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FOREWORD

This report was prepared by the AiResearch Manufacturing Company of
Los Angeles, a division of The Garrett Corporation, for the NASA Manned
Spacecraft Center under Contract NAS 9-11592. It contains the result of a
two-year study aimed at the defiprition of the space shuttle orbiter environ-
mental and thermal control/life support system (ETC/LSS) .

The study technical monitor was D.W. Morris and at AiResearch the principal
investigator was_J. Rousseau. Other AiResearch personnel who made significant

contributions to the study include K.C. Hwang, K. lkeda, H. Louie, G.R. Noroshita,

L. Sawamura, and N. Wood. .
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1. INTRODUCTION
- ’
ﬁ' This report summarizes the results of a two-year study of the space
3
& shuttle environmental and thermal control/life support system (ETC/LSS) con-
ﬁ ducted by the AiResearch Manufacturing Company of Los Angeles for the NASA
E: B 1
j? E Manned Spacecraft Center under Contract NAS 9-11592, The major objectives
of the program were to: 4

(1) Support the NASA inhouse and funded efforts through the vehicle 1
definition phase of the program
(2) Identify potential problems
(3) Develcp system requirements in terms of maintenance, certification,
and ground support requirement
The entire effort was conducted in major tasks as follows:

Task |--Survey, ttadeoff comparison, and preliminary concept

design ‘
Tash Il--Final conceptual designs and identification of pacing "
technological and developmental probliems

Task 111--ETC/LSS refinement ,

Task IV--ETC/LSS support requirements

Task | covered a broad range uof investigations. Discrete subtasks

included:

(a) Development of requirements and constraints

e (b) Development of evaluation criteria

e (c) Process investigations -
g [ __N
mmave)| ARESEARCH MANUFACTURING COMPANY
- . d L3 - Los hegres Carornd 73-9097
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’
'; (u) Subsystem trade studies '
y ' (e) System synthesis
: (f) Reliability/safety maintainability investigations
; (g) Cost analyses

- (h) Development of a preliminary specificatic
= Throughout these early studies, the ETC/LSS requirements were upgraded to
reflect changes in mission and vehicle definition concurrent with the defini-

tion of the ETC/LSS. The Task | effort is summarized in AiResearch report

71-7859. In addition, a major portion of the Task | effort was directed
toward the arrangement of the various subsystems and emphasis placed on the

thermal management loop.

The Task 11 activities were concerned with a more detailed definition of

the ETC/LSS and an update of the data generated under Task 1. Major subtasks
are listed below:

(a) System level performance optimization

(b) Fault detection and isolation

(¢) Cost reduction investigations

(d) Specification update :
The results of these investigations are summarized in AiResearch report ; '?
72-8501. |
AN
The Task |11 objective was to revise the system specification to incorpo- "
rate the significant changes resulting from mission and vehicle studies i
- conducted by NASA and the prime contractors. Subtasks included %
(a) System analyses
(b) Equipment sizing PR
([~

S -
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(c) Packaging studies
(d) Specification update
In Task |V, the ETC/LSS support requirements were defined in terms of
testing, maintenance, and ground support equipment. This major effort com-
prised the following subtasks:
(a) Development support requirements
(b) Operation support requirements
Numerous reports were prepared in the course of the entire study to
present the results of trade studies or inveséigations of particular aspects
of the ETC/LSS design. These reports are listed in Table 1-1. Of particular
significance are reports 71-7859 and 72-8501 for data generated under Tasks
| and |l. Detailed data generated under Task |ll are presented in reports
72-7382(10), 72- 7382(11), 72-7382(12), and 73-8848. These data were used to
develop the information contained in this final report. Reference is made to
the list of Table 1-1 for these supporting studies.
This final report contains the results of these studizs. The following
information is presented for each ETC/LSS subsystem (see Section 4)
Functional requirements
Performance requirements
Subsystem description
Equipment summary
LRU definition
Equipment packages
Reliability considerations

Redundancy management in flight

w
av .| ARESEARCH MANUFACTURING COMPANY .
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In addition, the subsys‘em maintenance requirements are summarized. Tasks

were defined for the following maintenance activities:

(a) Scheduled maintenance, including postflight servicing, preventative
maintenance, and preflight servicing
(b) Ground checkout prior to flight

(c) Corrective maintenance

The time associated with each maintenance task was estimated; these data are

presented in Section 5.

Development and qualification plans were developed to determine the
extent of testing required for certification of the ETC/LSS and also to

identify the requirements for new test equipment. The ETC/LSS test require-

ments are presented in Section 6.

Instrumentation necessary for redundancy management and for grou: . check-

out were identified. |Investigations were conducted to determine the require-

ments for instrumentation redundancy. As a result of these analyses, an

instrumentation list was prepared and is presented in Section 7. This list

includes only the instruments necessary for the ETC/LSS. 1t does not include

vehicle- and mission-level instrumentation, nor for monitoring interfacing

subsys tems.

Finally, a functional description of the ground support equipment (GSE)

necessary for ground maintenance was prepared. This description is presented

in Section 8.

i ARESEARCH MANUFACTURING COMPANY 73-9097
Los Angees Cotorna
, Page 1-4




TABLE 1-1

STUDY DOCUMENTATION

Document Title

AiResearch
Report No.

Design Requirements

Selection Criteria

Booster Cabin Pressurization

Orbiter On-Orbit Quiescent Storage

Fire Detection and Extinguishment

Bacteria Control in Water Management System

co, and Humidity Control Trade Study

Reliability/Maintainability Guidelines

Gas Storage Investigations

Thermal Management Studies

Preliminary Specification

Cost and Schedule Data

ETC/LSS Definition

Space Shuttle Thermal Management System
Design Optimization Prigram ["N640)
Performance Prediction Program (50650)

Vapor Cycle Refrigeration Unit

Atmosphere Control Subsystem Design
Optimization

Redundancy Management Ground Checkout

Monthly Progress Reports

71-7380, Rev. 1
71-7512
71-7532
71-754k4
71-7598
71-7546
71-7553
71-7698
71-7710
71-7815
71-7860
71-7859
72-8501
72-8602

72-8775
72-8848

73-8989

71-7382(1)
through
71-7382(12)

E o I - i et
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TABLE 2-1
SUMMARY oF DESIGN APPROACHES

Space Shuttle
Requirements Approach Implementation
Minimum ® No technical risk L Existing process technology
léggttu'sition L4 Early demonstration of new processes
L4 Exlsting hardware
* Avoid materia) compatibility
probiems
= Use of steel in water loops
. = No dynamic elastomers in Freon
! - loops
B . _ ] ® Proven manufacturing L4 Existlng tooling for detail parts
% techniques ® Existing manufacturing controls
. ® No major capitai investment
a ¢ Expediency in certivication ® Minimum hardware
—! - o ® Selective development
N ® LRU-leve] qualification
% ¢ ® Minimum new STE
.-?(‘ e ) ® Minimum number of components | e Minimum redundancy
Yy - ® Minimum number of component ® Equipment commonal ity
Lol 3 g designs
458 i Minimum ® Minimum maintenance ® Equipment life/reliabtlity
” S g;vgczrship ® Effective maintenance o Haintainability in design b
- . "ﬁ, ® Minimum GSE ® Modify available Gst
® Minimum spares inventory L4 Equipment commonal ity
;~‘ i Minimun Weight ® Optimum System arrangement ¢ Minimum redundancy
; ® Minimum equipment weight ® Advanced design and manufacturing !
+ techniques
—~1 FO-FS Design ® Functional redundancy ® Optimun LRy definition h:
-l ® Effective redundancy ® Man-in-loop : i
1 .5' T management |
: ‘ Reusability ® long~life equipment ® Design margins f y
; 4 ® No material compatibility problems '
v :‘?{ Short Turnaround ® Minimum maintenance ® Equipment life/rel iability
_’ . ¢ ¢ Effective maintenance ] Maintoineb!]ity in design ‘
1
1 ;!
4 :
:%_, i ——
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between the factors affecting design. Major trade studies involved initial
cost, weight, and maintainability.
2.2 PROCESS/EQUIPMENT SELECTION

Table 2-2 summarizes the recommended processes and equipment, As indi-
cated, most of the processes and equipment are based upon years of experience
in both aircraft and spacecraft systems. Examples are sorbent beds, fans,
pumps, and heat exchangers. In a few instances, concepts which represent
advances in technology are recommended. In all cases the feasibility of these
concepts has been demonstrated and prototygpe equipment is being developed.
These programs, funded by NASA over the past few years, include:

(a) Wickless condensate separator

(b) Flash evaporator for reentry heat rejection

(¢) Composite pressure vessels

(d) Bacteria control in potable water systems

(e) Silver ion monitoring in potable water systems

(f) Instrumentation reliability

Stainless steel is recommended as the material of construction for the
water coolant and the potable water subsystems. This approach is conservative
insofar as it obviates potential material compatibility problems. Significent
weight savings could be realized through the use of aluminum in these loops.

In terms of system arrangement, minimum weight is achieved while providing
a high degree of redundancy through the use of multifluid heat exchangers in
all cases.
2.3 EQUIPMENT SUMMARY

Table 2-3 is a summary of the components and component designs that

comprise the ETC/LSS. Most of the equipment is new. Existing and/or modi fied

| 9| MIRESEARCH MANUFACTURING COMPANY 73-9097

Los Angeles, Calforng
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TABLE 2-2
PROCESS/EQUIPMENT SELECTION SUMMARY
Process/Equipment
Subsystem Selection Rationalc
Atmosphere ® (ondenser with “ategral Fully developed, recent ReD

revitalization wickless water .cparation i

¢ Cabin fan Vane axial design; Apollo base

Atmosphere control

Water management

control funded R&D b
Hydrogen separation Apollo base ) "
Freon coolant Wet pump motors Long life; existing technology
loop Multifluid heat exchangers Minimum connectprs; minimum ! "“‘* 1

Instrumentation

® Temp:rature control

Radial flow LiOH beds
Steel heat exchangers

Centrifugal pumps
Avionics fans

Flash evaporator

Compos ite tanks
Skylab POy control

Carleton regulators--shutoff
valves

Bladder tanks
Silver chloride bacteria

No dynamic elastomers

Surface type temperature
sensors

Strain gage type pressure
sensors

DC=10 modified; reliability ’

demonstrated

3 mm Hg PCO, design with 93 per--|

cent utilization efficiency

No material compatibility
problems

Magnetic drive; Apollo base

Vane axial; similar to cabin
fans

Flexibility demonstrated; NASA
funded RgD

Major weight saving; no
catastrophic failures

Demonstrated 1ife and
reliability

Apollo Skylab base; proven
hardware

Apolio base; minimum cost
Feasibility demonstrated, NASA

weight; ease of redundancy
management

No material compatibility
problems

Apollo base

Apollo base

.
";"T"\") SIRESEARPCH MANUFACTURING COMPANY 73- 9097
\\ -~ s hegets 9ty P.ge 2‘“




LN

1s1| sjusuodwod jeuoiiduny 3yl jo jied se papni{dul UODI4DIUSWNIISUL [04JUOY::

Los Angeies, Caitorng

AIRESEARCH MANUFACTURING COMPANY

32 L S 0z 18 L g | oz (eloy
- - - - - - - | - 31un 2|2A> sodep
s - 1 ] L1 - [4 Si uotidafaa jeay |Z-u0d44
s 1 z z S ‘ z z juowsbeuew Ja1em
6 - i 8 9¢ - rA %€ {043u02 213ydsouny
L - L 9 €C - rA ¥4 uoilezi (e} A3 aacydsouny
{e30L|  MoN | Pa131POW _. Si-sy | (e3oL | MaN| POLJIPOW|  SI-sY wa1sAsqng
T lmxc.mmwo.o ucvcw..-‘(m—mr_x T sjusawnaIsuy
;uotjejuswniisul Huts0l1uoy
; —
sol €S 14 1z | 0ot ott 66 VA telog
_
6 z 1 9 L gL Y r4 rAl (s3tun z) 31un 21242 iodep
74 gl 9 L 29 th 81 z uos3195(a1 Jedy (Z-uodty
9l 6 Y € _ rA 9t 8 8 juauabeuew i133epm
ot 6 91 S LA lz LS o% {043u0d d43ydsouy
14 Si Y 1 19 i L1 6 uoijezi [eltaas asaydsouny
le3o1| moNn| patgipow | Si-sv | 18301 | MAN|  P3LIIPOWG St -y | wa3sAsqns
subisag Juauodwo) sjuauoduwo) \P
sjuauodwoy) [eucildunyg
AYYWWNS NO1123713S LNIWd IND3
€-Z 319Vl

- G o -

- I e B s i P DU - . o *

. -, . K]

St T | e —

73-9097
Page 2-5

,
<
i
,



ML

»d

components primarily consist of valves and instrumentation transducers. A
breakdown of the equipment according to these categories is presented in the
table.

In general, the major components such as fans, pumps, and heat exchangers
are new and cannot be made common because of the high weight penalties involved
in stressing commonality for this type of equipment, As a result, the highest
degree of commonality can be found in the atmospheric control subsystem;
because of the relatively low weight of the components, common designs can be
specified at a minimum penalty.

2.4 WEIGHT AND POWER

The weight and power usage ;F the ETC/LSS subsystems are presented in
Table 2-4, Component wet weight is estimated at 1422 1b excluding the weight
of structures, lines, and electrical harnesses. Total expendable weight for

a crew of 4 men and a 7-day mission (plus L-day contingency) is 579.8 1b, for

a launch weight of 2002 1b (excluding takeoff water).

Normal continuous power draw (excluding spikes for heaters and valve actuation)

is estimated at 885 watts with only one active avionics bay.- With three
active avionics bays, total normal power is 1225 watts. Under maximum cabin
heating conditions, as much as 2385 watts can be expended to maintain cabin
temperature at the selected level.

The vapor cycle units will only be used during Ferry flight. The weight
and power of these units is not included in the total shown in the summary
table.

2.5 CABIN NOISE
An estimate of cabin noise attributable to the cabin and avionics fans

and to the water pump is presented in Figure 2-1, The data are qiven for one

A MANUFACTURING COMPANY
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@———— SPACE SHUTTLE CREW COMPARTMENT NOISE REQU IREMENT.
EST IMATED CREW COMPARTMENT ETC/LSS NOISE
Q==+ =—— CABIN FAN, WATER PUMF, AND ONE AVIONICS FAN

OPERATING

g—=— == CABIN FAN, WATER PUMP AND, THREE AVIONICS

Figure 2-1.
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and three active avionics fans. It was assumed that all rotating equipment is
located under the floor of the lower pressurized compartment, The total noise
transmitted to the cabin includes airborne and conducted 'ncise. The specifica-
tion requirements are ret in all cases,
2.6 MAINTENANCE REQUIREMENTS

A summary of the onboard maintenance requirements for the four subsystems
considered is presented in Table 2-5. The time to service, check out, and
perform corrective maintenance is estimated at 50.7 man-hours based on a
7-day mission. With a two-man maintenance crew, total elapsed time is 25.4 hr.
The largest portion of the maintenance time is expended in the atmosphere
control subsystem. Checkout of this subsystem alone accounts for more than
25 percent of the total maintenance time. The instrumentation and GSE neces-
sary to support the maintenance activities are discussed in Sections 7 and 8.
2.7 CERTIFICATION APPROACH

The certification program is designed to minimize test hardware cost and
to eliminate duplication in test opeiacions Figure 2-2 gives an overall view
of the test program. Developmert will primarily be conducted at the component
level only. The scope of this testing will depend upon the hardware category.
For existing equipment (as-is or modified), breadboard testing will be aimed
at suitability demonstration to verify particular features of performance or
design, For new equipment the development program will be more extensive and
is designed to assure against failures in qualification,

Only selected packages will be tested during development to (1) identify
and resolve potential interface problems, (2) ascertain structurel integrity,

and (3) verify maintainability concepts.

AIRES. ARCH MANUFACTURING COMPANY
108 Ang 1y Co S2r0d 73" 9097

Page 2-9




3 [} '
. ] h
. v ﬁ .
4l'g R 1°81 teioy
59°0 9 1°€ doo| uejcon uodlg
040 G°¢ €4 juswabeuew 131EM
9L g8 ¢t 9% [043U0D 3s3ydsowly
%9°0 €/ 1°9 uoslez|eliAas 3saydsouly
sinoy Buiiesadg 3yb 14/ SINOH-UCH 1yb 1|4/ Sanoy-ueW walsAsqng
mo_\m;sozuamz 1N0%I3Y) (Bu1a1A433)
aoueuajulel punosg ssauipeay Iyt (4 asueualjuleW pa(npayds
2A11224403 paeOqUQ
AIYWWNS FINYNILNIYW
q-¢ 374vl
- : -
. .%,N.%Mua ’ Y |

73-9097
Page 2-10

Los Angeres Canforng

AIRESEARCH MANUFACTURING COMPANY

e




yoeosddy uoiledi 413493 ‘T~C 2anbi 4

NOLLVITST¥3A
/1%0440S
01530
1
NG TLVHLSNOW3C NOTLVNIVAZ NOILVNIVAI 1 4N
ALTYIGY 39NV ININOGHOD INWYOIY I
IVINTW 3INWH0443d MOILYILITIVO Pty SINBINOYTANI
NOLLIVITII VD /891S3¢ /N51530 [EIMERE ] ﬂ
Q314100
a SLNINOSHG )
< _ an11SIX3
2
|__{ MOTivuLSNOM3IC SISATwRY
ALEIISVLINS ALTIGVLINS
SININ0SMO0
M1LSIND
(v1334s) ) (39VMIV4) (SLNINOGHO3)
o ews PTET 1 3swd —lg— i INBI40TIAI0 MU Pl RW0SOVINQ
- { NOILYOI4ILY3D |- —pte——— INIWJ0T3AIG

73-9097
Page 2-11

C em a4 e . L. -~
. PP

Los Angees Caitornad

M AIRESEARCH MANUFACTURING COMPANNY

it
a“




et e ot ettt o

RN

.

