

I_L.I
Z
Z
0

r-'l

._l

i.--i
i,

!

ZZD
i--.i
..--I
Lal

_,1
"T"
I--"

I-l.-
0

Ii
---I

-r"

Iii

F'F
CD
rr_
rv"
i--t

i-4

ILl
r_
IZD

LI_

147



o

,--I 1
\!

L:

/
_J

>

-r-

_b

t
t

I

'tI

i
i

!

I--CO
000

_..) I._l

LL.I 0_. l'-.-J

• ° • . . • ° , .

]_h3



z

z
O

o

{D

W
b
ILl
--J
W

p-
I/)

m
N

d_
8

,4
¢o

'd,

I--.

c_3
H

_J
LI_

O
zl_
o

taJ ILl

C'_. O '_

kl_lO LLI
C23 _D F--

t_

b

_Zq LJJ "-"

NI-J_

O L_I ..-1

CDO
I

12Zl l_

k_ 1--- O

ls_ t_

i,-i
:2:_

g_
O2

O
O

txJ _
:a:Z_

<,.,- o o o o_o.£.

O0 u O0 oo

._ , °_ ._

cO oO oo oo

w_

c_ w

_ _ 0

N OPW _

W
2::'*

2_

L_J

LLI CD _ _Z

_ __102

8

O L.ut .-1

F- _

U') _ I'--

.-J w ul

LIJ L_J _ w _ Z

_- _- o _ o L_

5
l--
u

D

p-

-y

:E

CD

L_J
z

C!} C_)

Ocul Ot_l
F-- b"-

.._ .._
ILI>-

_Z

C:3"_

ON{ O I_1 {:_

o o

z
"_0 _-._0

,.a_w

w
Z

CD C_J
z

U- 7--
O*'-_

O
--C21

C}_-" N

I--
z

o

c;

t_

O _o

_ _8 mg
MZ

OO OZ

o
I--

O

w
13_

I---

]lh



2

_. o ...

304L CRES
17-4PH CF_ES
VITON

FIGURE 3.3.12. PROPELLANT EXPLOSIVE VALVE.
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].. 304L
2. 347
;_. AM350
I,. AM355
:;. ALNICO V
6. TEFLON
7. ARMCO INGOT IRON
8. SILICON RUBBER
9. 321 CRES

]0. 2024-T4 A1
%].. EPOXY A14
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! I
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1
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FIGURI; 3.3.13. ' PROPELLAHI LATCH!ilG SOLNiOID VALVE.
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3.3.4.2

bellows would al]_m the propellants to come in contact

with silicon r_fbber (a non-compatible material) an0 the

instr_nentation posibion switch and _¢iring (a possib_le.

ignition source). The bel.]..o_s has been pressure tested

to 3000 psi before failtLre. This is well above the burst

capability of the propellant tanks. __e bellows desig_l

has satisfactorily passed operational tests of 4000 cycles.

The probaLility of a bel!_s £ail_e _mder present operating

conditions (not more than one operating cycle or abnormal

pressure transients) is extremely small. The propellant

isolation valves are considered acceptable because of the

extremely low prol_ability of exposing no1_etallic material to

the propellants. In addition to certification testing these

valves have sho_m compatibility during the propellant com-

patibility test. Figure 3.3-13 shm_s the isolation valve

and lists the material of its components.

e. Engine injector valve: 3.3-14.

Each valve has two coils as sh_m in Figure 3.3-14. These

coils are external to a welded tube which is considered

very reliable. There are no single failures, other than tube

leakage_ which would expose the coils or other nonmetallic

materials to the propellants. The operating history and

qualification of the val_s demonstrate their acceptgDi!ity.

Fuel Sxstem

The fuel system electrical components are the same as the oxi-

dizer system, and the sem_e remarks apply. See (a) through (e)

above.
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i

17

L
L

i, TRIM ORIFICE - CRES 17-7PH

2. FILTER - CRES 304L, 321, 347 17
3. INLET HOUSING - ORES 17-7PH

&, VALVE BODY (BOBBII_) - CRES 321, 430F
5. CORE - CRES 430F
6. SPRING - CRES 17-7PH

7. ARMATURE - CRES 430F W/STELLITE BALL
8. VALVE SEAT ASSE_BLY - CRES 321, 17-7PH W/FEP TEFLON SEAL
9. AUTOMATIC COIL

10. DIRECT COIl_
11. LEADWIRE HOUSING - CRES 347
12. LEADWIRES - AWG 20, MIL-W-16878 TYPE EE 19 STRAND NICKEL COATED

FIGURE 3.3.14. CM ROCKET ENGINE INJECTOR VALVE.
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The 3i!/RCS subsystem is composed off):individual installations in four

l'_a_so_' the S]4. F](_ure 3.)_.i is a typical _:chematic of one of these

installations. The _,,_.,-.'._h-._;_,_,os._:_,te,_..... "ks mounted o_u door oar_els. . and r_re

]oca%`_,] aro_md the s,,'rvice mod__]_e as shown kin P,igure 3.4.2 and Fig ore
3._. 3.

In each ins tallat_o_ a _:insle b'l:ium tank su?plies _z]],age press<_re
to the primary and seco:!ary oxidizer and f<ei tanks. He!i_&m flow to

the presrume regulaLors may be shub off (if required) by heli@_

isolation valves. The pressure reguikators are two sets of parallel

regttlators with each sbt containing two reguAotors in series with

the primary regulator set to operate ut 181 + 3 psia,. Helitm_ flows

from the regulated helJ-o_:_manifold through 2-parallel sets of 2

check valves in series to the oxidizer tanks and t_i'ough an identi-

Cal check valve confi_%u"ation to the fuel tanks. The helium ull<_ge

is isolated from the fluid propellans Ly a teflon bladder. A

relief valve is installed in each fuel and oxidizer tank helium

inlet system to aAlow the systems to start venting at 225 psia.

However_ it should be noted that the seconda3._ :fuel tank has an

isolation valYe in the system between the tank and fuel relief
and check valves.

Isolation va]ves are located between each pro?ellant tank and the

engine valves of the quad. A pressuJ:e transducer is installed

between the primary tanks and the isolation valves. Four engines

form a cluster for each RCS unit. Figures 3.4.4 and 3.4.5 show

the location of the SM/RCS on typical panel assemblies.

Table 3.4.1 defines the compatibility of materials used in the oxid:izer

system and the rationale for their acceptance. Refer to tables 3.3.2_

3.3.3, and 3.3.4, of the CM RCS section for the compatibility assess-

ment of materials not normally exposed to ox:idJzer_ normally exposed

to fuel, and not normally exposed to fuel, resp(-ctively.

3-4.2 i_LIAh_CAL A}_D NON-ELECTRICAL _ m:,_,z_,r_Tm<,

3.4.2.1 Helium Tanks

The )3_]ium_ is sn _nert SSS_ t,berefore; %,here is no compatibil_ty

problem for internal materials. Helium pressm"e ve sel (I,{E_8_-OLp.])

internal componenets and materials are listed in Table 3.4.2. The

6AI-4V titanium helicon tank was dmmonstrated to be acceptable by

certification testing. Hydrostat:]e testing .'3hawed the actual bumst

pressure to be 8000 psia 6ivin6 a i. 7 safety factor and to be better

than the 7000 psia design bt_rst press<mre.
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o

3.4.2.2 Fuel and Oxidizer Tunks

All propellant tanks are made of 6Ai-4v titanium. PrJmar? an,;

secondary tanks of both fuel and oxidizer systems are similar

except for tank .lengths. The secondary tanks are' identic_l

with those used in the command module. The intern_Jl tank com-

ponents are shown and listed in Figure 3.4.6. The teflon bladder

is the o,_].ynon-metallic moterial within these tanks and is compatible

with the propellant. Tank stress corrosion test resulted in the

use of green (inhibited) N204 as the oxidizer. Titanium 6AI-4V
is compatible with the propellants now in use

3.4.2.3 Helium. RegtLiators

The helium regulators are two regulator sections coupled in series.

Figure 3.4.7 shows a cutaway view and lists the materials. A dual

.failure in the full open position of the series regulators is the

only failure mode that wot_id result in over-pressurizing the

propellant tank. The flow through the full open regulators exceeds

the relief valve capability. The regulators are acceptable without

change because the subject failure involves two regulators failing

open_ simultaneously and in the same series. No open f_ilure has

ever been reported for the regulator during development or during use.

I]etails of the reg_rlator failure study are given in the Apollo CSI,_

Reaction Control System Series Regulator Study, SD-68-445, May 1968.

Compatibility of materials exposed to oxidizer was demonstrated by

the 90 day compatibility test. For details of the test see report

"Ninety Day Propellant Compatibility Test CSM/RCS", SD-69-459, July

1969.

3.4.2.4 Check Valves

b"

The check valves are arranged in a configuration to provide a parallel

path. Each leg of the parallel path contains two cheek valves in

series. The most common failure mode of a check valve is leakage in

the reverse direction or a failure to close. The series/parallel

arrangement requires a dual failure before the system is affected.

During the 90 day compatability test the check valves were altered

to allow leakage to penetrate upstream. At the end of the test the

seals on the check valves had deteriorated and become gummy. However,

the relief valves still functioned but required a slightly higher

cracking pressure and leaked a little. For details of the test, see

report "ninety Day Propellant Comparability Test CSM/RCS/ SD-69-459,

July 1969. A check valve and its list of materials is shown in

Figure 3.4.8. Compatability of the exposed non-metallic material

within the check valve is considered acceptable within the time con-

straints established by propellant compatability test.

3.4.2.5 Helium Relief Valve

A helium relief valve is located downstream of the check valves. The
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i

.].,::_ <'a'_hrel2cf ':_.d.Tc ahoad o:P i;h( va_l_,_'?ori,:].o}_I-.__t,',,.,[£1:h],_Gc'._:.

t,]!_'_,_/j_ ,_,he relief .,,r,.],,,_, pr:ior to ibs u::_:. A .]<u,; ,';_tu o_i, ed., ut __;

])ro:]d(d i,etwe_n {.ii,_, di_]IJ,hrac, m arid th< val_.,_: to p;'ov:ide th_ _ cors._.:-i;

d:!.f_,_rent::ia] pr(:;',<_u,.'(: across the d_iaphragm. Tb: :',b,r',t,.)m _ op._xat_O
:kn <, manner that {.he re].:]ef vm#ve is ]_ot iunct:ion_d w:[thout; a :Pai_L_'_

or o_l el.morea], temperutu_ce rise o.[' the prop(.] ] ant tt,nks. '2he :['a :i .iure

of ::n_: r, ]_:]ef vatvc_ J,,] t,h( (:losed position (tow prob'A)i]it?/) ',,,_ui.d

thq?rcfore be the [:<:cond oi' two failui_es requ]:ircd to ove_:'-pre,qsuri;se
a tank. F._gure B.4.9 ::.how_: th;2 hci/_ic_:: re]_:ief ,::_lve ar.,<] ]:i;:bs h_,

material of_' its doP,q)o:i{_nts. Teflon is -t,h(: o_]ly no]]-m,:t:.,._]_:]c ::,::t'..:'2:_

in 1,he re] :ief valve and .is eompt_tible with the ox:]d]:,i_r and fu(:] .