The major portion of the qualification test program will be conducted at
the end-item or LRV level. This constitutes a more realistic approach because
the performance and structural interfaces between the various components are
accounted for. It is also expedient because it eliminates much duplication,
The only component level qualification tests recommended are special tests
such as EM! and explosive atmosphere, which are more conveniently conducted
on a component basis, and tests of a destructive nature such as burst,

The large majority of the test equipment that will be used is readily
available from previous contracts. Minor modifications will be required to
some equipment to accommodate the higher requirements of the space shuttle
ECT/LSS in specific areas. New STE only involves new fluid processes such as
test stands for the Freon-21 equipment.

2.8 INSTRUMENTATION REQUIREMENTS

instrumentation transducers are necessary for (1) system control,

(2) redundancy management in flight, and (3) ground checkout and maintenance.
A total of 95 instruments are recommended including redundant sensors,

Table 2-6 is a breakdown of these sensors by type and application for each
subsystem, Of the 95 instruments, only 7 are redundant; in most applications,
information redundancy is provided by sensors incorporated in the system for
purposes other than redundancy.

2.9 GSE REQUIREMENTS

The GSE necessary to support ground maintenance activities is listed in

Tab]e 2"'7‘
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TABLE 2-6

INSTRUMENTATION SUMMARY

INSTRUMENTAT ION APPLICATION

, ‘ Application
- Redundancy |
" Subsyste™ Control Management | Checkout
Atmosphere 3 25 1o+ (23)
control
Atmosphere 6 23 1+ (13)
revitalization
Water - 5 (2)
management
T Freon-21 2 15 b+ (9)
v cooling loop
3 Total 11 69 16 + (47)
\ () indicates alternate use of either a control or a
, : redundancy management transducer for checkout
2 ,
s ) %
= !
= »
=
= 'f INSTRUMENTATION TYPE
7 . Transducer Type :
-4 Differential Test 1
5 Subsyster Pressures Pressure Temperature Quantity Flow | Special Ports | Position [
°£ stmosphere 29 3 2 - 2 3 - - :
=4 P. zontrol ¢
4 {
4 !
R Atmosphere 2 1" 13 2 - 1 - 1 !
s ! revitalization !
i ) e
= [
o
B e Water 1 - 1 2 - 1 5 0 i
B . manaye~ent ‘
9
©
“ Freon couling 5 2 10 2 - - - 2
1 loop
Totals 37 16 26 6 2 5 5 3
q R -
2
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TABLE 2-7
35 De cription pounect iunct fonal/Pertormirce Pe . irement ll
- - e e e e e e — 4
%, te-t -et crovide OGNz under controlled conditions {1%  Capobility of operating from any N, -torage «urce. 127 Prozide tlow
‘ tor te t, chechout, purqging, and drying characteristic- up to 150 Ib/hr at an itilet pressu-e of 130 psia at 707F. '
daring ETC/LSS maintenance; nrincipal {31 Provide regqulrted Gy 91 pre-.ure. at- 0 to 5 pvin, 0 to 150 p i, srd i
asplications far N2 loop ACS and 0 to 3500 ‘10 percent p-ige (L) Provide ‘0.5 percent measurement copatili- t
i interfacing ETC/LSS subsystem and for tles (f’or gbove rarqge-. [5) Provide capatiility of < upply ware dry < troqen ¢
i WHS and FCL to 76° 460F. (6] Capable of supplying 2% 1b N, at 3100 psii at 70"F in 15 !
! min. i
| 0. te t et p-ovide G0; under controlled conditions 1) Capability of operating from any GO; <ource. (7} Provide flow capabilitie
! for te<t ard chechout of 02 toop of ACS up to 150 1b/hr at ar inlet presure of 20 p-ig. 76°C. 13) Provide requlated
H 60y ga« pressure 0 to 110 peig, O to 900 p=ig 0 to 3500 p-ia. (W
i cagable of ~upplying 25 1b 0y at 3100 ¢ ig at 70°F in 15 min.
i Vacuum tect et Provide: o means to reproduce a .pace (1) fapabitity of pumping down 3 volume of 6000 cu in. to 1075 p i within
‘ quality level for te-t, checkout, and 60 win and maintaining thie jevel with a leakage rate of air at 5 th/dy.
' .eryicing of variou- nmajor ETC/LSS (2) Provide a capability for rough and fine vacuum reasurerent includiny
: subsystem . Primary application i« pressure and leakage flow up to 0.125 lb/he.
tor ACS and i+ alco u~ed for FCL and
, WMS ervicing
(abio temperoature | Test provide- the capability through 1) Test ~et will be capable of operating cabin tenperiture control .ytem,
wntrol te-t et bullt-in <ignal simulation of qualita- «elf-powered. (2) Capable of integratina temperatlute control for fault .
tive and quantitative checkout of the {3) Provide -ubsy.tem contro! in checkout of «ubey tem throuah calin tes-
cibin temperature controller, ~ignal perature <elector.
cansor« , and causing temperature con< i .
trol vilves and heater to cycle. i
| wrter wolant Provide deaerated, dyed, deionized (1) Provive capabliity of operating from either «picecraft or ‘el f-powered |
© ervice and wolant water for ARS liquid cooling ! cooling sy-tem pump< and valves., (21 Delivery of water coolant at 50-p i )
I thechout cart foop ot operating pres.ure for -ervie=  noninal for wervicing and sytlem checkout. {3) Provide mei uremert capalility '
| ing or checkout of colina loop of 0.5 pareent accuracy tor temperature and pre..ure tran-ducer . :
; NOTE: For major «arvicing, vaccum te.t et (3} cav be used for evacuating !
1 system prior to fitt R
i fotaible water tor -ervicing potable water «y-ten {1} Provide: :terilized water for <arvicing potable water  ten for
eivice cart prior to flidht. Replace expendable I preflight. 17° Delivery pre-<ure .hall be no arerter thir 43 pria ot
! drinking water tor drinking and thermal | 200 tb/hr tlow. .
~Linagemsnt ! |
. L4
' Potable water u.ed for decontamination of «ysten {1} Flu.h water treated to 1000 deg PP AgCl. (2} Capability for providing l -
decontamination u~Ing potable water or requiring cleans- 1ive steam for decontamination flush. NOTE: Orying purge <hould be pre- 1
cart ing fluh with water and u-e- In ARS contanination with N, te:t et
for conden.or ‘ervicing
. - .ervicirg y+ed for te«t and checkout and wervic- (1) Provide proce.sed (dyed) F-21 at 300 psin for setvicing and leakaue test.
* and checkout ing of F-21 loop~ (21 Provide capability to operate coolant pump from <elf-contained or .pirce- .
cart craft power. 13) Capability fo- dewervicing F-21 loops for heavy maintenance | |
(W) Capatility for evaluating wub.y<tem to 200 micron. for reervicing -y ten | :
{5\ Capability for processing 250 1b §-21. (6) Meacurement capability for '
pressure and terperotures. NOTE: Pequirement (&) could be incorporated with ‘
(3) vacuum te-t <ets. i
freon-31 bypa-« frovide- tor checkout of freon- 21 (1) Capable of operating trom «pacecraflt power or being «elf-powered. '7) |
«ilve controller Typacs v tve clircults Contain test logic to integrate controller for fault. and quantitatively {
te 1 et evoluate control encor for fault. (2 Capabitity to perform Liulsted { '
operating cycle and evaluate bypas- valve fuection. . “ Ty
g ervive cart frovide N4y ot proper tempgrature (11 Capable of providing 300 1L of NHg a1 600 tb/hr at 128 5 puiy winicu~ ) “ ’ 1
ind pre.-ure tot ~ervicing and at 70 " 2°F. § "._
W, recovety and " ed to afely contain dumped NH3 of (1) 300-1b <torage capacity of HHy :aturoted vapor. (2} Allow ~nfe serting '(
vnéon dispoal tH3 vent vapor during «ervicing and or sctubbing of Hy ot 9 Ib/min ahd at pre:sure. up to 1000 peia ! .
cart Mrer «yotem i cerviced to protect 13) Recovery for vave {2) can te o1l .cturoted vapor with concurrent venting ! 4
per onnel and eauiprent from di-poual unit | M
{12 h evipol rtor Provide flightworthy/pressure tight 1) Capable ot providing gas-tight sealing; concurrently allowing pressurizos 4 .
o e lo uie for ~uintenance and test tion to 2 psid duting maintenance and Lheckout test. (2) Provision for '
ladopution of Ny test set (1) neasurenent instrurents 1ot test ard checkuut
e o e —m e S - - . — —————— e e en e — 4
. i
|
i
|
Myt Lt Y
-t i,
“
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3, OVERALL REQUIREMENTS

The vehicle/mission levei requirements for the design of the ETC/LSS
- are presented in Table 3-1 and discussed in the following paragraphs.

Detailed subsystem design data are presented with the discussion of each

subsystem.

L 28]

TABLE 3-1

VEHICLE/MISSION LEVEL REQUIREMENTS

i Parameter Requirement
Mission duration
Baseline 7 days '
Range 2 to 30 days
Crew size
Normal crew 4 men
Passengers 0 to 6 men
Number of missions 100 per vehicle over a
10-year period
Number of vehicles 5 i
Equipment design life 10 years »
Turnaround time between flights 14 days ;
Cabin pressure 14,7 £0.2 psia !
Cabin temperature (selectable) 65° to 80° £2°F * % £
Cabin volume 2000 cu ft z
Airlock volume 250 cu ft i
Avionics bay volume (3 bays) 150 cu ft (each) b
Vehicle leakage 10 1b/day
Thermal loads Obtained from NR report
ECLSS-141-72-2 dated —
May 1972.
.
— Y
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Expendable storage is based on the average requirements for the baseline
b-man, 7-day mission; sufficient expendables must be provided to sustain
operation for four days of emergency operation.

Reliability guidelines are as follows. The first failure will not result
in degraded performance; adequate provisions are made to continue operation at
design point performance. The second failure can result in performance
degradation or alternate operational modes that will satisfy crew safety
requirements, although compromising the mission and/or crew comfort. Pressure
vessels, heat exchangers, and interconnecting lines are considered to be
primary structures and need not be subjected to the redundancy requirements
of other equipment types. These guidelines will provide near FO-FS (fail
operational-fail safe) capabilities for all critical functions.

With respect to maintainability guidelines, no maintenance will be

performed in flight except in emergency situations., Sufficient instrumenta-

tion must be provided to enable the flight crew to effectively manage the

redundant elements of the subsystems without ground support. The on<board

computer will be used only for instrumentation readout, parameter comparison

to preset min/mex values, parameter display, and alarm. Fault de.tection/ )
fault isolation logic will not be programmed in the computer. All equipment
necessary for fault isolation at the LRU level and all instrumentation sensors S
necessary for ground checkout will be installed on the subsystems. The i

onboard computer will be available for ground checkout operations.

e 4
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b, SYSTEM DESCRIPTION

4.1 GENERAL

The entire ETC/LSS was divided into the following major subsystems.

P L

[\

. ° Atmospheric revitalizacion
N ° Atmospheric control
, ° Water management
'-'3.? _ ° Freon-21 heat rejection
) N ° Ferry flight heat sink
g{ ; For each subsystem, the following data are presented
;: '; R (a) Functional requirements
;Q;A i (b) Performance requirements
fj, %‘ (¢) Subsystem description
b ?5 . (d) Equipment summary
) ; t (e) LRU definition
;i (f) Equipment packages 0
? é‘ . (g) Equipment redundancy E
% ?“ (h) Redundancy management %
Vﬁ : These are discussed briefly in the following paragraphs. f
%' _ %} 4.1.1 Functional and Performance Reyuirements j
Ao i D :
The requirements presented in Section 3 were amplified using data pro-
= vided by the NASA and NR,and also the results of investigations conducted at
s AiResearch. These data were further developed from the subsystem to the ’
i
;? | J
v @ AIRESEARCH MANUMCT\{::P::; Eg?:'::: 73. 9 097 :
, Page L-1 ;
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component level to permit cquipment characterization, Equipment functional
and performance requirements are presented in the equipment summary.

4.1.2 Subsystem Description

Schematics of each subsystem are presented. Tha nusbering system for the
components as listed below is based on that used by NR at the end of their

Phase B activities:

2.0 and 3.0 Atmosphere revitalization
1.0 Atmosphere control

4.0 Water management

7.0 Freon-21 heat rejection
10.0 Ferry flight heat sink

L4L,1.3 Equipment Summary

Equipment characteristics are presented in tabular form, For each
component, the following data are presented:
(a) Item number

(b) Item descripticn

(¢) Number of items required

(d) Functional and performance requirements

»
(e) item weight (dry and wet) r
(f) Envelope .
(g) Power requirement i‘
(h) Equipment category in terms of qualification status i
(i) Design features |
These tables incorporate the results of detailed component selection and
preliminary design studies. Extensive surveys were made of equipment avail- o
ability from previous space programs to identify components which could be used ——
g
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on the space shuttle without modification or with only minor madifications,

Moat of the components in this category comprise valves, connectors and
inctrumentation transducers. The major equipment such as heat exchangers, fans,
pumps, etc. are new,

L.1.4 LRU Definition and Equipment Pachages

A preliminary definition of component groupings into line replaceable
units (LRU's) was developed as the result of redundancy management investiga-
tions, packaging studies, and maintainability analysis., Since it was assumed
that the equipment will be accessible, the LRU definition is near optimum
from an ETC/LSS viewpoint. Additional constraint. imposed by installation
requirements could have a significant impact on the LRU definition; however,
in most cases the packages developed could be modified easily to conform to
the detailed vehicle installation constraints,

in defining the LRU packages, two categories of components were identified

(a) LRU compoients which will be replaced oqboard and which are part of
a larger equipment grouping (for efample, the inlet pressure trans-
ducer on a pump package). The transducer is replaceable on-1ine;
however, when the pump package is removed, the transducer also will
be removed.

(b) Shop-replaceable units (SRU) components. Replacement of this cate-
gory of component will entail removing the LRU package from the
vehicle and then removing the component from the packége. This last
maintenance action will usually be effected at the shop level,

although SRU replacement in specific cases could be done cnboard.

>
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4.1.5 Equipment Redundancy and Redundancy Management

AVl subsystems were developed to assure that the fO-FS criterion was
satisfied in terms of subsystem functions. The guideVines defined in
Scction 3 wiere used to cvaluate the recommended subsystom arrangements in
this respcct.

In developing cquipnient redundancy, considerable cmphasis was placced on
the following factors to assure the effectiveness of the F0O-FS quality of the
subsystem.

(a) Number of instruments necessary for subsystem hecalth monitoring

in flight
(b) Logic required for interpretation of the information derived

from the subsystem transducers

(¢) Crew tasks involved in restoring subsystem health

in the performance of the redundancy management studies, the ground rules

discussed below were followed:

(a) 1t was assumed that the onboard computer would be used for trans-
ducer interrogation only, and would not contain the fault detection/
isolation logic. The computer will identify out-of-tolerance con-
ditions and alert the crew if such a condition exists. Also, the

crew can interrogate the computer for additional transducer readout-

he

as desired,
(b) The interpretation of the instrumentation readouts will be donc by
the flight crew without the assistance of ground support crew and
facilities. As a consequence, the redundancy managcment modules
were defined in terms of easily identifiable and detectable subsy«ter
functions. In this manner, fault ambiguity is eliminated and cor- .

rective actions are simplified.

mase)| AIRESEARCH MANUFACTURING COMPANY - .
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(¢) une aspect of fault detection not covered in these analyses is con-
cerned with instrumentation redundancy. In the analyses conducted,
it was assumed that the information was available to the crew, and
instrumentation failures were ignored. Generally, instrumentation
redundancy will be necessary, and procedures to 1dentify instrumen-
tation failures (as opposed to functional equipment failures) will

have to be identified. Instrumentation redundancy is discussed in

Section 7.

(d) Another assumption made was that no ETC/LSS instrumentation is

required for fault detection in interfacing subsystems. As a result,

a minimum instrumentation list was defined for all subsystems.

(e) The data presented for each subsystem in tabular form is concerned
only with the primary leg of redundant subsystem arrangement. Fault
detection in the secondary leg is the same and requires the same
instrumentation.
[ ]
v
:
w
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4,2 ATMOSPHERE REVITALIZATION SUBSYSTEM (ARS)

4.,2.1 Functional Requirements

The atmosphere revitalization subsystem comprices the equipment necessary
for control of the cabin atmosphere temperature and for removai of the con-
taminants generated within the pressurized compartment. In addition, the ARS
provides the capability for thermal control of al! equipment located within
the pressurized compartments. Specifically, the ARS performs the following
functions.

(a) Automatic cabin temperature control a: a value selected by the crew

(b} Ventilation of the pressurized compartment

(¢) Humidity condensation and removal

(d) Contiol of PCO, below acceptable levels

(e) Removal of trace contaminants and c¢dors

(f) Removal of particulate matter and bacteria

(g) Cooling of the potable water supp'y

;: (h) Thermal control of the pressurized cabin walls

hl

2 (i) Cooling of the air-cooled avionics located in three separate bays
(j) Cooling of the cold plates located within the avionics bays
Rﬁ ‘ (k) Thermal management system heat sink during ascent and entry

Thermal control is effected by means of redundent water loops. With the

exception of the ascent and entry phases of the mission, the heat collected by

the water loop is dumped into the Freon-21 heat rejection subsystem outside

the pressurized compartment. During ascent and entry, water evaporators in
the water coolant loops serve as the entire thermal management system heat

s ink.
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4,2.2 Performance Requirements

Major performance requirements are Jisted in Table 4-1.