3. l,. 2. (i Filters

The filters used in both the helium and propel!ant: ::U-::teri_,scol_tain

only metallic mat<r:ials. The filters ha_e no potentiu] fa__]:,_"e

modes that would i)e a_f±=ren_, from ordinary lines. Fi{_ure 3.4..10

shows tlle filter and lists the mater:ial oi' :its components:.

3.4.3 ELECTRICAL CO],[°O_NTS IN OR ON H_]ILEt_4A_Tb P__ <_,%\:_

Electrical operating characteristic and interface of ?rop<]lant ".:on-

ponents are listed in Table 3.4.3. Hazard potenl;ial f_" listed LiP
Table 3.4.4-

3.4.3.1 Helium Tc_m_erature and Pressure Transducers

The temperature and pressure transducers in the helfum system are

compatible with the inert helium gas. The instrumentation sigr._'l

conditioner provides current limiting and in the event of an i]:tcrn:_f

failtm_e the heat generated is insignificant.

3.4.3.2 Propellant Prmssume Transducers

Propellant pressure transducers are located downstream of the i_,rim<'_r/

oxidizer and fuel tanks. The interface with the ?rope.]]ant is 8 d_,_-

p_L_agm whose b_'st press _s approximately 9000 ps_ and is well over

the tank burst pre,",,sun_eof 600 psi,

A single failure of the diaphragm will expose the stain gr_ges (bP_dg_:

network)_ wiring_ feed through terminals and glass seal to the prop__!-
lant.

There are no known faJlures of the diaphragm. FiGure 3.4.11 shouts

the transducer. This transducer is acceptable due to the low proba-

]_i]ity of a rupttrred diaphragm. In addition to the burst trst dtu_:].,_ "

cert__ficat:]on testing these transducers have also shown compatabi] :.i,y

during the propel!ant compatability test.
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3.4.3.3 P'o,__j. 1 il;_,t_ ]::..oj ;, t._ o__ \._'" t..__-_-

Pro?e]lsmt isoii;_t]o_i v_:_iv_s &_r{.nonmdly in t}_<' open condition _nd

ate not r_orm_d]y <,'c.]<_ddurJ_ig flight. Therefor(:, failures due'.to

cyclc lJJ'e are insl](uiificant, A atingle foiilu_"c or tile bellows would

allo_,{ the propc.]]<_nts to come in cord.tact with silicon r{Jj_er (_ non-

compatible m<_t<.r:[:_])and the instrcmlentation post] on switch and

wiring (a possible ig_iition solrrcc). The b<_J]ows h@s been pressure

tested to 3000 ps_ L._fore fai.]ure. This _s w<dl _l_ove the burst

capability of the prop<llsnt taljts. The bellows design has sstJs-

factorJ!y !)<_ssc:do])_,r_1-,ionolt<sts of I_O0 cye]<<s. The prob_bility of

a bellows f_ilk_'e _Nd<_r prcs('nt operating conditions (not m0rc than

one operetJn 6 cycle or abnor_sf]_ pressure tr<_,nsients) is extremely

small. The propcll_nt fisolation valves _re considered acceptab.]e

because of the extremely low probability of exposing non-metallic

materiel to the prope.]isnts. In addition to certification testing these

v_Ives hove shown compst_bi!ity during the propellant compatability

test. Figure 3.4.12 shows the isolution valve and lists the material

of its components.

3.4.3.4 Engine Valves

Each engine has two actuator valves (one ox'Ldizer and one fuel).

Each valve has two coils (one auto and one manual). A single failure

mode does not exist that would expose _dditional non-metallic m_terisl.

Engine valves have been exposed to a broad range of temperatures with-

out f_il_res. In the event heat is induced by the electrical power

to the coils or by the strip heaters the resulting temperatures are

acceptable. Operating history and propell_nt comparability test

also demonstrate the _cceptsbility of the en[{ine valves. Figure 3.4.!3

shows the SM/RCS engine and lists the material of its components.

3.4.3.5 Heater_ Thermo Switches and Temperature Transducer

C _ /'IC_The aM/Rue heaters are mounted in msnner to prevent contact with

the propellants. Figure 3.4.14 shows the SM/RCS engine housing, loca-

tion of heaters, location of thermo switches and location of package

temperature measurement.

3.4.4 S_,9%%RY OF UNI_SOL\U{D ISSUES

The affect of propellants upon silicon rubber under 180 psia pressure

with sr_ ignition source present is not known. This is not considered

a prob.]era since test data indicates that, even though a single point

f_i]_<m_c mode exists that could bring propellant in contact with the

silicon rubber, the safety f<-_ctor of the component is high.
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i0. 2024-T4 AI

*ii. Epo_ T AI4

12. 410 Cres
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3.5.] ].;U]IC' U'.,'_i.q T, "_'

The SI'S eonmisi,:: "of ":_ ]m]j _m pressurization sy,_;%,em, a propellant feed

_:ystem; a pr<)pe]]_n! L_:<u(,i_:dl_'_nd utJ]_ization system; and a rocket en_fine.

5lie fuel is a.oroz:h-::_,-_<) (A--I<)) and the oxidizer is inhibited nitrogen

tetroxffd<, (T_20)4), q._l<:?r{,:_;uri:!;jn(: gas it: he]_j,_A,Yl_.Fizv_re 3.5.1 is a

functional flow diau_:,_m <,['the S!'$..

75.5.2 vA %:_t"r _,r ",

Table 3.5.1 is a lJ::t:inC_.c)£ the T,ank and fluid comDc,nent materials ured in

the SPS. Wh_s lir_.:i.;.,_ inc,lu,.]<,.,-, materia!s which are wetted by the N204 and

A-50 in normal operatJ<_n and foi]owin G a :_:ing]e sea] or bellows failure.

qhble 3.5.2 defin<:s the comp:J,tibjiity of material used in the oxidizer

system and the r,'_,tJon:,,]e for the:lr acceptance. Refer to table 3.3.2 of

the CM RCS section for thm compatibility of materials which may be con-

tacted by the oxidizc_r in the event of a single fai]ure_ spill or leakage.

Table 3._-3 define_ the ccmpatJbility of materials used in the fuel

system and the rationale for their acceptance. 9_ble 3.5.4 defines the

compatibility of material_s whieh may %_e contacted by the fuel in the event

of a single failure_ spill or leakage. Necessary data on the following

materials are not available and testing has been initiated.

liecobalt and 54_ iron)

b. A- 50/i#J-Span-c reaction

c. N204/Te flon flan_v,ability

d. N204/Solder £1a_m_ability (96.5_ Sn, 3.5% Ag and QQ-S-571)

3' 5.3.1 _o_-_<'_:m_'..... : ...... RECUL,_,,TOR t,q<ra:f_T TI-?:-',

Pressure for the SI'S fuel and oxidizer tanks is provided by the helium

pr<_.,ur_zation subsystem. Tunk pressure is controlled by redundant two-

stage reuulators. ]_hilure of a primary stage of a regulator results in a

regulated pressure increase from approximately 186 to 191 PSI. Failure of

a secondary stage would not increase tank pressure. _ilure of both stages

opcn ..... "l ,_ -"

the flow rate through the failed regulators. The failure of both stages

open is consid.:red remote.

3- 5.3.2 RELIEF '_ ' "_

The pressua'e relief valver eonr:ist of a relief valve,, a burst diaphram and

a filter. ])iaphram ru]j%ure prer;,tur,a it 21[) t 6 PSIG and the relief valve

re]iew=s at 21F' ]_3IG minimum and 2o5 PSIG maxism_n pressure. JArring normal

system (q_er_,ti_n_ the burst alia>bran provides additional protection against

]-72



FIGURE 3.5,1. SERVICE PROPULSION SYSTEM
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Table 3.5.1, a_ SPS MATERIALS

PART N_4E

Helium tank

Sump tank

(Fuel & oxidizer)

Retention res:

Door assy

Screen assy

PART Nb_IBER

V37-347108

V37-342102

V37-342102

V37-470204

V17-470451

MATERIALS

6AL-4v titanium

6AL-4v titanium

6061 AL alloy &

Cres honeycomb

Titanium & Cres tubing

Tefl.on-_S-3651

Cres & 6061 AL alloy

Storage tank

(Fuel oxidizer

Door assy

O-ring

Seal

V37-343102

V37-470203

MD261-0001-254 & 258

V17-480217-9 & 7

lOO59-16-5o5

10059-5-705

6 AL-4V Titanium

Titanium & Cres tubing

MB 0130-027 (Butyl)

RAYCO Seal (Teflon)

GN 2 tank 119578 (Aerojet) AM 350 stainless steel
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PA].{T NlTq]!; PART _nl_,._l._"T,

SPS OXiLKZER PROBE

Flange base

Tube tower

Terminal Assy's

389660, 389(:,61

389653

384055, 386964 &
389685

Compensator 386548

Ring support 386380

C-ring outer 386381

C-ring intermediate 386379

C-ring inner 386526

Bracket R&th 389048-1, 389047-1

Ground tube assy 38709

Tube ground 389707

Bracket 389079

Inner Tube Assy

Tub% lower

Tube_ inner

Tube, Upper

Sleeve_ Upper

Sleeve, Lower

Sleeve, Center

Solder

Washer Insulator

Bushing, split

Spacer Grd Shld

Spacer collar 389682

Sleeve

Clamp hold down
Outer tube

Tel1_ tube & plug

389669

389665

389697

389666

386426

388974
388975

QQ-S-571

389679

389650

389683

f

389o82

389678

389686

389659

175

_A_ -,:,s-..AI.....

6061-T6 AL

6061-T6 AL

302, 303 Cres

Teflon_ TFE MIL-P-2296

Teflon_ TFE MIL-P2296

302 Cres'] _ hard: per

302 Cresl QQ-S, Class
302 Cres 302 Cond-C

302 Cres Passivate

per ?<_L-F 1L4C)<7'2_finish E 300

6061-T6

I!

3OO3-A- 18 W],7-T- 700/2

3003 H-18 Z_,7-T-7OO/2

3003-H- 18 _'- T- 700/2

6061- T651

6061- T651

6061- T651

SNI00

Teflon-TFE Type 2_ Class _,-'

Teflon TFE Type 2

Class G

6061-T6
6061-T6



Table 3.5.']_ _-, SRS _4ATER]AI,S.