4,2,3 Subsystem Description

A schematic of the subsystem is presented in Figure L-1. The instrumenta-
tion identified on the schematic is discussed in Section 7. Subsystem functions
are accomplished as discussed in the following paragraphs.

4,2.3.1 Cabin Temperature Control

Cabin air is circulated through the ARS loop by one of three redundant
fans (Item 2.5). In normal operation, when cooling is required this air is
cooled in the humidity control/cabin heat exchanger (1tem 2.6) and returned
to the cabin via the distribution ducts. The amount of heat removed in the
heat exchanger is controlled by regulating the quantity of process air through
this unit. The maximum airflow through the humidity control heat exchanger is
880 1b/hr. Mechanically linked fiow control valves (1tem 3.2) are provided
for this purpose. The use of a dual valve will assure proper flow distribution
and stability of operation. The position of the valves is automatically con-
trolled by the cabin temperature controller (1tem 3.4), which uses signals (rom
the selector (ltem 3.5), the temperature sensor (1tem 3.3), and anticipat
(1tem 3.4). The selector is set manually by the crew; the anticipator prov ies
cooling rate information to the sensor and reduces tenperature excursion: Lo
a minimum. A manual override is incorporated in the se'‘ector design to permit
manual override of the controller and to position the bypass valve directly
from the selector. As an added feature, the valve actuator can be overriden
manually. When heating is required, the controller will switch on the electri-

cal heater and modulate the power co the heater to effect the cabin temperature

v
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TABLE 4-1
ARS PERFORMANCE REQUIREMENTS
P et S - -o- - -1
LA ”Sy_b_s_ysytimj‘y_nction L P“’f‘_“e_t_"i_______ . vValue .
General Cabin jressure Y4,/ psia
Cabin volume 2000 cu ft
Crew size 4 to 10 men
. Mission durstion 7 davs nominal, 2 to 30 days rarge
Cabin temperature control Selectable tempereture range 65° to 80°F
Control accuracy +2%F
Loads
Cabin sensible load i 640C to 210C Btu/br excludiag cabin farl
Cabin avionics load | 3460 to 430 Btu/hr
LiOH sensible load ;  ROO Btu/hr (10-man design)
Ventilation T omu;nl desi;> ;c;lnt T T 'l 2-5. ft/r'nn" Trom o o b
i | Renge " 15 to WO ft/min
| Humidity removel 1 cabin dewpoint i 33% to 61°F
! ! Cabin latent load ' 2000 Btu/hr :10-men designl
. ! LiOH latent 400 Btu'hr (10-man desigr!
pCo, control ! cabin pCo, : o —
[ Nominatl 3.0 ~r Hg raxirun uith boren at
. maxirum metabolic ratel
. tange 0 to 7.6 mn Hg
: Feil-safe operaticn I 10 mm Hg
. Emergency 15 mm Hg for & raximun of 2 br
€0, production rate ;
Nominal design point 2.11 1b/man-day
Renge { 1.88 to 2.5 1b/man-day
0dor removal i See Vwble he2 ! :
Particulate matter and bacteria control : Alrborne baci.i sl concentretion . 500 microbes/cu ft
- 4 —_——————— - R -
Water coolant loop dete ! Conling water specification : MSC~SPEC-C20A
l| water flow rate i S50 Ib/hr
' Water circuit oP = 40 psi
Maximum weter temperaturc in cold wall i 60° to 70°F
i i t:!axlmun weter temperature et cold plate circuit 75°F
| } inlet
: | Meximum air temperature at air-cooled avionics 100°F
, inlet
'; Faximun air temperature ot air-cooled avionics 130°F
i outlet
i Chilled potable water supply temperature 40° to 50°F
H —
tapendable evaporant hest sink ¢ Control temperature ) T
Inlet water tempecsture initiating unit 56%F
operstion
Outlet temperature control range 3s° to lo5°F
Design point loads (#scent)
toed 73,600 Btu/hr (maximum)
weter inlet temperature 174%
water outlot temperature 40%F
Ajr-cooled avionics circuit design deta| Airflow rate 1000 1b/hr
Alr 4P 2 in, “20 excluding heat exchanger
Avionics bay pressure 14,3 psia .
Water flow to cach avionics bay 1/3 of totat (183.3 1b/hr)
beslign load 8220 Btu/br with & weter inlet tempersture
of 77°F !
T _ J
73-9097
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. TABLE 4-2
) MAXIMUUM CONCENTRATION AND PRODUCT ION
1 3 RATE OF TRACE CONTAMINANTS
o ¢ (10-MAN CREW)
Biological Max imum
Production Allowable
) Rate, Concentration,
Contaminant gm/day mg/m3
Acetone 0.005 240.C ;
Acetaldenyde 0.Cc2 36.0
Armonia 10.0 3.5
n-BLtyl alcohol 0.03 30.0
Carbon monoxide 0.162 29.0
Ethy! alcohol 0.10 190.0
Hydrogen 0.50 215.0
Hydirogen sulfide 0.000583 1.0
Indole 1.0 126.0
Methyl alcohol 0.10 26.0
Methane 6.0 1720.0
Methyl mercaptan 0.21 2.0 ; "
" Phenol 3.78 1.9 &
ilf Propy! mercaptan 0.21 92.0 % -
Pyruvic acid 3.78 0.9 |
¥
b Skatol 0.21 141.0 [
b
“t : ™
’
E
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FUNCTIONAL AND PERFORMANCE REQUIREMENTS

FILTER-DEBRIS TRAP

CHECK VALVE, REVITALIZATION FAN

€0y ABSORBER CANISIER

€0y ABSORBER ELEMENT

SHUTOFF VALVE

CHECK VALVE

FAN, REVITALIZATION

HEAT EXCHANGER, CABIN/HUMIDITY CONTROL

FAN AP TRANSOUCER

DEBRIS TRAP 4P TRANSDUCER

€02 PARTIAL PRESSURC SENSOR

SENSOR, CABIN TEMPERATURE ANTICIPATOR

VALVE, CABIN TEMPERATURE CONTROL

CONTROLLER CABIN TEMPERATURE

SELECTOR, CABIN TEMPERATURE

EXPENDABLE EVAPORANT HEAT SINK

HEAT EXCHANGER AVIONICS

POWER SUPPLY TEMPERATURE TRANSOUCER

ELECTRICAL HEATER

FAN, AVIONICS COOLING

CHECK VALVE, AVIONICS FiN

AVIONICS FAN DEBRIS TRAP

PUMP PACKAGE ASSEMBLY, WATER COOLANT

WATER FILL CONNECTOR

WATER SHUTOFF VALVE

SECONDARY PUMP INLET PRESSURE TRAMSOUCER

PRINARY PUMP INLET PRESSURE TRANSDUCER

PRIMARY WATER PUMP 4P TRANSDUCER

SECONDARY WATER PUMP 5P TRANSOUCER

AVIONICS BAY 1 FAN LP TRANSDUCER

AVIONICS BAY 2 FAN 3P TRANSOUCER

AVIONICS BAY 3 FAN AP TRANSDUCER

INTERCHANGER OUTLET TEMPERATURE TRANSDUCER (PRIMARY)
EVAPORATOR OUTLET TEMPERATURE TRANSDUCER (PRIMARY)
INTERCHANGER OUTLET TEMPERATURE TRANSODUCER (SECONDARY)
EVAPORATOR OUTLET TEMPERATURE TRANSDUCER (SECONDARY)
EVAPORATOR OUTLET TEMPERATURE TRANSDUCER (SECONDARY)
EVAPORATOR OUTLET TEMPERATURE TRANSOUCER (PRIMARY)
CABIN TERPERATURE SENSOR

TEMPERATURE CONTROL VALVE POSITION INDICATOR
PRIMARY ACCUMULATOR QUANTITY TRANSDUCER

SECONDARY ACCUMULATOR QUANTITY TRANSDUCER
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Figure 4-1, Atmosphere Revitalization,

Subsystem Schematic
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control function. Even in the heating case, a minimum airflow is maintained
through the heat exchanger to assure humidity control. This flow is estimated
at 200 1b/hr to maintain the dewpoint in the cabin below 61°F with a latent
load corresponding to a crew of 10 men.
4,2,3.2 Ventilation

The airflow through the ARS is returned to the cabin through a duct system
featuring several diffusers; the flow through the ARS provides ventilation
velocities in the crew compartment adequate for crew comfort in zero-g.

4,2.3.3 Humidity Condensation and Removal

Cabin humidity is maintained within the specified 1imit by condensation
in the humidity control/cabin heat exchanger. The extended surfaces of this
heat exchanger are at a temperature level that is lower than the dewpoint of
the process air. As a result, condensation will occur on these cold surfaces.

Condensate thus formed is entrained by the airstream to the exit end of ine

heat exchanger, where it is removed with a small fraction of the process air
through passages provided for this purpose. The condensate removal passages
are an integral part of the heat exchanger; they are located at the end of

the coolant passages and from the air-side constitute an extension of these ‘ »

passages. The two-phase mixture is drawn into the rotary phase separator
(part of the waste management subsystem) for liquid separation and storage; .y
the air from the separator is returned to the cabin.

4.2.3.4 CO2 Control

- = 'ﬁ'ﬂ -
b .

———————

A portion of the fan flow is diverted to the 002 absorber (Item 2.3) and
returned to the main ARS duct upstream of the fan. Thus, the full fan pres-

sure risc is available for the design of the CO2 absorber, Carbon dioxide is

removad by absorption in two parallel, radial-flow LiOH beds. Each bed contairs _~—

AIRESEARCH MANUFACTURING COMPANY )
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4,95 1b of high-porosity-grade LiOH for high utilization efficiency (93 percent
minimum) over the entire range of inlet air temperature anticipated (75° to
110°F).

The airflow rate through the LiOH is 120 1b/hr; at this flow rate, the
CO2 partial pressure in the cabin will be maintained below 3 mm Hg with
L4 men at maximum metabolic rate. Each sorbent bed has a CO2 capacity of
4,22 1b, corresponding to the average daily production of 2 men. In operation
the beds will be on stream for 24 hr; they are replaced alternatively every
12 hr,

With a 10-man crew, the cabin PCO2 will increase tc 6.5 mm Hg; charge
replacement interval is estimated at 5.5 hr.

4.2.3.5 Trace Contaminant Ramoval

0dor removal is accomplished by 0.45 1b of activated charcoal packaged
with the LiOH sorbent,

4,2.3.6 Particulate Matter and¢Bacteria Control

A full-flow filter irstalled in the return air duct upstream of the fan
will collect dust and bacteria from the cabin. A relief valve will permit
automatic bypass of the filter element should the filter pressure drop
become excessive due to clogging. The filter is replaceable in flight.

4,2,3.7 Thermal Control

As shown in the schematic of Figure 41, two loops are routed in parallel
through all the heat transfer equipment and provide the redundancy necessary
for the mission. The two loops are identical.

Starting at the pump (ltem 3.24), water is circulated through the cold
wall panels and then divide into +hree equal streams that are directed to the

avionics bays., These three parallel streams serve as the heat sinks for the

aaARR AIRESEARCH MANUFACTURING COMPANY
oy i 73-9097
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cold plate networks and the avionics heat exchangers (ltem 3.7). The streams
then rejoin, and the entire water flow is cooled either in the interchanger
(1tem 7.7) by the Freon-21 or in one of two evaporators (Item 3.6), depending
on the mission phase,

During the major portion of the mission, the Freon-21 constitutes the
heat sink for the water coolant, During ascent/burn and entry, when the
radiator is not deployed, the entire thermal management system load is rejected
to expendable water in the evaporators. The evaporators also serve as & backup
to the radiator in orbit and supplement the radiator when its heat rejection
capacity is exceeded. The cold water stream from the evaporators is circulated
through the potable water chiller (1tem 4.4) and the cabin/humidity control
heat exchanger (ltem 2,6).

A1l subsystem heat exchangers are multifluid units with redundant passages
to accommodate the two water loops. The air-water heat exchangers (cabin/
humidity control and avionics heat exchangers) feature single air passages.

The interchanger is a four-fluid unit with any one of the water loops
thermally linked to either of the Freon-21 loops. The single exception is the
water chiller, where separate units are arranged in series to provide chilled
water from either loop.

Since the subsystem has no controls (temperature or flow) , the temperature
Jevels will be essentially dependent on the loads and the Freon-21 loop per-
formance. The water flow rate and tne avionics fan flow are adequate ‘o pro-
vide the heat sink‘reguirements and maintain the equipment within the tempera-

ture limitations specified previously.

v
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L4,2.4 Equipment Summary

Table 4-3 lists all equipment contained in the ARS. Monitoring and
checkout instrumentation is included in the listing for completencss; Section 7
of this proposal discusses the instrumentation in more detail. The table
summarizes the design features and performance of the equipment. Also given
are the component weight, envelope, and power consumption when applicable,

Overall subsystem characteristics are summarized below.

(a) Number of components

Functional components: 64 (excluding LiOH charge)
Monitoring instrumentation: 23

=1 | (b) Number of component designs

Functional components: 25
'5 Monitoring instrumentation: 7
(c) Totel wet weight excluding expendables: 38!'.6 1b

(d) Expendable weight {(4-mar crew): 19,0 1b/day

o e T L

(e) Power requirement: 462.5 watts (continuous with one avionics bay

fé active)
%2 802.5 watts (three avionics bays active)
?‘ In addition, power must be provided for heater operation when necessary. The T:
3‘3 electric heater (ltem 3.,9) can consume as much as 1.5 kw (3 phase, 40O Hz, f;
;i 115/200 v). Under these conditions the vehicle will be powered down; the ;
ié fuel cells will easily accommodate this demand. i‘
S e ¥ Most of the equipment listed in Table 4-3 represents new designs. Equip- |
ment such as the cabin fan will be similar to equipment developed for previous
, space programs, The temperature control system is essentially off-the-shelf =
V; | DC-10 equipment modified to incorporate electric heater control capability. -,
3
|
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TABLE 4-3
EQUIPMENT SUMMARY, ATMOSPHERE REVITALIZATION ASSEMBLY

t 1 ’ i .- e s - ——
Ltem j favelope " Y i
Coatone ho, funct conat ard Serfornance waight, Giee, tover, i TQuatire o ll
LA fonerption 0 Roga fiequircrenta ib in, i uoH' categor, 1 deratie e o ceat o
. . SORLAL U S B AL A 1
ot I obtereNbrin 1 fomoyvec particulate matter and 7.0 13 ho by - m N Coome? or Luett Vot
Trap Gacteria trom @it stroan, [ull | :Canivter 27 iung Lam rar tW. corte
| flow folter yorth fiiter otoment | Onlyd . Coatte dge ase ot s
" changest 1o daits A flow ' PR R I B o
© BBO 1b.hr,  tressure drop 5,0 . . Londett torates et
T 0.4 am, Myt Inlet prossure ifFilter i . eopercect anlernton, oro
Y, ] puia.  iperating temp: [tement) : atad oy sla e, ot
LP0RL0F il tration requires . valye o @ emi i £y ot
(vets ) micron obrolute, ‘ ' orper .atd ¢+ e car when
| | CHeliet yalie ceaee , oot e
i i ' ; sere L 0UE e ey
' -. ' + s
el theck Valve, 3 pPrevents recirculation of pro- $0.25 4,8 dio by | - Cogiedder | Futber tlasoers supn tteu s
Pevitalizaticn cess @aif through irective fens, £ fong 1 seeeon n choce directs o,
Fan Flow rate 1000 1b/hr.  inlet | i valve is n»stalled v the
pressure: 14,7 ‘;O.? psid. ' | ducting irmodiatel. dowr-
lelet temp: 120°F (rax). P . streen of the cabi- for.
G.h in. b0 mas ot uperating : . Sin‘lar to Apcllo su.t comm
wmition’.. . ! pressor chech valve.
.38 0y Atsorter s M54cﬂb"{ mcarnontw two L:Oﬂ 6.0 16 by 10 - Hey, -arallcl raJ.al HA cataters
Caniste” canisters rounted in perellel !'by 10 witr ma-ual shutcff valyve
e with appropriate isolation ‘ inlet duct and & checr vol,e
' [ valves and provisions for peri- i \n outlet duct for (tow -rtere
. odic replacement of the LiOH l ruption during recharqe Gooras
& absorbes «n flight. Process | tice, Scrol) type irlet
eir “low- €0 Ib/hr per can- : mer i fold for unifore *1o.
3 . ister at 1,0 in, HpO <P, through the cralc.
‘. . .- , - . - . PR - - . -
. Lo3b (02 absorter cxpends . Remaves CQ, from the atmosphere 7.0 7.75 dis by, - New cadial flow sorbent hed,
' £lement able T by obwrot?on on LiOH, Bed Expends 1.8 tuny Cortains 4. 36 1% LitH a~d
. ‘ includes charcos! for udor cun- ' able 0.4% 1+ activated crarccal
§ trol, Absorber element Oz ' vea contarner iy alun ow
' capacity: 4.22 tb, Crerge with cylindrical starles:
‘ Vife: 24 hr, Cabin CJ; level: steel screees ot riet ol .
3 mm Hg nominel. Maximum COp . outlet, Armalsn felt pee !
removal rote: 0,88 lb/he ' . vents dusting. Charge 4
(10 men)., . ; © designed to maintain PCOy ' o
, 3w Mg in cebin with L mce. u
. P Utitisation efviciercy (.33 H
: ' with 4 men on 12-hr staggercd A
. . charge replacement. Witk 1C
. men cebin PCIy is 6.5 am Hg
. : . charge replacement time is
. N 5.5 br.
—_— .. e - ,
- s.3¢  Shutoff Valve 1 Used to isolate COp abrorber 0.3 2.5 dia by ' gxisting | Menual butterfly valve. i
canisters during charge 3 long . i b
replacement, . ‘ L.‘" by
L s ——- + ]
3 Cheeh Volve 1 Used to isolate CO, absorber 0.15 ;2.5 dia by , Sinitar | Rubber flapper velve similar ! "
caristers during charye + 3 long . te Item 2,2 but for size, I
rcplacumnt. : i l
Y fa, 3 Cir: ulates cabin alr through h,2 4.8 dia by 214 Similar Venc-sxisl type with deswirl |
. Revitoliretion the ARS for purposes of 6.9 long 1 phase vancs, Aluminum construction, ! W
., : . atmcspheric purificetion and 400 H2 . overell efficiency: §1 per= '.’-n_
' temporature control. 115/200 v! cent, Speed: 11,500 rpm, i o
Flow rate: 1000 lb/hr. iInlet Designed for low noise level. *y
. pressurc: 14,7 psla, Pressure ! Estimated tife in excess of v B
| ' orise: 4.0 in, H20, inlet | 18,000 he. fcaring arrange- i
i . temperature:  919F, ; ment similar to Apollo cebin \
‘ ] I fen, !Incorporetes thermel !
. : ! vrotcc!ors.
O S ——— [ e e e e = e — 1 ) St A —— :
N | Heat Exchenger, 1 Provides a hoat sink for cabin ‘&% (Dry) 20,5 by . New Plate fin ncinless steel urit
[ i Cabin/Huidity sir cool ng end humidity condens 61 tWet) i 5.51 by ! : with integrel condensate ;
. - , Control setion ani cvapuration, Weter . 128 | ' reroval sectior. ircorpurates
e . cootent is the heat sink, Col¢ : . redundent coolan. passsacs, .
' ride Leoutont water)=-Flow T . ! 4epsss cross courtersflow X
560 Vb hr, nlct temp: LOOF, ) { arrengement with internal K
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The water coolant pump is a scaled-up version of the Apollo Block 11 pump,
and is repackaged to enhance maintainability.

4,2.5 LRU Definition

The arrangement of the subsystem components into line replaceable
units (LRU's) will depend essentially on installation constraints; however,
factors such as equipment weight, fluid interfaces, and component MTBF will
weigh heavily in the final definition of LRU's and in providing accessibility
to the various subsystem components. In defining the LRU's listed in Table
4-4, major consideration was given to the factors discussed below.

The CO. absorber LRU package (LRU 2-F) must be made accessible directly

2
to the crew to facilitate routine charge replacement in flight, and the filter-
debris trap assembly (LRU 2-D) also must be directly accessible for daily
replacement of the filter element. Adequate space must be provided for handl-
ing the large filters.

The weight of the remainder of the ARS equipment (without LRU's 2-D and
2-F) is estimated at about 100 1b. It i{s highly desirable to break down this
equipment into smaller LRU's. Furthermore, removal of the condenser because
of its interfaces with the two water coolant loops and because of its weight
(61 1b) should be avoided unless the condenser itself has failed. Condenser
failure can only occur by leakage. To ensure that the condenser is not re-
moved from the system by error, provisions must be incorporated to permit
visual inspection of the unit for leakage. A dye in the water loop is recom-
mended to facilitate inspection. Internal leakage (water into the process

air stream) could be detected by Inspection of the humidity condensate line to

the phase separator; external leakage detection will have to be in situ. The

condenser need not be accessible as a component LRU for this purpose. For these
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reasons, the condenser Is considered a shop replaceable unit (SRU) packaged
with the heater (item 3.9) and the temperature control valve (ltem 3.2). These
two ltems will be checked out by means of BITE on the temperature controller
(1tem 3.4). They need not be accessible for ground checkout purposes; however,
packaging should be such that either of these components can be removed from
the vehicle without the necessity for condenser removal.

it is desirable in terms of spares provisioning that the fans be removable
separately. Efforts will be made to package the fans in such a manner that
each fan is an LRU. Accessibility will depend essentially on the available
space for the ARS.

The remainder of the ARS equipment will be replaceable as single component
LRU's.

The cabin temperature selector (1tem 3.5) will be panel-mounted in the
crew compartment. The temperature controller could be located either with the
selector or under the floor with the remainder of the ARS. The controller
incorporates the capability for checkout of the entire temperature control
system, including the temperature sensors (1tems 3.1 and 3.3), the control
valve (lItem 3.2), the selector (Item 3.5), and the cabin heater (1tem 3.9).

For ease of checkout it is recommended that the controller be located with
the selector in an easily accessible area.

The cabin temperature sensor (ltem 3.3) will be installed in the cabin.
Because the process air to the ARS is used as a heat sink for cabin electronics,
the temperature of the air in the ARS return duct is not representative of
cabin temperature. Provisions will be made to assure adequate flow over the
<ensor (300 ft/min mintmum). Packaging the return duct sensor (ttem 3.1) for

removal as a single component should not present any difficulty.
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Depending on installation constraints, it is desirable to have the avionics
fan packages 3-B-2 removable as a unit separate from the avionics heat exchanger.
This apptgach w11l reduce maintenance time appreciably because fan replacement
will not invaTczﬂgzéaking the water coolant loops.

As mentioned previously, the primary and secondary pumps are packaged as
separate assemblies and will be replaceable as such. Depending on accessibility,
however, it would be desirable to break down the pump packages into smaller
LRU's to minimize spares inventory and possibly reduce the turnaround time in
the event of a component failure within the pump package. The pump motor
could be replaced without breaking into the water loop.

Special provisions will be made so that the pressure transducers will be
replaceable without having to service the entire water loop. This will be
accomplished by isolating the failed transducer from the loop and either evacu-
ating that small portion of the subsystem between the transducer and the isola-
tion valve. A better approach would be to flush, with water from the accumu-
lator, the air trapped in the transducer downstream of the isolation valve.
Since maintenance will be effected on the ground, advantage will be taken of
the gravity field in packaging the transducers.

The flash evaporator is a relatively heavy and bulky component. To enhance
maintainability, all components within the evaporator package, including the

spray nozzle, should be accessible for replacement as separate LRU's.

4,2.6 Equipment Packages

Using the above guidelines packages were developed for the major LRU's
contained in the ARS. The packages described below are:
€0, absorber assembly (LRU 2-F)

Cabin heat exchanger assembly (LRU 2-A-2)
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Cabin fan assembly (LRU 2-A-1)
Air-cooled avionics package (LRU 3-B)
Water pump package (LRU 3-i-1)

4.2.6.1 COy Absorber Assembly (LRU 2-F)

N

This LRU, depicted in Figure U-2, comprises the following components:

Two €0, absorber canisters (ltems 2.3a)

PRI N

o } One butterfly shutoff valve (ltem 2.3c)

=
¢

One check valve (ltem 2.3d)

In addition, the canisters will house the CO, absorber elements.

This LRU should be installed in the cabin area with the canister covers
and the shutoff valve accessible to the crew for charge replacement.

The two canisters are mounted (top and bottom) on an aluminum frame that
will be secured to the vehicle structure at eight locations. Removal of the

LRU entails undoing the right mounting bolts and disconnecting the two V-band

clamps on the inlet and outlet ducts. The valves and ducting are mounted on

the canisters by means of hose-band clamps.

overall dimensions are 24 in. by 16 in. by 21.5 in. The total weight of

S IR LN P ot e p m e g e s amam

the assembly is 17.7 1b, excluding the two LiOH sorbent beds.

4.2.6.2 Cabin Heat Exchanger Assembly (LRU 2-A-2)

This LRU is shown in Figure 4-3. The package was developed assuming com-

Ra Ao BET I d.&’”

patibility with the vehicle structure. The three components comprising this

e, .

assembly are mounted on a structure that attaches to the vehicle by means of ,

'{.

i‘?“‘?‘“’ TERSEOM L e -

bolts. A mixing chamber is provided to minimize losses while assuring good
mixing between the condenser and the bypass air streams.
Hose-band clamps are used between all package components. It is desirable

to have all components accessible for removal from the vehicle as separate LRU's. -]
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The weight of this LRU including structure is estimated at 81.8 b, A
hoist will be necessary to assist in replacement of the condenser. The hoist
point is shown in Figure 4-3.

Replacement of the temperature control valve or the heater will requirc
removal of the two hose clamps and the screws securing these components to the
LRU frame.

When the condenser needs replacement, the entire assembly will be removed
from the vehicle. This will entail disconnecting (1) two water coolant loops,
(2) two V-band clamps on the inlet and atlet ducts, (3) the electriéal con-
nector to the valve actuator, (4) the screws securing the frame to the
spacecraft, and (5) the condensate line to the waste management phase separators.

4.2.6.3 Cabin Fan Assembly (LRU 2-A-1)

This package (Figure U-4) was developed to provide minimum size while
maintaining acceptable flow paths within the manifolds. In this respect a
longer package would be preferable. The complete package incorporates three
fan-check valve subassemblies (1 ems 2.2 and 2.5), two pressure transducers
(1tems 2.100), and cylindrical inlet and outlet manifolds. The entire assembly
is secured to the spacecraft structure by two bolts on each manifold. The air
inlet and outlet ducts could be turned at any angle to accommodate the inter-
face constraints of the vehicle ducting and the cabin heat exchanger assembly
(LRU 2-A-2).

The transducers are mounted on the inlet manifold by four screws and
should be made accessihle for replacement as single components. The fan-check
valve subassemblies are supported between the two manifolds by means of V-band
clamps. They can be removed separately by simply disconnecting the V-band clamps

at the inlet of all three fans, the V-band clamp at the package inlet, and the
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transducer sanse lines. Thi. will provide —afficient cpace bar panod [
fan by disconnect ing the fan connector and the P TV I IR TT PR B TE RN VIR B
the fan being replaced.

The estimated weight of the entire package ie 20,5 1b,

4.2.6.4 Nir-Cooled Avionice Package (LRU 3-F)

Figure 4-5 showe the air-cooled avionics pachage.  Three wuch packoe
will be necessary‘to provide the heat sink capabilitice for the three sbicle
avionics bays. The package includes the following eaquipment

) Avionics heat exchanger (ltem 3.7), a threc-fluid urit with

redundant water passages
‘e Two fans with check valve and debris trap (tteme 3.10, 3.11 and 3.1C

° Two pressure transducers (ltem 3.152)

The heat exchanger flanges are bolted to the inlet and cutlet menifolds.
The fans are mounted in thc duct by means of V-band cuick-release clanps.

The fan inlet duct is connected to the avionics ducting by means ~f a beaded
hose connector. The heat exchanger outlet manifold (not shownj is also cor-
nected in the same ranner. Both pressure transducers are installed on the
same side of the packege for accessibility; three screws secure each transduce:
to the heat exchanger manifold.

For all packages involving the thermal loop. the air-cooled avioaic
package was designed to provide component accessibilitly and perrit coipnm ol
removal without having to disconnect the water coolant lires. Beth tronudaves
are readily acce~sible. Removal of the fan assembly (includina check valw
and debris trap) can be effected by disconnecting (1) the inlet trapeitio
duct (beaded hose connector), (2) the V-bands at the inlet of toth far
(to permit removal of the transition duct). (3) the V-band ut the outlet

of the fan being replaced, and (4 the electrical connector to the .
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The overall dimensions of the package are 22 in. by 11 in. by g.62 in.,
as shown in the figure. The weight =f the components is calculated a« 25.2 1b
wet: the overall package weight. including ducting and mounting<, i< e timited
at 30.3 1b.

4.2.6.5 Evaporator Assembly (LRU 3-A)

The evaporator assembly is depicted in Figure L-6. The package include-
the flash evaporator wiih spray nozzle, the evaporator controller and sensors,
and the evaporant water control valve.

Overall dimensions are given in Figure 4-5. Total package weight

including the structure is estimated at 73 1b. The frame supporting the
61-1b evaporator is designed so that the unit can be mounted to withstand
vertical or horizontal acceleration loads. The frame is such that both units
could be mounted side by side. .
Removal of the evaporator package will involve the following:
Disconnecting the evaporant water feed line
Disconnecting the water coolant loop lines
Disconnecting the electrical leads to the power supply
Disconnecting the vacuum duct
As illustrated in Figure 4-6, all components of the package are
accessible for removal as LRU's without the necessity for removing the
evaporator itself. Even the spray nozzle is accessible from the side of the
package.

4.2.6.6 Water Pump Package (LRU 3-1-1)

The pump package is depicted in Figure L4-7. The secondary pump package is
identical o the primary. Removal of any of the pump package components (accu-
mulator, filter, pump proper) will entail breaking into the water coolont loop;

therefore, no attempt was made to provide component-level in-line replaceability.

w
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The filter is designed to match the 18,000-hr life of the pump. The punp
motor , however, is accessible and can be removed without opening the loop.
in locating the pump package in the vehicle, provisions should be made to take
advantage of this feature. Failure of the motor ball bearings due Lo lack of
lubrication is the normal failure of the pump package.

Envelope dimensions of the pump package are 10 in. by 8 in. by 6 in. The
weight is 16 1b.

It is recommended that the AP and P sensors be made accessible as separate
LRU's.

4,2.7 Equipment Redundancy

The equipment arrangement depicted in Figure L4-1 was developed to satisfy
the space shuttle requirements as dictated by crew safety and mission reliabil-
ity considerations from the prelaunch phase to landing. The following discus-
sions highlight the capabilities of the subsystem in this respect.

4,2.7.1 Debris Trap (ltem 2.1)

Blockage of the filter element will result in a failure. The blockage
will occur over a period of tim:.. and will cause a slow deterioration in per-
formance rather than a complete failure of the ARS functions. A AP sensor will
alert the crew of the need for filter replacement. The indication will be
given before performance degradation significantly affects overall flow through
the system.

A relief valve built into the unit provides against complete failure of
the filter element.

4.2.7.2 Cabin Fans and Check Valves (ltems 2.5 and 2.2)

Three blowers are provided in parallel. The estimated 1ife of each blower
is approximately 18,000 hr. The three-blower arrangement provides a fail-
operational/fail-safe (FO-FS) configuration. Only one check valve is used with

E AIRESEARCH MANUFACTURING COMPANY 73-9097
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each blower because of the very high reliability of the check valves and of
because of the very low probability of a series check valve-blower failure.

A AP indicator will alert the crew of a blower or check valve failure.
A1l blowers should be checked between flights. Redundant sensors are used.

4.2 7.3 Cabin Heat Exchanger (ltem 2.6)

The condenser incorporates redundant passages for the two water coolant
loops. The separator is a purely static device. The only mode of failure of
this unit is structural and occurs through plugging of the suction holes be-
tween the airflow passages and the condensate manifold. Since complete block-
age of all the holes is almost impossible, no redundancy other than providing
numerous suction holes is necessary.

4,2.7.4 €O, Removal Assembly (1tem 2.3)

The canisters are-pressure vessels. Operation on one canister is adequate
to maintain PCO, below the maximum aillowable. Operation of the valves (check
valve or diverter valve) in the package is not essential in a pressurized cabin.

The integrity of the LiOH charge is backed up by a U-day contingency
reserve. Failure of a charge to absorb 002 will result in cabin PCO, being

higher than normal.

4,2.7.5 Temperature Control System (1tems 3.1, 3.2, 3.3, 3.4, and 3.5)

None of this equipment Is redundant. Adequate backup is provided to
permit missiorn comple*ion through manual override. Failure of the sensors
(ttems 3.1 and 3.3) or the centroller (ttem 3.4) circuitry will result in loss
of the automatic function; however, the temperature selector incorporates
manual override provisions so that the valve can be actuated directly, thus
bypassing the controller function. In addition, a manual override is provided
on the valve itself and is used to disengage the actuation mechanism and

position the butterflies.
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4.2.7.6 Electrical Heater (ltem 3.9)

Failure of the heater does not involve crew safety. The heater is only
required during low-power level conditions. By increasing power level,
intolerable situations could be remedied without compromising mission success.

4.2.7.7 Transducer Power Supply (ltem 3.8)

This component incorporates a triple-redundant power supply function.
The signal conditioning elements to each transducer are not redundant.
Failure of these elements will result in loss of function equivalent to loss
of transducer. Instrumentation redundancy is discussed in Section 7; adequate
redundancy and backup is provided to assure FO-FS for all critical functions.

4,2.7.8 Water Coolant Loop

Although most of the equipment of a thermal loop can generally be con-
sidered as pressure vessels (lines, heat exchangers. reservoirs, etc.), a
number of essential components such as vaives, pumps, and controllers tend to
compromise the reliability of these loops. For space operation, the thermal
loop is essential not only to provide a comfortable environment for the crew,
but also to assure proper functioning of other vehicle essential subsystems:
namely, the vehicle power supply and electronic equipment. Consequently,
provisions must be made to ensure against loss of thermal management that
could be the result of a catastrophic failure, such as coolant line breakage
and heat exchanger failure through blockage or leakage. Such pressure vessel
failures can be minimized by incorporation of redundant loops. Thi¢ approach
has been used successfully on previous manned space vehicles, and is
recommended for the space shuttle.

The schematic of Figure 4-1 was developed to provide a high degree of

reliabitity. Adequate redundancy has been provided to permit operation at

design performance after failure of any one component. Degraded mode operation

v
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can result from a second failure, depending on the functions of the two failed
components (or modules). Degraded mode operation could result in (1) cabin
temperatures exceeding the limits specified for crew comfort, and (2) the
requirement for minimum power operation.