PART i!N.I!< t'Al<f L_iildI_,F,P,

SPS OXIP,]ZER PR0_,E (c 'ntinu_-_d)

PT s_m:.:or :rapport assy 389690

Mount rin_; 389695_ 389696

Support 389101

Clamp assy 386989

Band clamp 386857

Buckle clamp 38o8),8

Collar ins_l],_ted 89682

f

Half collar 38908]-

Clamp spacer 388681

Spacer 1389703-1 thru 9

Cap scuff 386432

Pin Lock 386941

Tie bar 389046

Sensor ring 386419

Terminal 389330

Solder

Bushing, spacer 386517

Space r 386328

Stand off 386322

Brackett 386402

Sc rows MS 35275-14-17- 48

45 -47

Washer Y£- 15795-807

Lug terminal 388231

_I _ ,.hA i,,,}xTAL

TeI'lon-FEP

AL alloy per ],_,L-A....].k.[,_

Alloy No. A 356 Cl-_,ss ?

A <{rade "C"

301 Cres

302 Cres

Teflon FEP

Teflon FEP

301 Cres

6061 T651

Teflon FEP

Teflon - TFE

302 Cres

6061 T6

96.5 S/N 3.5 AG
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,i:_(: 3.5.1, d, SPS HAI93RIALS

A]W' N/'G% PART HU]'_]_ER

SPS Oxidizer Probe

(cont' d )

_in iLock

Wire lock

Cable clanp

Lug solder

Ins shoulder washer

Ins. tubing

Wire

Insulabor

SPS Fuel Probe

Flange.base

Tube_ tower

Bushing

Ferrule

Primary sensor

glass tube

Temp tube &

plug

Lug

Clamp ring

386941

M520995-C20

M5213221

386564

398830

12AOO6-HIL-E-22129

389291-2 and -i

389291-1

389713

389470, 339471

389468, 389469

389180

389281

339460, 389459

38968o
38'9651

388ll8

Clamp hold down

Rod spacer

386549

389450-1, 389483-1

389455-1, -2, -3, -4

MATER _TAL

Teflon

6061-T6

6061-T6

QQ-5-763 347 CRES

Kovar

52-460 Westinghouse

Glass Pyrex
Teflon -FEP

6061T6

2024

Teflon-TFE GROUP A

MIL-P-19468

2022-T35

2024-T4
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T_ble 3.5.1, e, SPS_.Z_ZRIALS

PART NAME PART _JMBE R

SPS I_WJEL PROBE

(continued)

Clamp assy

Band clamp

Buckel clamp

Collar insulated

Spacer collar

Clamp spacer

Point sensor support

Mount, ring

Plate

Ring sensor

Terminal Assy

Pin lock

Point sensor &

Tube Assy

Tube conduit

Snobber

Insulator tube

Point sensor

Comp assy

PCD's

386989

386857

386858

389682

386757

388681

339486, 389101

389695, 389696

389103

386795
339331

388941

389476, 389475

389006

389474

389213

389201, 389197,

MATERIAL

301 Cres

302 Cres

Teflon-FEP

Teflon-PEP

MIL:A-21180 A356 Class A grade

Teflon-FEP

5052 - H34-QQ-A-318

6061-T6

Kovar & Glass

Teflon TFE

3003 AL alloy - HI4

Teflon TFE

Teflon SEP

Epoxy/laminate

Type FL-GB-062C2/2

MIL-P-13949
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Table 3.5.1_ f, SPS}%A_RIALS

PART NAME PART h_]MBEYi _I_TER I_L

a

PRESS[_E TY_NSDDCER

(Wetted components )

Body

Seal

Seal

ME 449-0052

ME 261-0011

ME 261-0010

PROPELLA}_ UTILIZATION VALVE

(Wetted components)

Valve body & 483704

actuator assy

Bellows

Gate assy 483723

Lubrication Dixon 95-1

NI-SPAN

Teflon

Teflon coated V-ring

AMS 5362 D CRES, 347, 304,

440, & 304 CRES

m_s 5548 CRES

304, 347 A 410 CRES Teflon TEE

Flora-Carbon LUB

SPS E_GINE ASSY

Propellant line

Bleed line

Filter, Screen

Filter seal

Filter discharge

•AC_ lla196-11

AGC 112906

AGC 712135-5

A 58040 EI-235

V37-470-231

CRES 321

Teflon & CRES 3046, 321 or 347

CRES 347, 321, 3046 QQ-S-763

Teflon

CRES 3046
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Tsble 3.5.1, g, SPS_,_[ERIALS

Pressure port plug

Filter discharge

Pressure port seal

Propella_t Line

To S/C interface
seals

Propellant line
To valve seals

Orifice plate

Filter snap ring

PART ]_!t_BER

ME 261-0011-0035

_@_ 261-0010-0001

RACO seal

11900-3.860 &

_261-oooi-o155

RACO seals

10053-1 & -3

710100-13

MS 16631-4334

Bipropellant valve AGC 1155050-8

Spacer 1154672-1

Spring 1133790-1

Ball seal 1154272-4

Spacer 1154033-12

Ball seal cage

Bearing

Seal

Ball shaft

Valve ball

Shaft seal(RACO seal)

Washer

1154034-2

1132998-11

1132997-3

1154506-6

1153975-4

Coml prod

1155111-1

10066-1-684

Washer

Spacer

ii5429i-i

1155110-1

MATERIAL

Teflon

Teflon

Teflon on spring steel

Butyl "0" ring

Teflon on spring steel

CRES 321 or AL AL 606-IT651

CRES 304 Cond A QQ-S-763

CRES 17-7PH AMS 5673

Cres 17-7PH MIC-S=25043

AL all 606100-A-200/E

25 -Ii, Anodize MIL-A-8625 T

Teflon on Arm alon

Teflon AGC 44087

CRES 17- PH _{S 5643

Cres 17-TPH AMS 5644

CRES 307 QQ-S 763

Polytetra (teflon AGC 44087

Fluoroethylene or A_ 3651

CRES 302 QQ-S-763 cond A
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T_b]e 3.5.1, h, SPS }4ATER_LS

PART NAM]_] PART h_I,,IBER _TE, RIA_,

SPS ENGINE ASSY

Bipropellant w_Ive

(continued)

Nut

Washer tab

Shim

Expander

Seal spring

Cage Omnis eal

Cage body

Spring holder

Seal

Shim

Cage scr@w

Washer

Safety wire

Ball Cage

Plug

Seal retainer body

Helical spring

CAF screw

Valve cord

i153900-2

1154219-4

1131971

703873

i133788-i

CRES 304L QQ-S-763

CRES 301 MIL-S-5059

CRES 301 or 302 MIL-S-5059

CRES 347 QQ-S-763

CRES 17-7PHA_ 5673

Coml prod ARI0105-235 A 2N

1133795-5

1133792-5

1154272-4

1131971-62

A54476-632-I0

NAS62006

MS20995C20

1154035-1

i133037-I

1153883-3

1118955-1

i154289-i

0894-94

CRES 17-7 AMS 56144

CRES 304 QQ-S-763

CRES 17-7 PH MIL-S-25043

CRES 521 or 347 KIL-T-6737

or 6845

CRES

CRES

CRES

AL 6061-T6 anodize _SL-A-8625,1%_

I, CL I option alodine

MIL-C-5541, CI l,grade

optional

CRES 17-7PH A_ 5644

CRES 17-7PH AMS 5673

CRES from AS 4476-63275

AL alloy 356-T6
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• SPSY_'i_]I{IALSTable 3 5.1, i, .

PART_'_N_]!] I_ART ]_[JMBER MATERIAL

SPS ENGI_,!E ASSY

(Coritinued)

Injector's header

Valve to injector

RACO seals

Injector pulge plug

Injector purge

Plug seals

Lubricant

Combustion chamber

liner

Combustion chamber

To injector gasket

Con_ustion Chamber

to injector "0" ring

711525-17

10053-3

10054-3.93i

1121387-1

Packing AS8040

AGC 1123O11

i122981-1

1121358-1

Inj AL alloy 508341].3

Header AI 356-76

C - -ITeflon over spring ._tee_

CRES 347 QQ-5 -763

Teflon

FS 1281

Elastomer modified

Phenyl-silane impregnated

in silica fabric

Silicone Rubber

Silicone Rubber
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helium lea_:age. The relief valves ,'_resized to _cco:mmodate pressure in-

crea,_e fr<_,m _ny the-fro:t] sources such a_ soak-back from engine burns.

3.5, 3.3 T!]'_!,_.D-'I TANKS

Uhere are two heli_n rnlpply tanks in the SPS. These tanks have no electric:a]

interfaee_ or internal sources of tank pressure increase. The fue] cel.]s

are an external source of pressure and temperature increase to the tanks.

.This is insignificant during normal operations. _lel cell temperatures

are clo_e]y controlled and an overheated fuel cell would be shut down

%,eforc, it could cuu_e a significant pressure increase in the heli_n tanks.

The SPS tanks are partia]ly shielded by the radial beams and would not

respond to the F/C temperature increase in flight. The probability of a

helium tank failure is remote, in the absence of any significant sources

of tempe>gture or pressu'e increases.

3.5.3.4. _9_ mAEm_

Two N2 tanks are located on the forward end of the SPS engine. They supply
the N,_ for activation of the bipropellant valves. They have no electrical

inter_aces of sources of pressure increase. Rupture of these tanks is

remote in view of the high factors of safety and the absence of any sources

of pressure increase.

3.5.3.5 FOCALsD_ A_ro S_RA_ TA_T_S

The SPS fuel stmlp and storage tanks are located in sectors 5 and 6 of the

service module. _e pressure control and relief capabilities are discussed

in paragraphs 3.5.3.1 and 3.5.3.2. The only internal source Of pressure

increase is the gauging probes which are discussed in paragraph 3.5.4.1.

It is concluded that the probes are not a significant source of temperature

or pressure increase unless ignition occurs.

Failures were experienced with the tanks during the program development.

These were associated with the use of methol alcohol in the tanks. Exist-

ing process control prohibits the use of methol alcohol in the tanks.

_ese tanks are considered acceptable in their present application in view

of the absence of a single failure which would significantly increase the

tank pressure or temperature. Corrective action has been accomplished for

all defined failures.

3- 5.3.6 pXIDI_R SU_<?PAhUD STORAGE TANV_

The SPS oxidizers sump and storage tanks are located in sectors 2 and 3 of

the service module. The pressure control and relief capabilities are

discussed in paragraphs 3.5.3.1 and 3.5.3.2. The gauging probe is an

internal source of pressure increase and is discussed in paragraph 3.5.4.1.