4.2.7.9 Interchanger (item 7.7)

The interchanger is a four-fluid heat exchanger of stainless steel con-
struction. The exchanger itself is a pressure vessel, so that FO-FS does not
literally apply to this unit; however, much redundancy is provided because any
one of the Freon loops can be used to cool either of the water loops. Such a
four-fluid unit provides a degree of flexibility that, with two interchangers,
could only be achieved through the use of numerous switchover valves that
would compromise the reliability of the entire system. Since the interchanger
constitutes a single-point failure for the system, its location must be care-
fully selected to protect it from hazards resulting from meteoroids or catas-
trophic failures of other subsystems. As mentinned previously, the unit itself
will not fail totally. If leakage or blockage in one set of passages occurs,
the redundant loop is available as a backup.

4,7.7.10 Water Chiller (item h.4)

One water chiller unit is provided in each loop. ‘ine cooling water flows
through a serpentine tube within the reservoir. Failure of this unit corresponds
to a prime structure failure.

4,2.7.11 Water Pumps (ltem 3.24)

v
.

The hermetically sealed centrifugal pumps have inherent long life capa-

bility, as demonstrated by life teéting of the Apollo water-glycol pump. The

estimated 1ife of the pump is in excess of 18,000 hr.
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Two pumps are provided in each module to permit flexibility of operation
. (both systems are identical) and to assure fail-safe conditions in the case
e F where one water loop fails and one pump fails subsequently in the other loop.

A second pump in a secondary system is then necessary to assure flow in the

R

loop and fail-safe operation. The incorporation of two pumps in the secondary
loop results in a 2-1b penalty.

The accumulators have steel bellows that maintain system pressure. Such
bellows can be designed for infinite life, and the accumulators are considered

highly reliable units and require no backup. Accumulator failure is similar

to failure of a primary structure and will require switching to the redundant
Yoop.

The filter serves to protect the pump against debris entrained by the
water. Rather than complete plugging, filter failure will be the result of

accumulation of debris on the surface of the filter element. This will slightly

reduce the coolant flow through the loop and result in performance deterioration.

20T

A AP sensor across the filter will detect filter deterioration.
The check valves installed at the outlet of each pump are highly reliable

and have been demonstrated as such in Apollo service. Failure of a check valve

i

on an operating pump will have no effect. Failure of a check valve on a non-
operating pump is very unlikely in flight; such a failure will require pump
switchover and, if the redundant pump also is failed, loop switchover.

4,2,7.12 Air-Cooled Avionics Loops

The air-cooled avionics loops are essential for mission completion and
crew safety. For this reason, parallel blowers are used in each loop. Avionics

redundancy is provided by the three separate bays.
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Single check vlaves are installed on each blower., This appcars adequate in
view of (1) the very high reliability of the check valve design, and (2) the very
low probability of a series check valve-blower failure. All blowers and check
valves will be checked between flights. A P indicator across the check valve

blower assembly will monitor performance.

The heat exchanger incorporates dual coolant loops to accomodate the redun-

dant water loops.

4.2.7.13 Evaporator Packages (ltem 3.6)

Redundant evaporator assemblies are provided. Each assembly can provide
cooling to either water loop through a separate control system. Considering the
two loops and the two evaporators, the FO-FS criterion is satisfied. Also, the
ammonia evaporators could provide cooling in emergency for a 20-min period at

full power.

4,2.8 Redundancy Management

The general guidelines defined in Section 3 were used to determine the sen-
<ors necessary for control of the subsystem redundant elements in flight. The
requirements for crew intervention were also identified. The ARS redundancy

management requirements are summarized in Table 4-5.

Historical data have shown that the sorbent beds (static devices) inherently
are very effective and will not fail in service. The humidity control/cabin
heat exchanger can fail only through leakage, which is considered here as coolant
loop failure. The condensate removal device consists of slots at the exit end
of the condenser and is not subject to pluggings a filter in the ARS ducting will
preclude dust entering the unit. Loss of the condensate removal function vii bl

be traced to the phase separator in the waste management system.

A critical review of the equipment contained in the subsystem indicates
that the fans and the temperature control system are the high failure rate

elements.
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Fan failure will be detected immediately by the fan LP transducet (=)

interpretation of the data is extremely sivple, as i« the Correct e e Ui
Failure of the temperature contral syster will be detected through Uiy
and low temperature in the cabin. This identification paraetee combd b K
what sluggish, depending on the failure and on the loady at the tire ot the
| failure. Ample time is available for corrective action, Here, failure oi the
automatic control systen will involve manual control through the end ot the

mission. The cabin temperature selector design incorporates provisions tor
positioning the flow diverter valve directly, even in the event of a controller
failure. Furthermore, the diverter valve actuator can be overridden manually

through direct action on the valve itself.

Because of the relatively slow response of cabin temperature Lu a failure,
corrective action will require a stepwise procedure and monitoring of the cabin
temperature for a short time period to determine vihether manual operation can be

effected through the selector or through manipulation of the diverter valve.

High cabin PCO2 can be corrected only by changing the LiOH charqges. This

conscitutes a very unlikely failure, as noted in the table.

»e

Heater failure (on or off) may not be readily detected through subsystem
performance paramcters, depending on the cabin loads and the cabin temperature
- setting. Provisions are inc~rporated in the system to prevent overheating of
the equipment in the event of heater-on failure. The necessity of the heater
for mission success will depend on the cabin loads, which are essentially
. ,W,Ji s determined by vehicle orientation and electrical load profile. Urdoubtedly,
heater failure could degrade particular missions. Consequently, a warning

signal through rhe controller BITE circuit is incorporated to yive indication

of failure.
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Before defining the instrumentation necessary for ronitoric e oo
mance (or the health) of the coolant loop equipment, L i appar inte
identify the possible failure nodes of this equipment. Heatb oo v
fail only through leakage. Thermodynamically, a heat cechanoer can on o
normally even if it leaks. Therefore, temperaturc Measurerents it oot
provide the information necessary to identify heat excharger failure. Lo oo,
however, can be determined by the quantity of fluid stored in the luop
accumulator.

The water coolant pump assures flow through the system, and as long as 1l
flow is maintained, the heat exchangers will perform within specificatiovn. Thu
purnp performance, as measured by pump pressure rise, is an essential para-cte:
in terms of redundancy management.

Another parameter of importance is the pump inlet pressure. This para et
determines :cumulator performance and provides an indication of exces - ive
Jeakage that should have been detected normally by low accumulator quantitw.

The only redundancy management actions involve switching pumps in the
primary loop or switching from the primary to the secondary loop. The firat
aclion will be taken upon pump failure, and the secona in the event of tuo
pump failures, leakage, or accumulator failure.

It is recommended that the Freon-21 and water loops incorporate blow-uut
plugs to prevent overpressurization of these circuits. The water loop pluu
should be located in the unpressurized area of the vehicle near the interchaytger,

The avionics cooling air loops consist of a heat exchanger and redundant
fans with associated check valves and debris traps. The only eguiprent to
monitor in flight is the fan, check valve, and debris trap assemblies. This
is done by P monitoring. Heat exchanger leakage is monitored o divou wed

above.
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ly,3 ATMOSPHERIC CONTROL SUBSYSTEM (ALS)

4,3,1 Functional Reguirements

The functions of the atmospheric concrol subsystem are (1) vRyner storane
and supply; (2) nitrogen storage and supply; (3) cabin oxygen partial pressure
(POZ) and total pressure (PT) control; anu (4) miscellaneous services, including
water tank pressurization, airlock and tunnel pressurization and depressuriza-
tion. EVA support, and emergency supply. Redundancy of components ir this
subsvstem provides total system operation after a failure of any component
and total system operation to the extent of crew safety after a second failure
of any component.

Oxygen from this subsystem is used for the following:

(a) Cabin metabolic consumption

. (b) Cabin and avionics bays leakage makeup
(¢) Airlock and tunnel pressu:ization
(d) Cabin repressurization
(e) Prebreathing prior to EVA
(f) PLSS recharge

) . (g) Emergency breathing

o]
. Nitrogen from this subsystem is used for the following:
. (a\ Cabin and avionics bay leakage maneup
N 4
j (b) Water tank pressurization
A (c) Airlock and tunnel prescurization
v g
g4 o= (d) Cabin repressarization
&
B I
- |
|
. !
- )
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4.3,2 Performance Requirenents

The space shuttle specifications that influence the design of this subsysten
are listed in Table 4-6.
TABLE L4-6

DESIGN REQUIREMENTS

Design Parameter . J___> Requirement ‘
Cabin total pressure 14.7 20.2 psia '
Cabin PO, 3.1 #0.1 psia !
Design crew size 4 men (10 men maximun) ! ]
Vehicle leakage rate 10 1b/day 4
Crew 02 consumption 1.76 1b/man/day 1
Mission duration 7 days
Contingency emergency duration L dayc
Maximum duration of atmospheric supply 11 days !
I and control .
|
i Cabin volume 2000 cu ft
Airiock volume 250 cu ft
I
Avionics bay volume 127 cu ft (total number @
per vehicle: 3) 1
. ; .
Airlock repressurization time 5 min ! !
Cabin repressurization time (from 1 hr [
! 0 to 14.7 psi) S
| ‘
% Avionics bay pressure with respect -0.4 psid J
i to cabin
; Maxitum avionio Loy pressure with 20.6 psid
respect to cal i
i Watlor tank jre ot 18 (+3, -0) psig
i . e
% Portable crergency supply 12 1/min at a regulated
i pressure of 70 to 100
' . e
i psiy and a temperature of :
g 35 to 70°F for 10 min minimum
| N —
B Lo
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4,3.3 Subsystem Description

A schematic of this subsystem is presented in Figure 4-8. The oxygen
storage and supply, nitrogen storage and supply, and cabin PO2 and PT control
are triple redundant; each of these functions are accomplished by a primary,
secondary, and auxiliary (emergency) module.

4.3,3.1 Oxygen Storage and Supply

Primary oxygen supply is prcvided from the primary cyrogenic oxygen
supply for the power reactant system distribution (PRSD) . Similariy, the
secondary oxygen supply is provided from the secondary PRDS cryogenic oxygen
tankage. Oxygen from both of these sources is delivered to the ECS at a nominal

pressure of 900 psia and a temperature from -200° to +160°F. Tl secondary and

primary oxygen supply modules are identical. The delivered oxygen flows through

a capillary flow restrictor-heater (Item 1.14), which limits the flow to 7.5

£

Ib/hr and the temperature tc a minimum of -40°F. The restrictor-heater is a

= capillary tube wrapped around two parallel lengths of the Freon-21

thermal coolant loop. Both legs of the primary and secondary oxygen supply

>

connect into a common manifold, and each leg contains a check valve (Item 1.15)

N e

to prevent counterflow in either of the legs, thus isclating the supply lines

.4

in event of failure in the cryogenic delivery system.

= The auxiliary (emergency) supply consists of two PRD-49 filament-wound,

L

aluminum-1ined spherical tank modules. Each spherical tank contains

37.5 1b of usable oxygen. The storage pressure at 7ODF iv 3000 psig. When high
oxygen flow rates are required {o maintain cabin pressure, exceeding the cryo-
9 genic supply delivery capability, the high-pressure oxygen tanks will furnish
the necessary capacity. During cabin repressurization and/or airlock repres-

4 curization, the maximum flow rate from each tank module can be as high as

-
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RE 150 1b/hr. The expulsion of the oxygen during repressurzation may causc the
temperature to drop to -20°F. The oxygen auxiliary supply contains sufficient

oxygen for one cabin repressurization, for seven airiock rcpressurizations, and

for 4-day emergency contingency. in adddition to the tanks, each module
includes the following equipment:
(a) oOne solenoid isolation valve (ltem 1.20b)

(b) One pressure regulator/relief valve (Item 1.20c) that controls the

pressure to 800 psig
(¢) One rill and safety valve (1tem 1.20d) that incorporates a burst
disc for protection in the event of tank overpressurization
(d) One pressure transducer (ltem 1.108 or 1.109)
The auxiliary oxygen supply is routed to the common manifold between
the secondary and primary supply. The regulated pressure of 800 psig and the
check valve in the auxiliary legs prevent use of auxiliary oxygen during
normal operation. The auxiliary supply is regulated to a pressure slightly
lower than the primary and secondary supply to prevent usage in normal opera-
tion, yet the tanks can be maintained on stream.

4,3.3.2 Nitrogen Storage and Supply

Nitrogen is stored in eight PRD-49 filament-wound, 5096-0 aluminum-1ined
spherical tank modules. initially, each tank contains 25 1b of usable nitrogen %
at 3000 psig. Each tann module contains a solenoid isolation valve (Item 1.21b), b
a fill/safety valve that incorporates an overpressurization burst disc (1tem
1.21c), a check valve (Item 1.21d), an a pressure transducer (ttem 1.100
through 1.107). Nornally, only one tank will be on stream at any one time,

and all tanks are manifolded together. Three separate lines are fed frou

this manifold. Each line includes a solencid isolation valve (ltem 1.19), ~—
—  ——
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a pressure regulator valve (Item 1.25) that controls downstrean pressure

to 140 psig, and a check valve, This arrangement provides regulator/relicef
isolation capability. Downstream of the check valves the three 140-psi lines
join into a second manifold from which nitrogen is distributed to the cur-
position control module and the water tank pressure regulators.

4,3,3.3 Cabin PO2 and PT Control

Cabin partial oxygen pressure and total pressure is normally maintained
by one of two redundant modules; only one module is on stream at any one time,
Depending on the cabin oxygen partial pressure,the module will selectively
feed oxygen or nitrogen to the cabin. Manual shutoff valves (ltem 1.9) located
on the two-gas control panel isolate the oxygen and nitrogen supply to the
module in normal operation. Oxygen is routed to a regulator/relief valve
(l1tem 1.7) which reduces the pressure to 100 psig. The nitrogen and oxygen
lines in each control composition module are mated into a comron manifold
that leads to the cabin pressure regulator (ltem 1.2). When the cabin pressure
decreases, the cabin pressure regulator will open, allowing either nitrogen
or oxygen to discharge to the cabin. When the cabin oxygen partial pressure
reaches 3.2 psia, the PO2 sensor (ltem 1.12) in conjunction viith the PO2 con-
troller (1tem 1.13) opens the sz control solenoid valve (ltem 1.11) in the
nitrogen supply line; nitrogen at a higher pressure than the oxygen supply
will then flow through the cabin pressure regulator to maintain total cabin
pressure. A check valve (1tem 1.8) downstream of the oxygen regulator (1ten
1.7) prevents.the flo of oxygen when the PO2 control solcnoid valve (ltem 1.11)
is open. When the cabin PO2 drops to 3.0 psia, the PO2 control solenoid valve
is closed by the PO2 controller. This enables oxygen to flow to the cabin

woon demand.

- o
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Upon failure of both composition control modules, the cabin total pressurc
and cabin oxygen partial pressure are maintained by tuo manually operated
valves (ltem 1.9) tied-in with the nitrogen and oxygen manifolds. Certain
PO2 and PT information (ltems 1.500 and 1.190) will be used by the crew for
this purpose. Restricting orifices (Items 1.17 and 1.18) in the emergency
lines limit the flow to specified values. The emergency valves will be ranu-
ally manipulated as required to maintain the cabin pressure limits. Figure
L4-9 graphically illustrates the cabin total and oxygen partial pressure
cycling during a typical emergency situation.
A relief valve (ltem 1,1) with redundant elements prevents uverpressurization

of the cabin. The valve is sized to maintain cabin pressure below 15.7 psiqg.

4.3.3.4 Water Tank Pressurization

Nitrogen from the 140-psig manifold is reduced to 18 (-0, +3) psig by two
dual regulator/relief valve modules (1tem 1.10) to pressurize the two 100-1b
water tanks. The redundant elements in each valve can be isolated manually.

4.3.3.,5 Avionics Bay Compartment Pressurization

The avionics bays are pressurized by flow from the cabin through a pressure
regulator (ltem 1.3) which maintains the avionics bays at a pressure 0.4 psig
lower than cabin. In the event of cabin depressurization,or avionics bay over-
pressurization (as in the event of a fire in the bay), redundant overboard
pressure relief valves (1tem 1.37) will limit the pressure in the bays to 0.6
psid above the cabin pressure. Blowout panels between the avionics bays and

the cabin are provided to prevent structural damage in emergencies.
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4.3.3.6 Airlock and Tunncl Operation

A manually operated valve (ltem 1.77) is used to depressurize the airloch
by venting to ambient. The airlock depressurization valve (Item 1.77) will
be operable from inside and outside the vehicle. Manually operated valves {
(Items 1.6 and 1.38) are provided to repressurize the airlock and tunncl
from the cabin. These valves can be operated from within the cabin and aiso
from within these compartments. Redundancy provides fail-operational capability.

~7' L,3.3.7 EVA Support
Oxygen from the 900-psig manifold is routed to connectors for PLSS

recharge and prebreathing. Two EVA support panels are provided. Each panel

incorporates provisions for PLSS resupply through a connector (1tem 1.53). In
addition, the oxygen from the manifold is reduced to 100 psia and routed to

connectors for oxygen prebreathing prior to EVA. Shutoff valves (ltem 1.46)

Sewlter s geenm eneewmaent CC ot
~a
;

isolate the connectors when not in use. A pressure gage (1tem 1.79) is used ’
i for monitoring PLSS recnarge operation. These gages also can be used as

backups for the manifold instrumentation.