It is concluded that the gauging probes will not cause a significant

temperature or pressure increaseunless ignition occurs.
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6

']hnk failures experiencc',__ duri_ program, deve.!oDmc'nt ',,d_.rea;_;_:.oc:;ui,_:] w] !i_

!he u_',.;of met_1oi alcoi_o] and uninhibited $204. Process ccn._trol ch_nc,_:'.
_nd +he use of inhibited N O, have been inr.:ti'tute.das corrc_,tiv ,_ _,-slor4_.

- 2 4- " "

q_.ese tanks are considered conditionally acceptable in their prezr-nt up]<!'-

cation. The only reservation is the possible fla_m_ability of teflon in

the N204. There are no other single point failures _hich would Significantly
increase tank "_ress_e or temperature.

3.5.4 EIEC'I_!CAI, CO_,_O_

The following electrical components interface with the propellant feed

system. Table 3.5.5 is a summary of the electrical characteristics of

these components.

3.5.4. i _ROPELLAI{T GAUCING_PROZES

Each of the SPS propellant tanks contains a probe assembly for quantity

sensing. Propellant quantity is measured by two separate sensing systems,

primary and auxiliary. The primary sensors are cylindrical capacitance

probes, mounted axially in each tank. In the oxidizer tanks_ the probes

consist of a pair of concentric electrodes With the oxidizer used as the

dielectric. In the fuel tanks_ a pyrex glass probe, coated with silver

on the inside, is used as one conductor of the capacitor. Fuel on the

outside of the probe is the other conductor. The pyrex glass itself forms

the dielectric. The auxiliary system utilizes point sensors mounted at

intervals along the primary probes to provide a step function impedance

change when the liquid level passes their location centerline. Figures

3.5.2 and 3.5.3 are exploded views of the fuel and oxidizer probe assem-

blies. The system is powered only during SPS burns.

A hazard analysis for shorted voltages in the sensors of the probes has

been performed and is included as appendix "a." A hazard for fuel probe

leakage is also included as appendix "b." These analyses conclude that

the power available at a shorted sensor cannot cause a significant tempera-

ture increase to the thermal mass of the probe assemblies unless ignition

occurs. Kovar is used which could act as a catalysis for decomposition

of A-50. Test is required to resolve this _lestion.

3.5..4.2 _MA°ERATURE I,_ASURE}_NTS

Temperature sensors areprovided on the fuel and oxidizer tanks and lines.

They are bonded to the tank or line exterior and do not introduce additional

materials to the fluid systems. The sensors operate at 2 milliamperes at

0 to 5 volts and are not a significant heat source to the system. The

signal conditioners operate at 30 milliamperes maximum and are fused at

0.25 amperes.
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D"ID_]')]._+T" T /_T, Tr_ _+ " , "_ i;+7- m-rT , _+ _r'_

+]_+Je prof,,e-Llant utilizati<n valve is located in the owidize:r line a:++ -is

l_<.:edto, control the oxidizer to fnel ratio during 2I:S 0urns. k%e d_ectric

motors and gear train are isolated from [;he I{204 by redundant l)ell(r+:sas
_!hown in figure 3.5.4. The bello_,_s have a burst pressure greater thr_n

1200 PSI. _e failure of both be].lows is considered remote, qUmer_ IL_=_..

l)e(_n no bellc>w" fail_Lres _in the PU valve development. T%e motors _._:'

de._igned for an nor_,_a]_ly operate with locked rotors. 9?he two moto_"s

and the control (electronics operate at approximately 12 watts and _-n_e

powered only dua-ing SPS burns. _nis is not a si6nificant heat input into

the system.

_. 5.4.4 __+___/+_S_

A cross-section of the pressure transducer body is shown in figure 3.5.5.

'l_m diaphram is integrally machined and has a minimum burst pres,++u_'e of

po=. Failure of the diaphram would expose only the strain gau6es1500 -_T

to the propellants and is considered remote in view of the high i'e+ctor

of safety. Failure of the +seals would expose propellant to the outside

and not to the electrical components. The sensor operates at 2 milliam-

peres and are not a significant he_t sourc_ bo bh_ _uy_bum. _11_ L:U_,e_.,t

iS limited to 15 milliamperes by diodes in the signal conditionero _[he

body of the transducer is Ni-Span-c which could act as a catalysi. -+ _?+or

decomposition of A-50. Test is required to resolve this question.

e

3.5.4, 5 LI}_ HEATER_.

SPS line and engine heater installation is shown in figure 3.5.6. A

simplified electrical schematic is shown in figume 3,5,7. The heaters are

laminated between silicone impregnated fiberglass layers. The assemblies

are bonded to the lines _th RTV silicone. _Tnen on_ they produce a

temperature increase of approximately one degree per hour. They are

manu;ul!y controlled to supply heat to the system if required. Their use

is not required during normal mission operations. If left unattended _n

the powered conditio% they could heat the propellants and produce some

increase in tank pressure. This unlikely event could be accommodated

by the pressure relief valves. The failure mode is for the resistance

element to fail open which does not constitute a hazard to the system.

3, 5.4, 6 BII_ROI_EL_I_T VALVES

Figure 3.5.8 is a cross-section of the .....................u±pro_+_±_++u v_v+ +_+_+_g_+_"+_,_,_

oxidizer and fuel parts. Valve position indicators are operated by the

gear rack and are isolated from the propellants by six seals. The large

themnal mass of the valve assembly prevents any significant temperature

increase from a shorted transducer. Valve operation is by N 2 actuators
and does not involve an electrical interface with the propellants.
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.p. _!T!F,]I,_[,}<" { (,_!,_ 111;,I,,'/ ', ,_ "F<-e.T,Tpr.J . ..... h L_- J,_

'.!?b,. <_nly _nr,:::,<lw:d i,<=:uer, on the ,<IP_ are thoce oi' m_J,turJ.a! compatibility

_:cc note] :]_J i. lJ.;!. ()I > ])urb_c:ul;Tr c,.oncern is the lack of data on the

eoml,u::tit,:i I i t.,;y <,:,+'-teflon in :_7-707i. _T._f.!.on is used extc.nsively in the

{7;_';:Lr<y])roi._<_,+ridit,';_]>p]ico=tions should I_(;revi_wed after flamm,'_-tbilii-,y

ternUs <,>_i l,h<, t-_ F]_on Jn i7201i.
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STRAIN GAGES BO_DED'
TO DIAPHRAGM SPAN C

_6__iii I o SEAL

(TEFLON COATED V-RING)

\

\\

\ \

\

ME 261-0011 SEAL

(TEFLON)

FIGURE 3.5_5. PRESSURE TRANSDUCER BODY
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PITCH

ACTUATOR

ALUMINIZED MYIAR INSULATION,
INSTALLED OVER FEED LINES
FROM BIPROFELLANT VALVE TO

SU&IP TANK DOORS

)

VI_'_

SUMP
TANK

S31HR]4

OXIDIZER

STORAGE TANK

S31HRI7

OXIDIZER

SUMP TANK

'I

_ FUEL STORAGE

J TANK

FIGURE 3.5.6. SPS HEATER INSTALLATION.
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3 •6 J'_v,C]!AUI Ci i, ......q_'_

3 • 6.1 F,\_]',;C_!"FOT_AT, 1%'P''.CRT ;-_T'1"C)7T

The CSH meehc_nical system inc]_ides nitrogen supply t_A:_ for several

functions and a I'ire ...._......... "-__,.t]._.,_u_h_r. 'l_e presstu_e vessel ch_racteristics

are s_;._m:iz,ed in t_R,le 2.0. Tr_i_ materials ca_e listed in table 3.6.1.

3.6.2.1 SIH ON T:';il_
__ .......

The SQ,_ qN tal_-_is located on the X = 264 SlIM shelf behind the panoramic

r_ supplies GN 2 for the S]],_
Scamera a,s theban in >_,_ _"I__a e 3,6.1. _ne ta_ik

cameras. 'l_ere are no int,er_ai compone_rbs or electric[_l interfaces to the

t_k. There _-e no external sources of temperature or pressure increase

for the t_mk. The ts_i_ is acceptable for its application as it has an

adequate factor oi' safety and there are no siLu]ific_t sources of pressua_e

or temper_t_re increase.

_. _ _-3.6.2.2 Dockin_ lh_obe ON_

There are four GN_ ta_J',s in the docking _robe. Each ts_]k can provide GN2
for a probe retraction. Figure 3.6.2 il}ustrates their i_stallation. The

design mission requires only two retractions. There are no internal c_-

ponents and no electrical interfaces to the ta_J_s. There are no sigu]ifi-

cant external sources of temperature or press_e increase for the tanks.

The tanks are acceptable for their application as they have a factor of

safety greater than 3 and there are no significant sources of tank pressure

increase. The only fai]._es associated with the tanks were leakage of

components down stream of the tsmJ_. The tanks are sealed by a welded

diaphram which is pierced for a probe retraction and do not have a failure

history as components.

3.6.2.3 Side Hatch G1_q Ta_.s

There _e two G_ taraks in the side hatch counterbala_]ce to assist side

hatch opening. _igure 3.6.3 i!l_ustrates their installation. These tanks

are identical to the docking probe t_auks except for an end support fitting.

_ey are acceptable for their application as there are no significant

sources for temperature or pressure increase. The tanks have a factor of

safety greater than 3 and have been subjected to handling tests which

demonstrated impact resistance. Charged tsauks were da_opped !0 feet onto

concrete -_:ith no dc:ma_e.

3.6.2-4 Fire F-, " _ "

A fire extinguisher is located in the CM cabin. The tssi_ is charged _rith

a _ater jel and "£reon 12" A pol}_thele_e l-}ladder separates the charge



fr<_ the expvdLsioncbarce of "freo:_ 12 a_d ]15.!' There sre no cI¢_ tri,_l
_i.nterf_.:cesor spark mechanismsf_r t!_,et_nl_°

Nomr_ally; there are no e:'_ternal _;o_mrcesof tempcratuT'e or prc:ssu_o !no;teas<._,
Any fire for which the extin%rLsher is required would l_e a so_Irce <>iheat.
The extingt_sher is provided with a rup%_medisk which assuagesagainst
overpress_zrization of t]_e tank. _e mezimu_ rupt_J]_e disk pressmre is

375 psL and the ts_ik has a bluest pressure of 1860 psi. Rupture oT.....

disk du_nps the water jel into the cabin m_d does not harm the _[ materials.

T_oe tank is considered accepta!_le for its present application,
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Pratt NLune

] <r(_StiLlre Ve sse]_

S]M GN 2 Tan2

K Seal

Fitting

i., Nut

P/T Sems or

Shell

Pressure Vessel.