4.3,3.8 Emergency Oxygen Supply

Emergency oxygen is provided to the crew for use in cases of atmospheric T "
contamination or cabin depressurization. The EVA support mask disconnects can
be used for this purpose. Oxyger at 100 psia is delivered to two conneciuvis i
on the crew support panels to provide extended emergency oxygen breathing

capabilities. Four portable oxygen units (ltem 1.72) are stured onboard the

vehicle: each unit has the capacity to support one crew man for 10 min in an
emergency. The portable oxygen units can be recharged by using the tigh

pressure connectors located on the EVA support panels.

[ S
e
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L,3.4 Equipment Sunmary

Tabla L4=7 summarizes the characteristics of the cquiprent shown in the
schematic of Figure 4=8. The instrumentation is included in the table,
Reference is made to Section 7 for a discussion of instruments, The atnon-
phere control subsystem is characterized by a large number of cunponents.  This
is the result of the numerous functional requirements and the high decgree of
redundancy necessary to provide FO-FS.
- A summary of the data of Table 4-7 is presented below

Number of Components

.; Functionai corponents 124
, - Monitnring instrumentation 36
: Number of Component Designs
: Functional components 30
1 LT Monitoring instrumentation 9 )
=) Equipment Weight
; Fixed dry weight 467.5 1b (including b4 port-
‘ w able emergency 0, supply)
Expendable weight (02-N2) 275 1b
. »
: Launch weight 742.5 1b ,
& Power Requirements 4 w for the PO, controller .
(all instrumentation trans=- §
ducer power is supplied by
Item 3.8)
In selecting components for this subsystem, emphasis was placed on .
o e ‘.’ 3 . 3 .
o commonality to reduce ini.ial co.t and spares provisioning. Examples include:
Y (a) Gas Shutoff Valve--A standard Carleton toggle valve is used Lo
provide the functions of |tems 1.9 and 1.46, A total of il toqqle
’
shutoff valves are used. -
3 -
s =
. 3 muavs) AIRESEARCH MANU“UL:?:T,(:&??.?:.'?\", ]3‘9097
Page 4- 54




LA

! N
i | . . , :
] . e e . .
. I | e :
. . ’
i . . 4 B - . 1 :
B . , PR s . .
i T v 0 A" Uw o rert N
' . ’ T P
! . . - ey . t !
S . T B ' * :
N N i
. . - . N o Py v - . -
i
LU - A ] B [ - S )
P L LN :
G e el e el e e “
L] EETIR 1 7L A R e )
. . LS RS or P @se ) NELE- B
- . o [ TR S R L ] N AR HE NS SR -
. [ S Lot e - FLRPRNY-T- B - 14 4 5790 03 Lf fasn b.d Lo iy
- e ey e DB § a - LA et cher ey oy any mop o s EST-IOEIREY N B AT . w.a C v
< 3,7 Wi WOBITTHAT -BIG YIO§
R T2 LR 2] tyipati OO 18 G o LA 3ad ey
- TR S TR Tt Sy R -t .00 170 1, anyos WOy AR Oonc U ..
. [ . g et - [t o, . e e o3 PRRES TR T I R AR St LY L2, NS P S P RN I "’
) T103l TPr-@
> - R .. 31 3t 44y 31 01 £ 5 -t L TS dG) ©.
L . . eppesy |- 023 1 8§07 *opu8 0y €1 |- wedy 108 170,
R i . bt e nity o# d69iand0L tpicd G- O3 )= IBUP- 21d ' o) 2340 e
RS- SN 4L el 24C ", LCLPITOY 0oy On - [ S0IE AN A 24 404 u1UDd O DAL IS4 34N 210 W3C(4lt  dir LI N VS I S PRl

T1adl 3
St aadwdi tp1-0 Geg. uieddpin O3 L 3 J) 1BITI
W R AN R A A A T O R t1a-d o) gL-iou

R . e o oy - L 10 R Lan . @ad 3RpIr TAp 3 L Labeqt 3 IuoLAY » 2
s~ L D NP RS . SLED DY) O] MOLL O3 5P HURMORLE C§ BT E3%-) e m W
LA T B R ST - e N S L) gt - M) R T BT Ry T e AL AR S “ . Ty W,w
Srpo; WM
v - fer wCLfet ~a 2 »Num
R S R e T R ] caaL 3L 0% i3 MOpY LOLLESLT -2 & 2
i~ .= .. Dol ey, ofha 3G PR Ll 4 e 10 B4 Qa0 ot S04 ag 3 =1t

-2 T T T el sty pavil Ldid MOfG 1ed00 Dreen bied G tpecdou t 4 O

- . VLt DT SRt Ge iyl O i e aad juje) L d ot e Te RES I T “

P - - . T ey LN S R Y Pt W - ¢« 3L b aan . @ g 1Oy RN R TR AL e R A A ] .. rid - w

-

L A S Ted? =

AR A e L THiea. L @@ Ty PRI TR {T B B NS PR SR R L ] . ¢ m

- Tl deat A AN e PN ' PRI 2 BV i o

LY [T ] B DL e Beory - w0 Y L R N A L LU DABADAG e B . - . - u.

<

LS Wy Vo . A b

Oy

W3ILSASANS TOYLNOD 3IYIHASOWLY ,
‘ AYYWHNS LNIWJIND3

[-% 378vYL




MNaw, .,

N,
AW e

v >

c-
. . -
. . . "’ oo N
. RN 5 . .
) . oo .o .«
: . I '
T ] PR . oo . -
ap. e PN R N T .
B 3 . e . .
L I B ' -, CE ] :
. . . PR S B '
-y PP SN Ve
RN [P Loa, e L
- . ) ot
el . A B [ R
P e, o . v Lo
L T e e . ¥
.
TR TN g,

o2 LN L rad

N B e PRI Y TN EATRILLE A

“3ac 2.0 i

N T LBt 3 .01, RE0 gl

( g
@ f i ae0 BT W 1aHC0 14,05 O ol Zeatia
- N N PR AT AT 2N B o
T B Y KR [IYETa U FYBNE IR TR N
I R T O R A B L
EOR IR TR B RIRE PRSI A IR AL A 414
B L - 0) 2o Y 2ol 3,
Leafly g PR IR B MOy T Let
AT A B RS IS ST IS I T I B L
ey grer e by @ Gey c. ETIE ST T
TR R S id Lepa) Tl
[N DR B T | Lt S@.) 40 B
, s DYSEN: X2 i
IR S P T R R N L R Sa0 i
LRI caty P yas
eoap thapr D . ', Pl §
EYRE R T T R 41 <
T N TR TY . B SR AT Tat i P o
g, 4 5y ceee Bt Sad
oo d T TV A
O TR S A L e R |

et

(penuriuo)l) [-# 378VL

Y

tos hrpees ot

AIRESTARCH MANUFACTURING COMPA

>
ne
A

— -




L , ~
. RS P i
ST T T T ._ . .
i | - A
' ' P )
1 . 4
“ .t m
! W e, ety v
i v
| 1 1 v [N N .
\ - Vi M
m o e LN . [ 4
' “ e . ‘ ;
' !
* " { .
| AR
R , « it
. 1 v : . . .
B R R to | v
: ’ . - . Vo [ .
\ . , s weo
N o e . K | |
oo e ¢ .
Lae e, | P ‘ i
' L B o !
R ¢ seals 3 : g
i . ) .
.y \ 3 ¢ o JE . cow ) )
ot P o3 .
. ) S .
PO 1, o 3 A} ' _ v ’ .
" s, VoL et P - _ ‘
q. N
! EEE B e
[N > PR AL IR
! . .
! . . IRTECUREE ) (]
T e, IR ; '
P . ¢ - AN T IS R - B LN R . . P ] .
K v : -t oe . PIET ORI ST R R TN S T B i~
P et ooy NI . f
! -
© v » Wi etgal tap e ln Ba8a. wy ¢
LI R W P t | YRR T MR T} ERNE o 1 so3ejrLay
¢ + . - ) ; A
P + S A 0id an ' "_. L . o g i w08 e . ’,
.t ST B R BN Lt D U R )
R
L AP ITT T B PR S
P . g, ERT L Pat 1
[ R SRR ¢ .y i )
et . )
L , o e e Lo,
-, e .. Moy -t . v
Sel )
EIRT teo . \ -
‘ : ' ' ' L : ’ _ ' v PR " H - .o
- i . ‘ ve Nag N 1’ !
I
m s ﬂ -
Tl “ . “ .
H oLone e
i e -
[ H
N ) 2 % L ,
. re, e P ’ - e . \ .
! T SO oo oy - AR o
i o < H BT 1 . . -, e . .
. v R
. ) N _ .
i s . P . : . .
' C ey ERT L 5
i [
(PanuUL3U0)) [-f d1qeL
; i ; e
2 L J

L

73-9097

MPAteY

AIRESEARCH MANUFATTURING

sty

Loshoge.

rage L-57

g B R [ e T

e St

s




o e

- - - e e e = ——— e == - ——— — —————
e 0w, . . -
. . P i EEREIRN TR ¢ .
'
H )
] ' .
"ol . » U - [l . . » ) 0 .
L S ., et TR P [ v [ ’ P ‘e , . .
. i
i w
g e i 4 [ '
g ‘ P T Y . ,.q o J N -
o T3 . . . [ DRI I L . e N .
»e
X -, R a4 wid . Saoeope
oy il PR AT TP BT B B .
3 | » g
s A, .y ark, el wide * . PR
I T ) -y f e . PNV . IR NI I ¢ <
1
i
. . P dep ot N [
e \ “ - .
PR e . . P N - Ve e e " . . . )
'
. o e - s
. - Pt it oo N i Ve 0 L3 R
o T
" . . o R .
[ L R ¢ et o . .
T Co Ly
Poreeiee Ty 0 P ' t
. q
« -t ¢ PRI Loe ook ¢ - o . - .
Coa "
IRTRTON i . .
' Nyoale wr e shey b RS . o “w en .
AR TTEN S B R Y LA EET
e gl fe s, e Tan e L@, O
RIS [N Lo T
. . Y PR RI P NN LI . - S e I
. . LA [POPPREDTINN ke T (7 e e [ ¢ & Rl EYT- T RO T S .
B T Y e YRR X SRR U wane, - et ey . e PR L It - et :
PR T R R I T gty e
et e B TPRR N IR [ETI @
R N N g 5 B 0 [UEREFIFTIPRL 2 e [ R g .
el e e [ S
V-
YRR g
et pess H -y
LR Y A 3 Tf e et e i [ S I
[N
FITUIN
v
(e - . ' B
‘ N . . t
oy - Caep te g ’ @l o P l . . “
ooty s e qat e » . i S T I . . " .
ey nie - . , e s
RN
—— e

AIRESEARCH MANUFACTURING COMPANY

>
ne
o




T . Lo el . et T - W

—_———— e e e
] 1 . . o)
m ehoerd w s Daeesr TR ' . . oo wn
{ - I e gl twcy shel . a3 Gt ot - st e g s [ e T | R 2% N . - B ) SiL . ™~
N v
| ' G,L
| . a3l e t 1 . i ! . v o
R P . i : N T
. - e L e eeq toadty atel @iy, ,, S T - )t L 02 L:ad 3% M 2 Lo L i FEY RS S s O
i v
" h o Rg
‘ t s~
R N P I S| H
AT e ee@ T a0k (b u @lG i b 15143 - PRI S » [ T+ YRR T R g B LTI
sat Ay
PRI R LETRRN T TR H
- s p.e seencd Tadty obeb uredns builsr 4y - PRF AT XY B P} D3 2001 3 ETL 1 1t %e R R
a
P R P ] bu.w0 ) P .
S qeat o poe dewad tP06) ovel uredds [RTRTAL S - 3t A oerp 7 Gost 300 03 ) b L L R
-
. “.
. IO FEEITEN U IS L
. - Lttt FERIN i 4 - pre o eer g e i . - . . -
L g Que threct MR “y “ e
§ . Fa s G EY e N LR TR - et ey b ’ 4 e vy 1 PRI el
e e @it e
. L e emnd [ - LRI SO e ca @ panl Sy T W i . o, @ . RN
. -
R Sy I R L -
PR T PE - LSS A R ) LS - s « o . LT BTN 30 1 U R Y Lot
EVSE
c2tf @it 04y 11pa02 . N
[RERE sesod  .aghy At uii-sS turgsle: - A 1 i L d oGy o B4 t . g L YWY -l
?::
B R Y P R g .
. Lt . Lseeng 2k | Bt [ERERE R - Lroed L b t g pent 2L ¥ . - T N T ..
W7 el
tytf -3 o4 tunolitpuod -
frattn Pur emad A aeh Wit L) rey - [ SRR N | e s dnngg 03 o L@t d 1 qut ) dTIneL TN
- . *a
v tg LBIE S04y EHUOLI .
[ L samou caasl et viesds [ETRERLE] - LA S 1 . [T B S SR @y { ety et T .. N
wn @y 1
IS SR T It Ly ant ) (puod . 1
[t paL samod  L9AY afeh upens fupiaged - LA it o4 oanGt el D ) ' PRI s
. 30 |
“ytf Wil w044 X > = f{ S
! P S UpaT it t B Jasod . adhky ateh urt g bur o4y - AT ¢ € . 1o iy 0, 8 \ . P N i m B
RUTI a by
‘gte W) wol) W.L
coaan, L pa sww0d Ladt ateh UL 1S tuinieg - GeT e Cap ) M DR BESUS TS P L i 1T N P ot
. - -
\ QP
Qo v @m ey Z -
PRt m z
pRLIPOW - - (Yot gD EYTURE RTINS E VL N pon0it L& L i R U
-
-
cetre s B oate Auip @an A4d |N» 47
T e s sy, 1 Brns e cd A i - i 5
T RIPERT ety s - - PO S . R S 2
oL oA e . RN TERF o - g4t - v et S el L ey Tt oty i Dt eren, . w xT K
o .
-3
L. . B . . ".
PLINWE XM - e T R che P P . A B o
-
. x [
-
e ateer e At CLor At . - 1 O P A AL ' i et . . 1
FITCC - TR0 I taattay L T R M R A s E
)
rL
(ponuiiuog) [-4 378VL
2
L1
>
7 v
;o
. ' () i (¥ - -
. - - s % s . L e . - .
A -
N
- '
) . . t
4 - x,v . t - - gt - -




¢
i
g_
L
4
{

, Lo w
H I S A LT T T R L SR S 1
3 . : i . : i )
CrL e e ! e e H - VI N L L B TrRAR ar caed A LIS R ET S MY . H “ . . .-
! 1 i ,
{ i i RN . ‘
. Ly FE m B "\....n ¢ . LA Ay s A Ny AL g T b I . . -} . ..
Gy o '
1, - g5 # '€ LAY .4:. ETEA M DU SR aoan, ' _ )y N ~ye
H . FYEPL
Saeey L] o S raapy - - [ 1] 10l 03 SL- rafurs Barir.et.n) ; i e e .
i
cotf @i -OJy fuiuliiipuod H
ISR L saegg T LBy A BCLANS B - - goen 16571 03 G- Lolutd unjr.ad.sy ! . o]
e 'l wd| wosy Buruciyep FRETINRIN
ol 1@ S T.@ Jawod 13ah) obeb u.esis burzs x3 - m Z X @p | 2 DANSSDAC JOIUANNIIS: Ul aP> ~A18D " ar e 3oL s 3.0
f =231 204y £.04013(PJOd |@uD:S pue . , Gdveiadg
sered 3.0 L. -1 Feas ou 13dA} obed uiesds Bu:31s1%] - “m.w x @1p ¢ z°0 A14D 1N0%DBYD 405 pasn Bise 0D0L-C iubuey L alddng T dserj.any | J€LL
-.-€ 31y =O4; bu-0131pu0d (eub:s pue ¢ ®3170
1a%C, a0 Jaal0jsuel) 3| Jelen Jeduld BUIISIXKG - g xepy 5°0 pisd ¢ o3 gz~ ‘oluey ] deg truary | @ity
cItE -md. wody buiuvrlipuod (eubis pue - ®3120
13mC,  "3CAY Jaui0jSuesl SiGelJeA letur Butisixy - € xep $°0 c1sd 2 03 z- :abuey 3 ‘eg i1uorAay | 2101
si"f =331 wosy bu uorlipudd jeubs pue 4 eijan
L3v0g  CadAl JAWI04SURST B|qelieA Jedui’] Bu3sixy - € xeipl $°0 p:sd z 03 z2- .abuey 1 ~eg dtuoray | w11t
s°€ w3l wosj Buiuorlipuod {eubis pue »n.m.n..ogm a4ns
sam08 £34B1(3 u: pess Ou :2dA) d6eb uies3s Hut3IsIx3 - G2 x @1p | 20 Ajuo 3noY23Yd 10j PISH sbisd QDz 03 0 :9buey i -s334 ~r pRye§nbay | ST17L
Aiewr 2 3N
s € w3t woay Buiu0131puod teubrs pue 2amod z !
1346114 Ut peas ou adAy abeb uiedas Buiisixy - sz xewpt z0 Aquo 3noxdn4D 404 pasn t6isd 0OZ 03 O 1abuey 1 tesas4 ‘o paregntay | K2i°4
- € w331 woay Buruotyipuod jeubis pue samod L 2anesaig
t3qBi1s vt peds ou 1304y 2606 uresls Buiysixy - Sz x e i z'o0 AQuo INOYI24D JO3 pIsn 161sd 000t 03 O :abuey | Apddng ‘g 4aevuodss | (Z1°1
]
‘g€ Wi Losy furaciiipuos jeubis pue somod z NSS4
134Bi 13 Ut peas ou :3dA3 abeb uies3s fuiysixng - Sexepi Z°0 Af{uo INONDAYD 403 PISH +61sd oot 03 0 -dbuey 1 Apdang ©g Aaergiamy | ZTLCL
§°f wal( woiy BuruorI(puOd jeubis pue samod ? a4nssalyd
t3q4€:{; 9 peas ou tadA3 s6eb uiesis Bu13s1%3 - ST X elp i z°0 %quo Jnowdayz 40y pase 6isd JO0L O3 O -abuey l Ajdung ‘o faeuiag f 12i0L
NE-CaH
"g*f wall wosy BuiuoLItpuod |eubis pue samod P
t3yb: |y ul peas ou 13dAY a6eb uied3s B6uras(x3 - ST x ep | z2°0 ALuo IROYOI4YD L0y pISH :brsd g0z 03 0 -9bury | loanssaxg Aqddas “y | 0ZTL°L
_ oo
‘3°f WAl woJy Buiuoilipuod teuSis pue Jamod ! (£ M
13613 Ul peas ou 1adAy a6eb ulens fuilsix3 - Gz x ep | z°0 Ajuo 3nouday> 40} pasn 16isd 097 23 O .obuey | osnssadg ~jddns °n | eiiti
_ 12 61
"g°f well wosy Buruoryipuod teubis pue samod . z
134€11s L1 P@ds Ou 13dA} I6eb uiesds buiysixy - gz x ep | 20 Auo anoyoayd Joy pasn i6isd J0Z 03 0 iobuey | Psanssasg Ajddeg N | gLL°)
*g*f w3y wody Buruoilipuod {eubis pue samod EYL St
t3ybr s Ul pess ou 13dA3 9beb uiesis buiasIx3 - Sz xep i z°0 4{uo 3n0YI9Yd 40y pusn t61sd 007 03 O Labuey | 41dorg sel Lepandes | LT
*gUE < N4t wody Hutuoi] puUod {eubls pue Jomod _ LIILIPY
Tyaba gy ot peay an tadhy Iheb wese friys1vy - Czvewp | 0 4pun TNONIGD U0 27En t€red gCT 23 ° i IX. % . 1At TD eew 4 LYY
sain3eds ubisag/Sieudy Azobare) L) ‘Ut qq sjuawas 1nboy 2IUEWIOjAd4 pue (euc:Iduny p.boy 30130249247 “oN
judud inb3l +3aM04 ado{aAuz *3yb1om oy w3y
wdly

(penuyiuol) [-¢ 318YL

AIRESEARCH MANUFACTURING COMPANY

73-9097

Page 4-60

Les Angees Cavforna




e

”

Ty
e

o

Tics
3
¥

. N

WY
.
NIRRT I T

i

]

I\

S W Y 3

ARG o = R S Sk i)

Ll

Ca
2

(b) Check Valve--An existing rubber umbrella type valve qualified for
Apollo is proposed for ltems 1.8, 1.15,1.16, and 1.21d for a total

of 17 valves.

(¢c) Regulator/Relief--As shown in the table, Carleton regulators arc

proposed throughout. Although they are not the same unit, the
designs are similar and use many of the same detailed parts.

(d) Solenoid Shutoff Valve--The same valve is used throughout (!tems

1.10, 1.19, 1.20b, and 1.21b), for a total of 16 applications.

(e) Connectors--Many of the quick-disconnects are standard disconnect,
which are similar except for a key feature incorporated to prevent
misuse.

(f) Instrumentation--0f the 31 pressure transducers required, two basic

designs are used. Four dash nurber versions of the same design are

used.

The total dry weight (467.5 1b) of the subsystem is listed below by

requirement categories:

(a) Tanks (02 and N2) 297 1b

(b) Valves and controls 124.8 1b
(c) Portable 0, supply 33.6 1b
(d) Instrumentation 11.2 1b

Since minimizing tank weight will result in the greatest saving, filament-
wound vessels with aluminum liners were used.

4,3.5 LRU Definition

The atmospheric control subsystem is packaged into major line replaceable
units (LRU's) based on redundancy management and ground checkout investigations,

installation constraints, and hardware maintenance. Table 4-8 lists the major

LRU packages for this subsystem.
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TABLE 4-8
3 ACS LRU DEFINITION

¢ ! tte- o, Ho, { L’ e ' '
; e, T "'T—- seemsl tens . pe
: Tde t : Ler ; SR1} per LRU Deacs intion G0 entae oo
' ' | PR PSRRI SRR S
, Veh |t ' 1 Catin rel’et vatve [
‘ Te ln - x . . N, anitold asse-bly 1 be ram a d teprr e, o N
‘ ! N Atk whte e !
|
P 1 '52 ranitold asse tly H
110 3 Che: b valve
1.120 1 Press transduer
' 1.118 1 Press trarsducet
' - 1,919 i [ Press trared e
’ x : 1.1e ' Press transdarer
V- | P ' Press transducer
. A . 1-C . - - 0, canituld asse nly 1 R SR ETRU B
| - : 1 0, ~anitold
1,15 2 Chech valve
1112 1 Press transducer
1.113 1 Press transducer
1,200 i Terperature sensor .
1.201 1 Temperature sersor |
1.2 1 Press transducer .
. 1,122 1 Press transducer H
w 1-0 - - . 2 qas control panel asse~bly 2 ; ‘
- )n 1.4 |I 2 Toggle shutotf valve
' ‘ 1.1 1 PO, control valve 1
‘ 13 1 P02 controller
:' | ! 1,300 or 1 Flow sensor <Privary “
i N (.30 ) 1 Flow scnsor - Secondary
‘1 .' 1.1 1 Pressure transducer “Primory A
L X 1.7 | 1 Pressure transducer - Secondary :
! 1.2 1 Cabin pressure regulator ';
.8 1 Check valve }
1.126 1 Press transducer “Primary 8
1.12% \ Press transducer * ‘Secondary a}
1.7 [ 0, press regulator/relief valve by
1‘ 1€ - - Ny manual pressurization valve 1
): 1.9 1 Toygle shutoff valve
1,17 1 orifice (N,)
L . 1-F - - 02 wonual pressurization valve 1
ﬁ 1.9 1 Toygle shutoff valve
§* 1.18 1 0-if ice (02)
w" 1+6 i.10 - 2 Water tonk reaulator/relicf valve 1
1,14 1 Pross transducer (water tonk) 2 - Pricary
l.‘;;s - 1 Press transducer {water tank) i~ Secundary
’ 11 1.3 1 Avionicr bay pressure requlator
1-3 1.% t Alrlock pressure waqe 2
1k 1.5 1 Arlock prossut ization valve 2
1L 114 ! 02 (o restrictor 2
11 1,20 Qeyqen storaue tank asscebly 2 -
1,20A t Tark
+, 200 ' 0, isolation shuteff valve
l t,20¢ l t 0, source regutator/reliet valve -
[
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TABLE 4-8 (Continued)

. e - . - PRSI
" i Ite Yo, Kty [RTARN ]
Lo fte s pet '
Tde ¢ LR SR11 pet LRy, Denceipt ior Gadnete “ oo ren !
; [ R S s b e s |
Ver 1,200 1 0, 1111 calve/burst diee
cont
Y 1.14 1 Chech valve
1,108 1 Press trarsduter [TRRYIN
. 1,108 i Provs transduior S0 dor
’ 14 . - N, storage tonk asscobly 13
1,21A 1 Tank
1,210 ' Nz isolation shuto!f valve
1.21C 1 N2 fi11 valve/burst disc
T
) 1,210 1 "y chech valve
: :_ ‘ 1.100 1 Pres< transducer Cow trassde.or pot LB
o thtu
. 1.107
' 1-0 1,25 1 N2 press requlator/relief valve 3
- 1.19 1 N, shutoff valve 3
1-p 1.33 1 Payload tunnel pressurization valve 2
1-Q 1.34 1 Payloed tunncl presture yane 2?2
1-R 1.37 1 Avionits bay rellet valve 3
1.8 1,60 - - EVA support panel 2
1.43 1 Prebreathing 02 reyulataor .
1,46 2 02 shutol1 valve
1.52 1 Conrector 100 psi
1.53 1 Connector 900 psi :
1.79 1 PLSS service pressure nage ,
1-T - - Flight station service panel ¢
1,43 1 Probreathing 02 regulator
1.46 1 02 shutot { valve
1.52 1 Connector 100 psi
V-u .72 1 Portavie 0, systen 4 '
g 1=y .77 1 Airlock depressurization valve 2?2
1-W 1.78 1 EVA hatch pressurc gage
== 1o 1.126 1 pross transducer, avionlcs bay 3
- 1-v 1.127 1 Press transcucer, avionics bay 2 1
.12 1.128 1 Pross tronsducer, 8vionics bay 1 1
: 1=8A 1.12 1 Pl)2 sensor 3 Foault detection and isolatiovr
o and w th LRY 1D
J ., 1,500 1
o (RIS 1,190 1 Canin pressure transducer 2
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Generally, the components of this subsystem consist of small lightweight
equipment (except for the gas storage tanks). In defining the LRU's, con-
siderable attention was given to minimize the redundancy management actions
required from the crew. Also, the equipment groupings were developed to
minimize maintenance time in the event of failures.

As shown in the table, most of the LRU's consist of shop replaceable
units (SRU's). Replacement of the SRU's will not be effected onboard the
vehicle. Rather, the entire LRU will be removed and replaced as a unit.

Package arrangement of the components within the major LRU's is presented
in para. 4.3.6.

4,3.6 Equipment Packages

A ‘arge number of these components will be installed as single components
(for example, the cabin and avionics relief valves, and the airlock and tunnel
pressure gages and pressurization valves). These components will be delivered
as end items. The following discussions are only concerned with the equipment
groups involving gas storage, composition control, water tank pressurization,

and EVA support.

4.3.6.1 0,/N, Control Panel ‘ -
The gas control panel incorporates sub.ystem LRU's detfined in Table 4-7 as ?
follows: bﬁf
1-B N2 manifold assembly !
1-C 02 manifold assembly %;'
1-D 2-gas control assembly (2 required)
1-E N2 manual repressurization
1-F 02 manual repressurization -
1-G Water tank pressurization .-

AIRESEARCH MANUFACTURING COMPANY 73-9097
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In addition, the 02/N2 control panel will incorporate all aviitche
nccessary for actuation of the 02/N2 tank and manifold solenuid isolation
valves,

Figure 4-10 depicts the entire panel and the locatien of the LRU'S,
as described subsequently. Each LRU is removable from the panel as a separatue
package. The panel face is engraved for ease of component identificatinng a
schematic also is engraved to enhance redundancy management. There are eight
fluid connections to the panel: three oxygen inlet lines, three nitrogen
inlet lines, and two water tank pressurization lines. Interconnecting lines
between the LRU's are all internal to the overall panel assembly.

The entire panel is 6.0 in. by 20.0 in. by 28.25 in. as shown. Mounting
of the various LRU's on the spacecraft structure is discussed below.

4.3.6.2 N, Manifold Assembly (LRU 1-8B)

2

This LRU is located at the bottom of the valve control panel and incor-
porates the following equipment.

(a) The manifold proper

(b) Three check valves (1tem 1.16)

(¢) Five pressure transducers (ltems 1.110, 1.111, 1.118, 1.119, and 1.120)

e 1

Figure 4-11 shows the arrangement of the components. The manifold is miunted

on an aluminum frame located behind the hinged face of the panel. Two screws

P

secure the manifold to the fr-me, The frame is attached to the vehicle struc-

oo e TR N S e ek ie]

ture. All} components are line mounted on the manifold. Nitrogen at 140 psig
enters the manifold assembly through three lines at the left of the LRU. Three
pressure transducers are connected to these lines upstream of the three check
valves. Nitrogen from the check valves enters the manifold and exits through

four ports. Two of these supply nitrogen to the c-gas control assemblies, one

Ii a ARESEARCH MANUFACTURING COMPANY 73-9097
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Lo the manual repressurizatiun valve, and the fourth teo the GSE cotnector

water tank pressurization assembly (LRU 1-6) on the right of the vall panct.
Access is galned to the assembly by removing twe screws which secure the

face of the panel to the picture frame.  The pancl is svung upward onoo Dri e

and kept in that position by a spring. Removal of the LRU will cntail breal -

ing seven fluid connections and disengaging the transducer clec “1eal conectar.,
The overall dimensions of the LRU are 4.5 in. by 11.0 in. by 6 in. as

shown. Overall weight including mounting structure is estimated at 2.7 1b,

4.3.6.3 0, Manifold Assembly (LRU 1-D)

This assembly is mounted on top of the 02/N2 control panel (s~c Figure
4-10) and is shown in Figure 4-12. it is identical to the N, manifold ass 't by
described previously except that only two check valves and two inlet Y
are used. The empty transducer port is capped. Comnpet wiuded in the
assembly are:
(a) Manifold proper
(b) Two chec valves (ltem 1.15)
(c) Four pressure transducers (I1tems 1.112, 1.113, 1.121, ard 1.122
(d) Two surface-type temperature transducers (ltems 1.200 and 1.201) "
The temperature transducers are mounted on the oxygen inlet lines from the

cryogenic supply tanks. Oxygen is supplied to the package from the left and »

»

distributed in the same manner as the nitrogen. Mounting of this LRU i- iden-
tical to the nitrogen manifold assembly. Overall dimensions are also the same
(4.5 in. by 11.0 in. by 6 in.); the 2.35-1b weight is sltightly lower.

As an alternate design approach, the use of different thread sizes for
the oxygen and nitrogen equipment will be considered to prevent errors it

maintenance. The major disadvantage of this approach is the higher cost

incurred due to loss of commonality.
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4.3.6.4 Two-gas Contrul Assembly (LRU_1-D)

L3

This assembly is depicted in Figure 4-13.  Two ascerblicon ave rooit
in the 02/N2 control pane! (see Figqure 4-10). Each assecbly incorporates
the following equipment

(a) Two toggle shutoff valves {Item 1.9)

(b) PO, control valve (solenoid) (ltem 1.11)

(c) PO, controller (Item 1.13)

(d) Oxygea regulator (Item 1.7)

(e) Cabin pressure regulator (ltem 1.2)

(f) Check valve (ltem 1.8)

(g) Flow sensor (ltem 1.300)

(h) Two pressure transducers (ltem 1.116 and 1.117)
All components are mounted on an aluminum channel secured to the 02/N2 control
panel frame by four screws. Access is gained to the LRU by removing the face
of the panel. Oxygen and nitrogen are fed to the LRU from either side. Access
holes are provided for disconnecting these two fluid lines {rom the Tront.
Adequate electrical harness length is provided so that the electrical connectar
to the transducers, soleroid valve, and controller can be disconnected after
removal of the assembly from the panel.

Overall dimensions are 5.0 in. by 11.0 in. by 7.62 in. Overall weight
of the assembly, including mountings, lines, and connectors, is estimated at
12.3 1Ih.

4L.3.6.5 02 and N2 Manual Pressurization (LRU's 1-E and 1-F)

These two LRU's consist of a manual shutoff valve (1tem 1.9) and an ori-

fice (Item 1.17 or 1.18) each. They are removable separately as shown in

Figure 4-10. Each valve is secured to an aluminum channel tounted wn the frame.

-
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The channel can be remov. *~ by unfastening four standard screws and one tluid
connection to gain access to the valve.

Overall dimensions for one LRU are 3.0 in. by 3.5 in. by 4.5 in. Esti-
mated weight is 1.46 1b.

4.3.6.6 Water Tank Pressurization (LRU 1-G)

This LRU is mounted on the left side of the 02/N2 control panel and con-
sists of two water tank pressure regulators/relief valves (ltem 1.10). Each
valve assembly incorporates dual regulators/relief eicments and manual selector
valves for isolation of either regulator/relief element. Pressure transducers
(Items 1.114 and 1.115) for tank pressure monitoring also are included in the
package. A test port is included on the face of the panc! (sce Figure L-14) .

The regulator/relief valves and transducers are mounted on an aluminum
channel secured by four scre ‘s to the vehicle structure Removal of the LR.
will entail removing these four screws after disconnecting the three nitroaen
lines (one from the N, manifold and two to the water tanks). The fluid con-
nectors are accessible from the front of the panel. Electrical connect iens,
can be broken after removal of the LRU from the mounting structure.

4.3.6.7 EVA Support Panel (LRU 1-S)

Two EVA support panel LRU's are located near the airlock and are usecd for
PLSS recharge and for connecting the oxygen mask assembly for prebreathing
prior to EVA or in emergency situations. Figure L4-15 shows the arranqement
of the components, which include

(a) Prebreathing 0, regulator (ltem 1.43)

(b) Two oxygen shutoff valves (Item 1.46)

(c) 100-psi connector (ltem 1.52)

(d) 900-psi connector (Item 1.53)

(e) PLSS service pressure gage (Item 1.79).
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As shown, the PLSS recharge equipment and the prebreathing equipment can be
removed separately. All components are mounted on two aluminum panels that are
secured to the vehicle structure by four screws. One fluid connection (900-psi
02) must be uncoupled before the panel can bte removed; it is accessible from
the front of the panel.

Overall dimensions are given in Figure 4-15, The overall weight is
estimated at 2.68 1b for the PLSS recharge panel and 4.61 b for the pre-
breathing panel.

4.3.6.8 N, Storage Tank Assembly (LRU 1-N)

2

The LRU for the N2 storage tank assembly consists of the following equip-
ment:

(a) Nitrogen tank

(b) Solenoid isolation valve

(¢) Fill valve and burst disc

(d) Tank pressure transducer
Figure 4-16 shows the assembly. The tank is mounted on a frame designed for
wall or floor installation. The frame is such that the tanks can be nested
together in groups of three or six. The entire assembly is mounted to the
vehicle structure by means of four bolts. A1l small components are accessible
and can be removed as separate LRU's without che requirements for tank replace-
ment. Should the tank fail, the entire assembly will be removed from the
spacecraft.