(',H2 Docking lh'obe

Diaphr_i

}h-essure Vessel

qN 2 Side Hatch

Diaphram

Fire Extinguisher ,

Pressure Vessel

Bladder

_large

Table 3,6,1, N_terie]s_ P]ech_nieo_.l.System

Part l%J2ab,_r Ma£erial

1_i 282-0051

12100 PA4

V_7-460106-3

MC 174-CIOW

i@] 449-0124-0002

6499-7

ME 901-0697-0005

17-4 l_t Gold-Plated

3041

CITES 316

NI-SPAA_-C

6AL-4V Titanium

718 Inconel

ME 9oi-o697-ooo5

_,_, 282-0052-000l

CRES 304L

718 Inconel

ME 282-0010-0003

0RES 304L

Inconel

Polyethylene

Water Jel/Freon 12

and I15
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! :

LASER ALTIMETER I
BY RCA

MULTI PLEOPERATIONS MODULE-

FILM CASSETTE
EVA TRANSFER TO CM

GN2 BOTTLE
II_
I i

GN2 CONTROLS

EVA FOOT RESTRAINT .i,

PARTICLES AND FIELD_-_-_
SUBSATELLITE BY TRW

GAMMA-RAY -_:-]i

SPECTROMETER_ .'_'-:_ !_!
BY JP I_._

--'-_:L;LLT_!

I

PANORAMIC C#_4ERA
BY ITEK

PAN CAHERA
FILM CASSETTE

--; EVA TRANSFER TO CM

MASS SPECTROMETER

.....BY UTB

ALPHA AND X-RAY
SPECTROMETER

_BY AS&E

FIGURE 3.6.1. GENEP_L ARRANGEMENT, SIM BAY
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COLLAR RE'LEASE
HANDLI. (L/_ SIDE)

PXI"E_D LATCH

INDICATOR (RED)
\

CAPTURE I_TCH

RELEASE (LMISIOE)

\

CAPTURE

LATCFES (YELLOW1

ON
SELF LOCKING LATCH PRrlOAD

EX]ENSION LATCH HA,_DLE

P-4 CONNECTOR (YE{

"ENSION LINK

"ATTENUATOR ASSEMBLIES

• N,, PRESSURE

' / " TANK
/

.... _"-r_/// _//_ / i.%S._ _.:::,h\:

......... - _"" _-_:,._.:._,_.'_ c:,.-.-...3.:.::.:....-..:::.T._7;>:_ 4-T-?T.T.:"L.'.TY'.T............. -_',:Z,'7"i ',,_:,'":;_

\- II---=;--_:--._, l_j_r_ ........................_,_;::.........................._,

"_'.. --. ,_ "] " . , ,'W:......'..'.'.'....'.'."..'...'.'..::::: ':'.;.'.....:.;..--..:-:. : :.... T :,::,,_._--,,,L..... __ J.,.........................................................................._ ,,,,._
' I r"--'--- -- ; ......................... ".'.'.'.','-.'.>':-::':'::->>>:':':'>:->:-: :"'>:'>>:>:'>>>>:: - ] "_;_ _ -.

___ _L loJ ,CYL_NOER
¢

FIGURE 3.6.2. DOCKING PROBE ASSEI,IBt.Y.
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ORANGE-

Loc_. P_N LOCK_IN

'_ NOT'SHEARED SHEARED
_ LOCK PIN

-"T,__4/,,_.."///,_,4_,

I""////_..,b .',,,," _ ".,-"'.,

YIIIOW

RED / ORANGE°
BLACK _ / yEllOW

PiN
RESET

GEAR _OX
SILECTOR

DETAIL _

WHITE 2500 GRrEN

_AFETY

PIN

GN2 P;'_ESSURE
INDICAICR

FIGURE 3.6.3. SIDE ACCESS HATCH.
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4.0 ])A_'&_=CE )OTE]:iT_T_AL

I]_!RO!i[JCI.ILYON4. !

An inw:stigation was initiated to estimate the damage which wou2d be

produced Ly the structural failure of a pressurized vessel in the Co_maand

and Service )_odules. The C8)4 cryogenic oxygen tank is being investigated

by Team _ I and was omitted from this investigation. Because a thorough

in vestigutiom woudd require substantial amounts of time and money, the

investJL_atio_J Js l_huited to gross assessments of expected damage. Ass_nJag

a tank fa:ilure_ (!alcaidea_sessments are based on the expected failure modes,

the stored enercy of the tank amd their proximity to essential equipment,

crew_ or other pressurized vessels. Failure mode data from actual planned

or inadvertent tests are included for comparison.

Fmch tank _as assm_ed to contain limit pressures and be at a high ullage

condition. Failure modes were obtained by fracture mechanics which uses

a critical flaw size to predict whether failure would be by tank fragmen-

tation or tank leakage with no fragmentation. The frao_mentation mode was

subdivided into predicted fra_7_ent sizes; a tank that would split into a

small n_m,lber of relatively large pieces is referred to as a rupture failure.

A failure that results in many small sections is termed a fragment failure.

The distinction between these two rapid failure cases is based upon the

tank i_te_jial properties. Tank failures that result in leakage only are

not considered to cause mechanical damage and are included in this investi-

gation for identification purposes only. Tanks that rupture are assumed

to produce lJ_mited shrapnel with the prJi_ry damage resulting from pressure

forces. Frac_mentation faill_es produce damage by pressure forces and

shrapnel. It is noted that most tanks _ili fail in a fragmentary manner

if any of the three fo!lo_ing conditions exists: (i) pressurized to burst

pressures, (2) penetrated by a sufficiently large particle, or (3) the

tank material is weakened by thermal or other environmental processes.

Very little data were found which could be used for estimating space

vehicle d_,lage caused by a pressure vessel failure. It is apparent that

tanks with stored energy equivalents of several pounds of T. N. T. would

produce catastrophic failures of a space vehicle.

For stored energy equivalents of a fraction of a pound of T.N.T. (which

is the case for several tanks in the CSM and IM), estimation of damage

becomes more difficult. Tanks _ith low energy levels could conceivably

rupture or fra_aent with little resulting damage if ideal conditions

sr_±_d. For _ _im_u uam_g_ presented in this report, the

assumption was made that the tank exhibiting a fragmentar%_ mode of

failure will produce shrapnel that penetrates surrounding equipment and

structure.

_%_o previous tank failures were used as a basis for estimating damage

produced by tanks baying fractional T.N.T. equivalents. One failure was

a "hydrostatic" test of the SPS fuel and oxidizer tanks of S/M-OIT.

A summary of the test condition and damage follows.
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A fuel. t_nk rupturt:d under a p:!:'essureof

_L!_]_ro>:i.T_m_ely2;_-0psi _,_th an ulltace of 4o3_. This Dre:_sure and u]l<f<e

_;ol,_l<]tel)resent apln:_/J[, tcly 0.134 pot_mds of T.I'[.T. 'i'h_:['aJlure J..__:itiate<]

_t _).i_x)Ini_weal below tLe liquid level r_pt_arlng the lo_,rer re5{io!_ Jn o

several large pieces. },_hen the failure reached the ullage ares., %]._edome

of the tank fra_nented. Shrs:pnel and blast forces from-this tank failure

_nitiated a fai!t_re of an adjacent oxidizer tank. The oxidizer tank also

lad a potential of .134 .pounds of T.N.T._ thus the cord)ined potentie0 _J.s

.264 pourk[s of T.N.T. Ds_nage to the service module was extensffve and

under mission con_lltions would have resulted in total destruction of

the SM and possibly the CM.

One additional tank failure which had a fractional T.N.T. energy equiva-

lent was used in damage estimatic.u. _is _as a tank failure which occurred
v • •in the Structures and _mchanmcs L_boratory in 1965 (reference 7). A thin-

walled 301 stainless steel tank failed under a pressure of 1337 psi and

an ullage condition of 1.7_ representing a T.N.T. energy equivalent of

approx_nately .019 pounds of T.N.T. The tank that failed was submerged

in a water bath in a second tank for the purpose of obtaining volu_etric

changes. The tank containing the bath had a f!angee cover from which a

graduated glass standpipe extended upward. When the inner tank _._up_u_ed,_+ _

the bath tank ruptured_ sending the flanged top approximately 25 fee%

up_rd to the building roof s_ructume, bending a steel "I" beam (6" %"F
15.1 wgt) and coltmm buckling two steel T sections. The T sections _ere

formed by bolting together two angle sections, 2" X 2", 3/16" thick.

Also_ a sand bag protection barrier around the tank was toppled.

The structural damage caused by these two tank failures with energy

equiw_lents of a fractiom of a pound Of T.N.T.; together }_th analysis

perfoz_ed in the references i through 4, were used to estimate the damage
capability of rupturing tanks.

Estimated damage is discussed in each of the following sections on the

Service Module and the Command Module. Included in the discussion of

each section are tables listing the ta_ks in a descending order of

potential damage capability.

In addition to the above failures; data from reference 3 conclude the

following. Reference 3 documents the results of a study by Southwest

Research Institute on the damage potential associated with an SPS helim_

tank explosion in the I,_SA _68C Vibration and Acoustic Test Facility. _e

conclusions of this report state that there is a high probability of

_,o_v_ _,_o_ and _'_ ..... +_'_+ th _ _+_._ _o o_ +_ _,,_s_g

wo_d be b!o_m off and that the C_{ would self,rate from the SM.

In order to calfbrate the reader on potential damage associated with

explosions, data are presented in Table 4-1 to show representative

explosive devices T.N.T. equivalents.
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.l£J__', 4-1 _ ' "'-'"" . .. -'0" " _i .... T-_

.I'IXi_LO(:17\_ ])[,]VZ¢i0

"4'4 _ (-,.= " , i _'ill_;r or ]_i]7'ooff'_( ]tfT]7,

"" ' ' }{iY]e, Ca.ftridr_o

• -,- , :, i,_] Carti±dd{.;m

-_7<,. :' "l_,'tFj_o [-_]_<:4"i"r- (]'t],_

•]<' ".....I_;,]i[]ifle Cari.ridge

•5<' .... i_'t]]_ ],_GCartridge

=,. ,., -,:<l>rojeotile

;I,_(]- " '.'_,_,itmntati on ]{and Cren'a,ae"

On{; : ; ;,k (one Ib) lO0_, Gel. Dynamite

An<;.: . k _[ine

L]7. TT' '"• .7._ EQUIV.

O. 000092

0.000232

0.000563

0.00127

o.00480

O. 0226

o.o_5

o.z25

i

5
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T.N.T. equivalent _,_lues are calculated by the folloudng equat!o_;
_

Tank stored energy .....

For P2 : 0
PV

E : _T_I

Use 1.4 X 106 Ft-Lb/Lb T.N.T as heat explosion of T.N.T.

Then T. ILT. equivalent of pressurized tank is

E PV

T = i._ X :lO6 : _-/__) Lb T.N.T. equivalent

= ratio of specific heats (gas only)

4.2 D!SCUSSI0}T

4.2.1 SERVICE _,__O.E

The Service Module tanks included in this examination are tabulated in

descending order of potential d_age capability in Table 4-2. Included

in this table are tank identification, quantity of tanks; failure mode

(based on limit pressure and fracture mechanics) limit pressome, and

T.N.T. energy equivalent. The T.N.T. values for the tanks were computed

using limit pressure data and a i00% ullage condition.

4.2.1.1 SPS He!iumTanks

Of all the SM tankage, the centrally located helium pressure tanks for

the SPS have the msmImum potential damage capability. Failure of either

of the SPS helium tazJ_s will result in an initial explosion, equivaleot

to approximately ll pounds of T.N.T., which is expected to p_opagate
Dfailures in the adjacent helimm tank and fot_r SPS propellant tanks. I_

resulting total explosive force, approJ_inmtely equal to 43 pounds of T.N.T.;

* would destroy the service module and could be catastrophic in that the

CM could be destroyed by the explosion or by s_mapnel penetration of the

pressure cabin. Examination of data taken from the test failure of

S/C-O17 SM indicates that a low T.N.T. energy level can cause extensive

structural damage. The calculated combined energy equivalence for the

two low ullage (4.3% ullage) tanks was .264 pound of T.N.T. In the event

that the _4 _urvives the explosion_ dammge to the aft heatshield and

separation controller could be catastrophic to CM reentry.

4..2.1.2 S_ lh_opel!ant Tanks

The four SPS propellant tanks have approximately equal potential da_mge

capability. Failure of any one of the SP_ propellant tanks could L......_a _-_e

{l]rlpirical data on efL ect_ of internal explosions in aircraft show that

i ib of T.N. To detonated within the fusela_<e of a_y ]<_,_ownaircraft <<Y]I

completely der_m!ish the f_selage. (reference 3).
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TABLE 4.2.--SM TANKS I_ISTED IN DESCENDING ORDEROF POTENTIAL DAMAGECAPABILI-IY

Pressure vessel
IQUAIqlily I F_ilure _

REQUIREDi Hode

Press,.,re tank

IIelium

SM/SPS
Propellant Tank
Oxidizer Stor_-ge

..S!!L.sms
Propel!_nt Tank
Fuel Storage
SM/SPS
Propellant Tank
Oxidizer Sump
sM p_s.
Propellant Tank
Fuel Sump

Pressure lank
Hel i um
SM/RCS

Tr-ess ure. Tank

1

Cryogenic Tank
LOX
SM/EPS

-C'_;o-geni c Tank

Frag

Frag.

Frag.

Frag.

Frag,

Limit
Pressure
PSI

3685

225

TI<T IEquivalent

I0.960

4.414

225

225

225

4 Frag. 4500

GN2 2 Frag. 2900

Pressure Tank Pan**
1 Frag. 4500

Camera GN2/S N
I L -- fill I i ,

Propellant Tank

Primary Oxidizer 4 Rupture 248
SM/RCS
Propellant Tank
Primary Fuel 4 Rupture 248
SM/RCS

2 Leak 1020

285

15003

LH2

Pressure Tank

, I _ GN_

_]ant
Secondary Oxidizer
SM/RCS

-_]lant Tank
Secondary Fuel
SM/RCS

4

Leak

Leak

Leak

Leak

248

248

4.414

4.414

4,414

0.362

0.051

r

0.593

0.062

0.049

l .215

O. 489

0.259

0.039

0.032

* Failure mode estimates are based on limit pressure conditions and
fracture mechanics _s prescribed in "Apollo Command and Service Modul_:
Pressure Vessel Operating Criteria Specifications," SEV-O028, G. M.
Ecord and S. V. Glorioso.

** Experimental cailiera for J mission.
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fa:[lures in t!_e re.Y_in:'.u!__!_ propellant taT_hs ,_nd ]>:,:;r_ih]y tL(:-SP_: IJ]_u::

t_nl_,o_ caq_iP,_. a'_) exp].o_:io,, _, '_.pDrc_'xi::_te]_y equ.al to IF_ ii::,':,uPdr; u'.' _]',_';,T.

The _]mT_age to the C#M _,.,i11 be equivolent to the G_magu" demc_'.i.ptio_ co_l-
+..ained in the dJscursiom of the S_ l_eli_l tanks.

4.2.1.3 RCS L(:.L:.Um_ _" Pres._:ure _"].ur.:sl

Failure _=o.,_a_- oT_e of th_ /'our /_CS helium, pressure tanks coul& -pl_!:uKate

a failure in the adjacent SP;-]prope].lant tank.

4.2.4.4 Pre,_;_ure '.1:'_- _,' OT_.-.

Failure of either of the two _.TC_,]2 pressure tanhs could propagate a failure
in the SPS propellant tanks.

4.2.1.5 Pressure Tank Pan Camera G_

Failure of the GN 2 pressure tank for the Pan Camera carried in the scientific

bay during mission J (Apollo 16) could propagate a failure in the SPS pro-

pellant tanks.

4.2.1.6 RCS Primary..Pro__.e.!lant Tank

Failure of one of the four ECS pr£_Lary oxidizer propellant tanks or of one

of the four RCS primary fuel propellant tanks can in the worst case fail

the adjacent SPS propellant tank. A rupturing tar_, as we have in this

instance, will possibly fragment into several large pieces. The probsbi!ity

of impacting the SPS tanks, although not defined, wotuld certainly be s:_-miler

than in the case of a fragmentary failure. A minimLm_ _amage estimate,

assuming the SPS tanks are not fai]ed, would involve possible Io:::_of

adjacent tubing, electrical wiring, RCS quad and any equipment _n the

path of the fragment trajectories.

4.2.1.7 Remainin_ Tanks

The remmining tanks, LOX cryogenic tank, I_2 cryogenic tank, F/C pressure

tank, RCS secon&ary oxidizer, and RCS secondary fuel propellant tanks, fail

_n.......;_ _._ _._._" at _.__......_ pz'c.ss_'es, which is not co_sidered as a blast or

shrapnel damage hazard, but as a possible material compatibility problem.

4.2.2 __A._GEAGE

There are approx_znately 20 pressure vessels contained within the A_l!o

Co_and Module. The fire extinguisher, hatch pressure assist, a_d the

docking probe pressure bottles were excluded from this d:iscussiom due

to small T.N.T. equivalent values and large design _%arg_ns.
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'_!ier<'mair_i_g tar,]:s ure listed in T_ble I!-3 in a _]escendiag order of

]r_tembi"d J_uTmge c,'_patq.l_ty. T]_e table pr<:en-tr', the prooa],le failure

:code_ .l_mit_ pre::sure and T.N.T. energy equiva.lc, nt. Z_lis order was esi:,ab-

].!shed on the loc:&lJon of the t_nk within the (_:I and the factors presented
in the tab.le.

The guide used to compare the severity of damaged caused by a tank failure

were as follows:

i) The mor:t severe d_nage would be direct body injury to the

crew cuu_e£.%y _JLrapnel or by rapid decompression.

2) A second order of severity would be penetration of the crew

compartment causing a less rapid loss of pressure.

3) The ].ea_!, severe derange to the CH _ould be a failure causip_

the loss of a system or systel_.

4.2.2.1 Helitur_ }Measure Tanks - RCS

'_e two helium tanks are installed in the aft equipment bay within inches

of the pressure cabin sidewall. This side,all is of aluminum sandwich

construction about one inch thick and would provide little protection

_gainst shrapnel penetration.

'lhe helium tanks are fragmentary type vessels and have a stored energy

cquiva!ent to approximately 0.14 pound of T.N.T. Should either of these

tanks fail_ relatively large holes would be made in the pressure cabin

resILlting in rapid decompression. However_ because of shielding of the

crew members by equipment bays_ the shrapnel hazard is estimated to be

slight (references 4 and 5).

la addition_ it is expected that a failure of helilun tank 2 would rupture

the two adjacent RCS fuel tanks _,_ithdamage to the RCS fuel and oxidizer

tubinf_ and wiring routed through the frames behind this tank. ff_e fire

_'aused by RCS fuel and oxidizer mixing co_ald be catastrophic.

4.2.2.2 Ox_jgen Surge Tank - ECS

The ECS oxygen surge tank would be hazardous to the crew should it fail.

This vessel is located within the pressurized crew compartment and is

:installed .in the left-hand equipment bay approximately 18 inches from

Lhe nearest astronaut. Analysis shows that this tank will fail in a

r_pture m_de_ suparating into large fragments. The close out panel would

_,i'ford little projection for the crew against shrapnel. The panel itself

,'_mld become a missile due to blast pressure.

i_ addition to the hazard of possible direct injury to the crew, it is

_,robable that the crew compartment will be rapidly vented due to shrapnel

l,_:laSblown through the cabin sidewall or by rupture due to blast loading.
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" E. CcLDING ORDER OF POTEIiTIAL DAt,IAGE i ",'_"TA,,I..1! 4.3.--CI,'I TANKS LISTED IN D-S '-' ,It<)li I,,','

t

Pressure vessel

Pressure Tank
He I i um
CI4/RCS

Quantity

2

Mode

Fragment

_t

L 1 iill t

Equivalent
I.BS

0.157

Oxygen Surge
Tank 1 Rupture 0.192

.......
Oxidizer

Tank 2 Rupture 0.056
CM/RCS
Propellant
Tank 2 Rupture 0.047
CM/RCS

-C'_FiH Repress,
iOxygen 3 Leak 0.062

-o-ics
Reservoir l Leak 0.002

CM/ECS
"Potable Water
CM/ECS 1 Leak 0.008

2 Leak 0.015

Pressure
PSI

5000

I020

360

360

1210

6O

50

60

4500

"_'1"40

Leak

' t.eag

Waste Water

C ZEC,S'
Life Raft
Pressure

-C__zcli c Accum.

0.027

Failure mode estimates are based on limit pressure conditions and
fracture mechanics as prescribed in "Apollo Command and Service
Module Pressure Vessel Operating Criteria Specification," SEV-O028,
G. M. Ecord and S. V. Glorioso.
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All of the propellant _id oxidizc:t _ tasks of the C_.f/RCS are located in the

aft equipr, ent bay and Lave approximately the same stored energy (.05 po_.md

of T.N.T.). The damage caused by the failure of any one of these tanks

will be characteristic of eac]_ tank.

All of these tanks are asst_ed to fail in a rupture mode under the con-

ditions specified in t]Je introduction of this section.

Like the RCS helium taj-fi';s,'all of this tankage is i_stalled within inches

of the c:_:'ewcompartme,_t side_i_ll, with a danmge .potential of frag_.ents

penetratin{] the crew compartment sidewall resulting in rapid decompressfor_.

IIowever, if catastrop_c failure of the crew compartment does not occur

there will oe considerable damage to the tubing and wiring bundles ir_sta-Lled

in the n:f'tequipment bay. Failure of these tanks could result in damage

to both RCS fuel and oxidizer tubing for syste_ A and B. A minimmn dam-_uge

estimate would be the loss of one CM RCS and a maximum d_.r_age estimate would

be a catastrophic fire caused by mixing the fuel and oxidizer. Shrapnel
hazards to the crew are estiraated to be mini_.rml.

Failure of system 2 oxidizer tanks could resuZt in damage to the tubing

and wiring which connect the SM to the _,_. This could result in complete

loss of the S_'s systems resulting in the inability to separate prior to
entry.

_he prox_nity of the propellant tanks to each other and to one of the

heli_ pressure tanks provides the same type of hazard as discussed in

the failure of the helit_ tank. These taffiesare within 12 inches of each

other and the failure of either tank would probably result in the failure
of all three.

4.2.3 R_ff_!N!NC TJl)U_

It is predicted that the three cabin repressurization bottles, the water

glycol reservoir, the potable and waste water tanks, and the two life raft

pressurization bottles will only leak when subjected to limited pressure;

therefore, they do not present a significant hazard of damage to other

structures or systems other than by contamination.
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!,:t,:i_l_hes of struetur::l damageto the SHand CMproduce_ioy pr_-s,",_r_,ves_:___
l'_,llur_:s were madeby compaz.i2_,gihe energy levels of these tar_k_ w;_',,_,,
:.,,]e_t,ed low-.energy tsnh i'a_l'ua-edata. The majority of the _-_l,ia_,d ],i,i
t,',n]'.': ha_e the energy c'.apac.ityto cause massive _t_,c "_u.,tu,_e,,1da1,_a_e_. _e
oxygen surge tank_ considered to be the most hazardous Ci',_tank_ pre_:ents
•_ sjgni£icant ,_hrapnel hazart_ to the crew. q]-lecover panel of t_le ,_'urge

-t_mk eompartment will likely add to the tank shrapnel hazard. 'Ibis panel

could be dislodged by the tank's rupture and could become a missile _ithin

the crew compartment. _e i'ailuk_e of any of the hlgh energy Ci,_tot.ks

could result in rapid decompression of the crew compartment and dam_e to

tubing and wiring. Both fuel and oxidizer tubing and wiring are i1_stalled

_n the aft equipment bay with these tanks.

Because of the large damage capability of the CSM tanl_age, it is recom-

mended that all tank acceptance criteria_ test and chechout proeedtu_es and

operational procedures be reviewed and improved to insure all tankage is

satisfactory at acceptance and is not degraded d_i._g usage prior to flight.

Of particular interest is the 02 surge tank which has ]0een accepted (by ,_,_

action) with porosity as large as .014"_ if in the weld. This criterffa

should be reviewed to insure its acceptability.
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L, t)±_',, I :, J ;.._r_. 0 "'I f" .... " T'_' .-.']"07"i__C]_a

_i]_efollowing concitLsior_s are based on the results of the dat_ review

acco_J]ished during] the Panel 6 activities an(_ discussed previously in l<hi_::

report. All subsystem and co_.._onents revie_¢ed are considered _cceptab]e as

is, with the exceptions noted below:

L]I_IRO.,,_ CO]__'ROLa

The quantity g_ging system (including the electronics) in the pot_b]e

water _nd waste wsi.er tanks is exposed to oxygen at pressures of 25 psi_

during i']ight and 35 I_'sis during countdc_mo The electronics is su'yplied by

28 Vdc hhroug_l two 5 amp circuit breakers. The acceptability of this design

will require additional i_nition tests which have already been initiated.

The following tasks were not completed during the ECS revi(._7 due to lack

of detailed component infomnation:

(i) Review of cyclic accmnulator 02 control valve

(2) Review of 02 flow transducer

(3) Review of 02 pressure transducer, I00 psi system

(4) _,_SCreview of nonmetallics, which are used on ECS 02 line compo-
nents, that NR has accepted by similarity.

(5) Verii_g that no electrical source could come in contact with the

iO0 or 900 psi aluminum lines in the 02 control panel and the ECU.

The required information is being assembled by the contractor and the

review will be completed.

It was not possible to establish the acceptability or u_nacceptability

of the cryogenic hydrogen tank design. Sufficient information could not be

found in the literature to conclusively state that shorting of the internal

electrical components of the tank would not initiate a sustained reaction of

some kind which could eventually either fail the tank or destroy oli internal

functional capability. The necessary tests to resolve these iss .s h_ve

been initiated.

Even if such sustained reactions are shown not to exist, it is not possi-

ble to determine whether shorting of a single internal component will or _¢ill

not damage throug_ propagation to enough of the other internal functions of

the H_ tank to cause a mission abort. The necessary tests to dete_nine the
exten_ of propagation have been initiated.

Compatibility tests are required to establish the acceptability of

solder and brass in ]I2 and have been initiated.
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The direct .;on_,a .t ]_eb,_een bi_,;h "pressure _as_ou_,...... _ oxy_en (:_:_.; r, z5 '). _:d

'i/ef].of covered _,,'ir_in, G such as fi._i the fuel. cell oz_/gcn shut oYJ:' solonoi_] is
considered _u unacceptable desigu.

The 0o pva'ge valves and reactant >ressure regulator have t_omnets]lic
• . &. -- .

matermahs in hlgh mechanical stress applicstions whose acceptability could

not be <mconditional].v established. The necessary impact tests h_ve been

initiated. _q%e pressure switch and the pressure transducer in the 02
system valve module and the l_Tessu_re transducer in the fuel. cell are condi-

tionally acceptable pending receipt of further detailed information.

Pyro and ent_0,_ battery test data are not sufficient to establish pres-

sure capability and acceptance procedures and not adequate to insure s_tis-

factory quality control during manufacturing. The necessary test will be

performed to provide this assui-ance, The batteries _re believed to have the

required presstrre capability,

o. sE vic P o   sz0N SYSTm (S.P,S)

It was not possible to establish the acceptability or unacceptability of

the direct contact of electrical co:mponents and Teflon with oxidizer _nd

fuel which exists in the SPS quantity gaging sensors. Analysis indicates

there should be no problem, Test have been initiated to conf_mn this _n_l-

ysis.

CpmpatiBility (reactive decomposition of A-50 with Kovar or Ni-Spen-C)

tests are required and have been initiated to establish the acceptability of:

(i) Kova.r in Aerozine 50

(2) Ni-Span-C in Aerozine 50

(3) Solder in N204 (fl_mability)
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a. Perform nna]yser_ of the ECS wnter quantity gaging system to dete:rmii_e

the integrity of the tranr.dueer cover an_l the non-propagation of flame to

the b:Ladder i'or a _,orst caoe short in the transducer. If the resu.lts

indicate a mar(,:i_al factor of safety_ perform a best using actual hard-

ware for both f._:i_!,:_tarid ground conditions. At the same timej the require-

ment for a water qua_t:i _,y gaging system sl_ou].d be re-examined to determine

if it is mandatory i'or flight.

b. Co_)]ete the ]?CS ...._ _,,_ev.e_ i'or the follow:lag:

(i) Cyclic acc_mlu_lator 02 control valve

(2) 02 flo_¢ transducer

(3) 02 pressure transducer, i00 psi system

c. Complete the revie_ of all nor_metallics on ECS 0p ].ine components
that IGi has accepted by s.imilarity. If any nonmetallics are found not

acceptable for 0o, then review the components _4hich contain these non-

meZallics, with _he guidelines for this study.

d. Test plans already initiated should be con_!eted to determine whether:

(1) Sustained reactions can be initiated by means of electrical

shorts in the CSM cryogenic hy(trogen tank wiring. If

reactions can be initiatedj are they sufficiently energetic

to rupture the hydrogen tank or lines?

(2) If no sustained reactions can be identified_ can a si_g!e
electrical short within the tank or conduit result in failure

of enough tank functions (heaters, fans, quantity, temperature)

to result in a mission abort.

e. Reevaluate the desirability of adding AVT tests on tanks with internal

electrical components.

f. Complete the redesign of the fuel cell oxygen shutoff valve (or system)

already initiated.

g. Complete the testing already initiated to determine whether sustained

reactions can l)e initiated in the SPS _nn+._+__.........._ o_o_n__ sensors _±_L.mn the

energy limits of each application.

h. Co_plete the testing already initiated to resolve the compatibility

issues of the conclusions.

i. Proceed with the _SC tests of impact of non-metallic materials in

high press_zre oxygen to resolve the issues associated with the oxyge_

purge valve and reactant pressure regulators.
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J. Review expected information on oxygen system valve module pressure
switch and pressure transaucer and fuel cell pressure transducer to
determine validity of conclusions reached to date "andtake necessary
action if proven invalid.

k. Complete the testing already initiated to determine the burst capa-
bility of the entry amdpyro battery cases and modify the acceptance
test procedure to include a proof pressure test consistent with the
results of the burst test.

i. Review all pressure vessel acceptance criteria, test and checkout
procedures and operational procedures.
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I;M'I;,()I)IICTION

YI_i:; l_azard analysis was conducted to determine the effects of

v:_rlous sensor failure modes with emphasis on ad6itional pou,Jer

d';:_::ipation resulting from sensor malfunctions.

\E \_ YSI S

lol]_._ing are the volta%es present at the fuel and oxidizer sensors.

Y_,'ne voltages are generated in the control unit and are derived

;r_,m 115 V, 400 Hz primary and auxiliary line from NR.

TABLE I

FUEL

AIrXILIARY

D,lh'E

I-

2-

3-

4-

5-

OXIDIZER

__ PRI_',_ARY I AUXILIARY PRII,L\RY

COLLq,D_ A B C

+26 VACp -26 VAC A

27 V, 6KC

2.7 V, 6KC

+i0 VDC

- 6 VDC

-20 VACp +26 VAC A

8 V, 6KC

+I0 VDC

- 6VDC
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Voltages which are of interest in this task are the ones listed on

Line I of Table I. Voltages on Lines 2 through 5 of Column D were

analyzed and discu:_sed as part of Engineerinz Report E-803 of

June, 1969. Summary of that report related to +i0 VDC, -6 VDC, and

6 KC voltages of the auxiliary system follows:

All three power supplies shorted at the sensor, which is worst case,

would cause an increase in current through the 0,5 amp auxiliary

system fuse on the 115 VAC line of less than 0.06 amp. This would

require only an additional 7 watts from the 115 VAC, 400 Hz power

line. 60% of the additional power would be dissipated in the control

unit regulating circuit and the remainder dissipated at the points

shortinz in the fuel probes.

OXIDIZ'ER SEI_gOR At<<ILI.ARY VOLTAGES

Voltazes listed on Lines 2 through 5 of Column B have basically the

same characteristics as the ones of Column D discussed in E-803.

Analysis of +i0 VDC, -6 VDC, and 6 KC auxiliary oxidizer voltages

will not be performed due to similarity to auxiliary fuel voltaEes

analysis; conclusions drawn from au×iliary fuel could readily be

applied to auxiliary oxidizer.
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P;.,'.li('Ic_(._, ),_4 "

_EPO_T No E- £.5]

CONI ROL U_41T

-Pi;i_<;or PP,,_>J..........." ....I

! POWER SUPPLY (AIIO) Z

,3 f -I
AMPERE,,

115 VAC 400 Hz _--., -. :-- ] .
- PRIM.:A,RY......... ".J "-I _. _.__-...........

', FUSE 14 t" _[--I
RETUP,il "' _ --_ I

L.... I

PART OF AUXILIARY -7

! P.s. (A_l!) j
115 VAC 5 AMP [......

4ooH_ ]. , I !

: FUSE 14_ _>- I

RETURN ! ; _ _- --- i
I

I t
L J

+26 VACp

SENSORS

OXYGEN STORAGE

I PRIMARY

--i AUXILIARY

OXYGEN SUMP

| FUEL STORAGE
I+20 VAC_, _......

L_____. re____ i PRIMARY

-- FUEL SUMP

-- --_ PRIMARYAUXILIARY

FIGURE 1

Figure I shows the routing of the voltages listed in Table I,

Line Io Tlle volta?es are generated in the primary and auxiliary

power supply and delivered to the sensors temperature sensitive

resistors,

7 h O,9
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Fuses used in the po_,_ersupplies have the followin% characteri:_tics:

Fuses Type:

Character-
isEics :

GFA-"A"-TIlON 300 Ha

Will carry 100% load

and open in I0 second:

at 200%. Opening T2time increases as

AI_!LIARY

GFA-"B"-TROL' 500 Ma

Will carry 100% load

and open in i0 seconds

at 150_o. Openin_

time increases as T 2

Tests were congucted on a Block II control unit to actually measure

the amount of power that could be distributed by the control unit

under sensors shorted or maximum p_,:er transfer condition.

Maximum power transfer is achieved when load (Re) is equal to the

impedance of the source (ZEg). Maximum pop,Jet transfer is the

point where an increase in current will not result in increased

power. Maximum load power is delivered when the slope of PL and

Z L is zero as shown by diagram.

MAXIMUM POWER TRANSFER

ZL I

t

Figure 2 and Figure 3 illust:rate the test setup used to determine I
l

effective resistance of sensor power source This is accomplished" i

by loading voltage source to 1/2 its unloaded value. At that point, I

effective resistance of the power source is the same as the load

resistance.
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:,J ,vlr ,(" ,: JD,_.

115 VAC 0
400 Hz

RETURN 0

(AIIO) PRIMARY POWER SUPPLY

i
C ........ 2

A

! T

T
._ B

L_3

0 +25 VACp0

ELA

--_! SIGHAL GROUND

RLB

-26 VACp

C

PART OF T109

0 +20 VACp

RLc

O TANK GROUND

FIGURE 2

I
%

RLD

!

i
I

4P

Power dissipation and load for each circuit at nr_a×irnm-n

power transfer is as follows:

Power RL

A = 8.5 watts 17

B = 8.5 watts 17

C = 2.3 watts 35

D = 10.7 watts 58

,'U- ©_9
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:;i_J,M()NDS
I'RE('ISION

t_ E r-'O [_T IN() .... -

115 VAC

400 Hz

RETURN

(All1)

0

0 "-

J
Part of T103

AUXILIARY POWER SUPPLY

/z__ +26 VAC

E G RLE

GROUND

F

-26 VAC

<
< RLG

FIGURE 3

Maximum power transfer and load for each circuit is
as follows:

F : 8.2 watts

G : 9.6 watts

RL

LU

ZO

65

_- :'(3 "0_9
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Table 2 is a tsbulation of power dissipation as a result of the

failure of one or more sensors.

SENSORS

FAII,URE MODE

i. Pri Ox. 26 VAC_ Shorted

2. Aux. _:, 2( VAC A Shorted

3. Pri° Fuel 20 VACp Shorted

4. Au:-:' Fuel 26 VACp Shorted

5. Pri oX. & Aux. Ox0 26 VAC

Shorted

6. Pri. Fuel & Auxo Fuel

2D and 26 VAC Shorted

7. Pri. Ox_ & Prio Fuel

20 and 26 VAC Shorted

8. Aux. Ox. & Aux. Fuel

26 VAC Shorted

9. Prio & Aux. Fuel & Ox.

26 VAC (20 VAC Pri. Fuel)

Shorted

Table 2

POWER DISSIPATION

At Control Unit

8.7 _Jatts

8.4 watts

6.1 watts

8.4 watts

12.6 watts

i0.0 watts

9.9 watts

9.3 watts

At Sensors

6.7 watts

6.4 watts

4. i watts

6.4 watts

.... lO"6"watts

14.5 watts

8.0 watts

7.9 watts

7.3 watts

12.5 watts
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As a result of lab testin,z, it was found that the maximu_n amount

of power that coulc] possibly be _enel-ated at the sensors due to

any possible failu:,:e mode is in the neighborhood of 12,5 watt,_,

Po_er dissipation occurring due to the shorting condition of one

or all sensors x_ouid not t'esult in a significant temperature chanze

due to the large bulk of heat dissipator surroundin_ any shortin_

points x_ithin the sensors themselves.
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1.0

2.0

2,1

INTRODUCTION

The following Hazard Analysis was conducted to determine the

ramifications of Fuel (A-50) Leakaze into the Auxiliary System

cavity on; A) The Auxiliary System B) _e Primary System and

C) The Spacecraft.

ANAI, YSIS

AUXILIARY SYSTE_4

The fuel (A-50) being of conductive and corrosive nature

attacks the insulating material in the electronic modules

(point sensor modules) located in the Auxiliary cavity.

Improper point sensor indication may occur alongwith the

loading down of the three auxiliary power supply voltages

(-6 VDC, +i0 VDC, +8 VAC O 6 KHz). The power supplies are

located in the control unit and are common to the entire point

sensor system, Failure of these voltages reduces the Auxiliary

Syste m to a nominal flow integrator.

The above three power supplies are contained in two modules in

the control unit.

These three power supplies are all transistor regulated signal

type supplies with current limited outputs. All three supplies

are derived from the 115 VAC 400 Hz power line. A total short

on all three supplies will not draw enough extra current to

blow the 0.5 amp auxiliary system fuse on the 115 VAC line.

The regulating nature of both d.c. supplies is as follows:

CONTROL UNIT I
VO

0_ 409 II @(._a _ q I [0

T1 LOAD

"l z I

PROBES

FIGURE 1

I- 70 -.019
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2 o1 continued

An unregulated d.c. voltage appears as V I after being recti-

fied from the 400 Hz traDsformer T! by the diode brid_e D<,_

Capacitor C fi]ters out a,Co noise caused by the 400 Hz i j<_e,

The d.c, voltage V o is limited to a ma:_,i:r_._n voltage by Q and

zener diode Z. I o is ]imited to a maxim_,'.n value by 0 and Ro

The current thro<{_h l{ is used to drive Q. Thus, the ma×imum

output current I o is the current through R times the cuz-_'ent

gain of Q. Both the -6V and the +IOV power supplies are capable

of supplying z_pproximauely I00 ma without: reducing the output

voltage and both supplies are limited by transistor gain as

described above to approximately 300 ma into a shore circuit

load.

The 6 KHz oscillator uses basically the same principle for

regu]ation on an a.c. basis as follows:

CONTROL UNI'f I DDQr_L-C

I

I
I
-i

+20VDC

6 KHz _--A, zV_ Q

OSCILLATOR

°IC_

_C"'--2

Vo

LOAD

FIGURE 2

I- 70.-0_9
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2.1 cent inued

Again the drtve to the output transistor Q is limited by the

resistor R. Output transistor Q drives the primary of tr_-

former T. The ,_:__on:_ary of transfol-mer "p supplies the 6 ](_{>_,
signals to all fot,,_ probes.

Io is a maximum into a short circuit load and is limited to a

maximum value of approximately i00 ma by the current through R

and the current gain of transistor Q.

With all th1-ee power supplies shorted, the increase in current

through the 0.5 amp auxiliary system fuse on the 115 VAC line

will be less than 0.06 amps.

2.2 PRIMARY SYSTEM

The primary system will be completely unaffected by this or

any other auxiliary system failure. All power supplies are

physically separated as well as separately fused. Auxiliary

and Primary probe cavities are separately hermetically sealed

and separated by 0.I" aluminum wall thickness. Incoming power

lines to both systems are separated as well as probe cables
and connectors.

2.3 EFFECT ON SPACECILAFT

As stated in (A), an additional 0.06 amp max. may be required

(7 watts) from the 115 VAC 400 Hz power line. Approximately

4.5 watts will be dissipated in the control unit reguigeting

circuitry, and approximately 2.5 watts will be dissipated total

at the points of shorting in the fuel probe. Neither of these

power dissipations is seen as a significant temperature rise

due to the low wattage and large bull( of heat sinking around
the units.

3.0 CONCLUSIONS

In the event that a fuel leak occurs in the PUGS Fuel Probe

Auxiliary cavity, the resulting effects would at no time en-

danger the integrity of the Spacecraft, nor the ability to

successfully carry out the mission objective.

70-O19
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3.0 corlt inu_1

Considering the Auxiliary System point sensor operation

(Reference A), the two conditions which could theoretically

occur ar_: incorrect Auxiliary Power supply voltages and a
short circuit.

Concerr_ing the incorrect voltages, if these voltages are

reduced or totally eliminated due to loading, then the point

sensor operatioI_ would be disrupted causing an inaccurate

Auxiliary System. However, the Auxiliary System would still

function, but, limited in operation to a nominal flow integrator

In a worst case shorted condition, it has been calculated that

at no time would sufficient additional current be drawn from

the 115 VAC,Hz power source to cause the 0°5 amp fuse to blow.

This is a result of the system design incorporatin_ current

limiting capabilities into the power supply outputs.

Power dissipation occurring due to the shorting condition is

not seen as a significant temperature rise considering the

low wattage value and extensive heat sink absorbers surrounding

the affected components. Reference C for specifics relating

to Spacecraft effect.

The relationship of the Primary System during an Auxiliary

System anomaly is one of c_nplete isolation from both a

physical and electrical standpoint° Thus, its operation is

completely nnaffectedo

tO - 0_
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