Overall dimensions of the package are noted in Figure 4-16. The weight

of the assembly is estimated at 36.2 1b.
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4.3.6.9 Oxygen Storage Tank Assembly (LRU_1-M)

The oxygen storage tank assembly (LRU 1-M) is similar to the nitrogen
except that the tank is larger and heavier. Also, the oxygen assembly includes
a pressure regulator/relief valve. The frame to supporl the oxygen tank will
be similar to the nitrogen frame. The weight is estimated at 54.8 1b.

4.3,7 Equipment Redundancy

The equipment arrangement depicted in Figure L-8 is adequate to meet the
reliability requirements of the space shuttle orbiter. Ample redundancy is
provided and backup operating modes are available to assure crew safety after
two failures. A review of the subsystem in terms of equipment malfunction
follows.

4.3.7.1 Nitrogen Storage Module

A total of eight nitrogen storage modules are provided. The loss of any
one module will not result in a situation involving crew safety. However, it
could result in a degradation of the mission objectives. About 30 1b of N2
are necessary for the l4-day contingency and 100 1b for cabin repressurization.
Should one or two tanks be lost, ample capability remains unless a situation
develops necessitating cabin repressurization., Such a case would probably
result in mission abort, although operation at lower cabin pressure is possible.
Figure 4-17 shows the rate of cabin total pressure decay if nitrogen flow to
the cabin were completely stopped and the oxygen partial pressure were main-
tained at 3.1 psia. The data show that the cabin pressure will drop by 2 psi
(from 14.7 psia) in about 60 hr. The low rate of cabin pressure decay is
acceptable for orbital operation. However, since the cabin relief valve has

no inflow capability, repressurization using either oxygen or nitrogen will

] ¢
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he necessary before entry, Another mode of operation vould be to maintain
cabin total pressure by addition of oxygen. In this case the cabin PO, will

increase slowly. The levels of oxygen pressures obtained as a functiovn o!
time are shown in Figure 4-18. This also is an acceptable mode of opcration
for durations as long as four days.

Generally, a nitrogen storage module will fail as a result of the failure
of a valve. The storage tank itself is a pressure vessel, and the FO-FS crite-
rion does not apply. The most likely failure mode of the composite tank is
leakage due to cycle life fatigue of the metal liner. This type of failure
is consistent with the intent of fracture mechanics and fracture control.

Check valves are used on each module to back up the tank isolation valves.

4.3.7.2 Oxygen Supply Module

Primary and secondary oxygen supply lines from the cryogenic tanks are
provided for normal operation. The fiow capability of these cryogenic tanks
is limited by the tank pressurization scheme so that the high flow required
for cabin pressurization in one hour and airlock repressurization in five
minutes can only be obtained from the high-pressure oxygen storage tanks.
Two such tanks are provided. Both are necessary if one cabin repressurization
is to occur during the mission. The loss of a tank would degrade mission
success because repressurization would be slower (2 hours) if all oxygen were #

derived from the cryogenic tanks. Also, the loss of a tank would diminish

the overall oxygen supply and the mission would have to be shortened. Failure i
of a high-pressure tank, however, does not involv: crew safety because four '
sources of oxygen actually are available. It is recommended that only one
tank be on stream at any time and that alternate tank usage be scheduled T
through the mission. In this manner the loss of expendable oxygen will be —
minimized in the event of a failure.

LV
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The oxygen module is similar tn the nitrogen; howeser, o requlator i
incorporated in the package,

4,3,.7.3 140-psi NZ Supply

- oo

Three parallel regulators (1tem 1.25) are used Lo reduce the nitioger
pressure to 140 psi (nominal). These regulators are Iocated in the unpoes:
surized area and can be isolated by means of wolenoid shutetf (ltei 1.19) Lna
check valves (ltem 1,16). Double failures could disable the entire nitrogen
supply. However, as mentioned above operations cotlusde continued for as lor.
as four days using only oxygen for cabin pressurization. No airlock operation
or cabin repressurization would be possible. Only ore requlator will be on
stream at any one time. The other two will be isolated by reans of the sole-
noid isolation valve. The arrangement shown in the schematic of Figurc 4-8
meets the FO-FS criterion.

4.3.7.4 900-psi Oxygen Supply

Check valves are provided in all four oxygen supply lines trom the cryo-

genic and high-pressure gas tanks to isolate a failed supply.

4.3.7.5 Two-Gas Control Module

FO-FS capab{lity is provided by three control modules: two are automatic
and one is manual. The arrangement of these modules ts such that inflight
failure detection is simple and requires a minimum of instrurentation and crew
interpretation (see later discussion). The manual mode is recormended for
reasons of weight and cost. Furthermore, as mentioned previously croew inter-
vention ig the manual mode (FS conditions) is minimal, and the mis«ion would

not have to be aborted because of the very high reliability of the rarudal

repressurization valves.
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4,3.7.6 Mater Tank Pressurization

Two water tanks that are essentially pressure vessels are provided, Ho
tank Tailure is anticipated over the entire life of the vehicle, Each tant i
pressurized by means of a regulator/relief valve incorporating redundant
regulator/relief elements. Check and isolation valves are provided in the

design to permit selection of either or both regulator/relief elements. With

this arrangement vailure f one element of a regulator/relief will not involve
loss of capability. Mhiscion degradation, however, will occur after failure of
the second element of the same regulator. Fail-safe operation will be assured
by the second tenk.

With close inventory cf the water in the second tank, it may be possible
to continue the mission.

4.3.7.7 Miscellaneous Gas Supply Functions

The cabin pressure relief valve (Item 1.1) incorporates redundant elements
with solenoid override for opening or shutting any one element. Fail-safe
operation is through the solenoid override feature.
The avionics bays are pressurized from the cabin Ly means of a relief~
type valve (Item 1.3) consisting of a molded rubber poppet which cracks open
when the differential pressure between the cabin and the avionics bay is 0.4
psid. No backup is necessary because this type of valve has an extrenmely friah ‘
reliability. Fail-safe operation is provided by a blowout panel, which will '
prevent structural damage in case of valve failure. The avionics bay relict

valve (Item 1.37) incorporates the same redundancy and override features o

the cabin relief valve.
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Redundant PLSS recharge facilities are provided. Failure of both will
not compromise crew safety. Similarly redundant airlock pressurization valves
(1tem 1.6) and pressure gages (ltem 1.5) are included to permit normal opera-
tion afier the first failure. The came rationale apply to the tunnel pres-
surization and airlock repressurization equipment (1tems 1.77, 1.78, 1.33, and
1.34). Four prebreathing oxygen supplies are available, which is more than
adequate for EVA support. The requirements for four stations is established
by consideration of long-term emergency oxygen supply for the b-man crew.

4,3.8 Redundancy Management

The redundancy management requirements for the atmospheric control sub-
system are summarized in Table 4-9, The subsystem is divided into four
functional groups:

(a, Gas storage and supply (02 and N2)

(b) Cabin total and oxygen pressure control

(c) Avionics bay pressure control

(d) Water tank pressurization
Miscellaneous functions of the atmospheric control subsystem, such as pre-
breathing 02 equipment, airlock pressurization, etc., will be fault detected
directly by the crew without instrumentation. This type of equipment, con-
sisting generally of manual valves or disconnects, is not considered in
Table 4-9

One aspect of the gas storage subsystem that merits attention is the

requirement for N2 and 02 invertory control throughout the mission., A periodic

check of the remaining supplies should be made at preset intervals and compared

to the quantities predicted at the start of the mission. In this manner,

veh cle and system leakaue will be assesscy accurately and situations involving

crew safety avoided.
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Flow sensors in the nitrogen or oxygen streams of the cabin pressure
regulators will not provide a continuous measurement of cabin lcakage hecanne
either oxygen or nitrogen is introduced into the cabin at any time. Lucating
the flow sensor immediately upstream of the cabin pressure regulator is
preferable. Cabin leakage is not a subsystem parameter.

The redundancy management tasks are relatively simple for the atmospheric
control subsystem once a procedure is established for gas inventory control.

It consists mainly of (1) monitoring the storage pressure of the storage tanks
and supply manifolds with corresponding isolation tanks necessary for isolation
of the faulty components, and (2) monitoring PO2 and PT; the only fault recti-
fication task involves switchover to the redundant gas composition corirol LRU.

The rationale for fault isolation is fairly simple, as shown in Table 4-9,
Minimum crew training will be necessary because the redundancy management
modules were defined as simple functional modules.

In general, storage tank and manifold pressure will respond relatively
fast to a :ailure unless the leakage is small. Corrective action accordingly
should be executed as soon as possible after detection of the fault to preserve

expendables. It is recommended that a minimum number of storage tanks be kept

on-line commensurate with the mission requirements.

The cabin PO2 and PT parameters will be somewhat sluggish by comparison
except in the event of rapid increase in cabin leakage. Due to the dampiny

effect of the large cabin, ample time will be available for correction of an

ETC/LSS subsystem faulty module.

hd
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L. 4 WATER MANAGEMENT SUBSYSTEM
s
L.4.1 Functional Requirements
The water management subsystem purifies and stores the fucl cell water
s for use in crew food and waste management, and for wse as an expendable in the
water coolant loop flash evaporators.
L4.4.2 Design Requirements
- The design requirements for this subsystem are given below by functional
usage. The component design requirements are summarized in para. L.4.L.
Water Source
o Fuel cell: Type A or Type B (TBD)
Supply rate: 0.8 1b water per kw-hr |
1 Maximum water production rate: 11.0 ib/hr
: Hydrogen removal: Palladium permeable tubes

Bacteria control: Silver ion generation .

Supply pressure: 15-25 psig

3
jE C Supply temperature: 150° - 200°F
Z Water Storage
g Number of tanks: 2 L.
Tank capacity: 100 1b water at 70°F } 'd
Minimum tank pressure: 15 psig 3-‘
Nominal tank pressure: 18 psig E
Tank bladder relief: 24 psig (maximum) i’,-
Water Distribution
Hot water supply temperature: 150° *5°F
——
) Cold water supply temperature: 50°F max imum
o,
@ ARESEARCH MANUFACTURING COMPANY gg‘g 202-787
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Maximum cold water flow rate: 60 1b/hr
Maximum sublimator flow rate: 75 Ib/hr
Urine flush: 0.33 lb/cycle at delivery rate of 300 1b/hr

4.4.3 Subsystem Description

The water management subsystem consists of four major equipment groups that
perform the functions of conditioning, distribution, storage, and control for
the potable water. These four equipment groups are:

Conditioning--Silver ion generator and deionizer, and hydrogen
separator

Potable Water Delivery--Water heater, water chiller, and distribution

Storage--Tankage

Control--Valves, regulators, and selectors required for operation

Figure 4-19 shows the component arrangement for the water management
subsystem; the components are arranged to provide redundancy of the functions.

Potable water is produced by the reaction of hydrogen and oxygen in the
fuel cell power supply. This water is processed in a hydrogen separator to
remove gaseous and dissolved hydrogen from the water delivered to the potable
water assembly. All fuel cell water is treated by addition of silver ions as
a biocide to assure a biologically safe supply of potable water, and to limit
growth of organisms within the system.

Water stored in the pressurized water tanks may be withdrawn upon demand
by the crew through either a water heater or a water chiller for food recon-
stitution and drinking at the food management system and water supply area.
The water supplied to the crew for drinking or food preparation is circulated

through the deionizer bed for removal of the excess silver.

r’
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FOLDOUT FRAME
ITEM NUMBER
NO. DESCRIPTION REQUIRED

L.t WATER CHECK VALVE
4.2 POTABLE WATER TANK
L.l WATER CHILLER
4.5 WATER SHUTOFF VALVE
h.7 WATER HEATER
- . 4.8 WATER PRESSURE RELIEF VALVE
h.10 SILVER 10N GENERATOR
k.11 WATER FILTER
4.2 POTABLE WATER DEIONIZER
h.13 WATER CONTROL PANEL
h.ib SELECTOR VALVE
418 HYDROGEN REMOVAL ASSEMBLY
4.16 WATER DUMP NOZZLE
b.17 WATER SOLENOID SHUTOFF VALVE

-ttt S DI NIRRT

WATER 4.19 GSE CONNECTOR
CHILLER . L.21 PLSS AND EMERGENCY CONNECTOR
ITEM 4.4 4,22 PRESSURE GAGE
—% 10 FO0D 4.100 WATER PRESSURE SENSOR
NANAGE MENT 4,200 WATER NOZZLE TEMPERATURE SENSOR
4,500 WATER TANK QUANTITY
4,501 WATER TANK QUANTITY
*-— WATER 4.503 SILVER ION DETECTOR
COOLANT

.__{ LOOP

10 FOOD
WATER MANAGEMENT
HEATER
ITEM 4.7
10 WASTE
—G —  MANAGEMENT
|SHUTOFF
) WATER PRESSURE VALVE
& RELIEF VAL ITEM 4.5
ur'sn “.8°
2 OVERBOARD
l —% e
| \\\\“\~varen DU
;| NOZZLE
- | ITEN 4.16
‘o A
4.200
T0 EXPENDABLE
EVAPORANT
HEAT SINK $-17323
SUBL | MATOR
SHUTOFF VALVE
1TEM b.17

Figure 4=19. Water Management
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The operational modes for the potable water management subsystem are
controlled by the position of the selector valves (Item 4.14) on the water
control panel (item k.13). The selector valve is a four-position, three-port
valve that permits isolation o} interconnection of the ports as shown in
Figure 4-20.

The fuel cell water delivery pressure is a nominal 18 psig with a maximum
delivery pressure of 25 psig. The water tank pressure regulator (ltem 1.10)
will control the tank bladder pressure to a nominal value of 18 psig. Thus,
with the selector valves in the NORMAL position, as the fuel cell delivers
water to the water management system, the water pressure level within the
system will rise with no water consumption. When the water pressure reaches
a nominal value of 21 psig, the relief portion of the water tank pressurization
valve (Item 1.10) will crack open, thereby allowing the bladder to collapse
and the water tank to be filled by the fuel cell water. |f both water tanks
are full, the system water pressure level will rise to the maximum fuel cell
delivery pressure of 25 psig, at which time the water pressure relief valve
(1tem 4.8) will crack to allow the water to be dumped overboard through the
water dump nozzle (Item 4.16).

This method of dumping will not be used normally since the space shuttle
overall requirements prohibit dumping of liquids to space. The water relief
valve and nozzle are incorporated as a safety device,. Normally water dumping
will be effected through the flash evaporators. A periodic inventory of the
water tanks will be made, and tank dumping will be scheduled as part of mission
planning. This will require crew override of the flash evaporator normal

control .
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—| 37 ~\‘A
o
2
FUEL CELL PORT FULL CELL PORI
POTABLE POTABLE
WATER TANK OUTLET WATER TANK g GUTLLT
PORY PORT PORT PORT
NO FLOW NORMAL
FUEL CELL PORT FUEL CELL PURT
[
POTABLE POTABLE .
WATER TANK OUTLET  WATER TANK OUTLET e
PORT PORT PORT PORT f‘ "
:
DUMP TANK DUMP FUEL CELL E}‘
¢
S-77258
Figure 4-20, Potable Water Selector Valve Position —
ARESEARCH MANUFACTURING COMPANY 73-9097

Page 491




The flash evaporator shutoff valves (ltem h.17) are solenoid operated
valves that normally arc open., Thewe valves may be closed to override the
evaporator controls or to isclate the water managercnt subsystem [rom the
evaporators for system checkout . The particulate filter (ltem L) s
required to protect the evaporator spray nozzle from plugging.

The water supply from the fuel cell is treated against bacteriological
contamination by the addition of silver ions (lItem 4,10). These ions are
removed by the deionizer (ltem 4.12) prior to the astronauts' use of the

water for drinking or food preparation purposes. Because the water chiller”™ "~

n (1tem 4.4) has a favorable mass-flow ratio at its design point, no chilled
- water reservoir is required since the unit is capable of supplying water con-
5 tinuously at its maximum design flow of 60 1b/hr and design temperature of
- ; 50°F (max) .

L. 4.4 Equipment Summary

A summary of the equipment shown in the schematic of Figure L4-19 is

presented in Table 4-10, Most of the equipment is new. Components from
previous programs that meet the performance requirements of the space shuttle
v will be modified because most of this Apollo equipment is aluminum, and the

proposed material of construction is stainless steel. The data presented in

e
DR
Table L4=10 are summarized below.
4
Number of components
v Functional components 32 (including silver ion generator and
[ 5 1
e ——— F\ deionizer)
Monitoring instrumentation 5
Number of component designs
13
M 'y Funct ional components 16 (including silver ion generator and
- deionizet )

Monitoring iastrumentation 4

|
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Weight
Fired weight 107 1b {including water wtore o
Expendable weight B.8 \b (ailver ion qenerator aod
deionizer)
Power, continuous 2w

in addition, intermittent power will be necessary for operation of the vetor
heater (275 w) and of the overboard dump nozzle (9.4 w).

L.4,5 LRU Definition

Table 4-11 gives the definilions for the potable water management oub-

system line replaceable units (LRU). These LRU's were based on cons ideration:

of redundancy management, ground checkout, and servicing requirements.

4. 4,6 Equipment Packages

This subsystem consists mainly of single (or duai) component LRU's: the
only LRU assembly incorporating more than two components is the water control
panel. Figure 4-21 shows this panel and the arrangement of the components.

The following equipment is mounted on the panel:

° Two manual selector valves (ltem L. 1L)

® Two check valves (ltem 4.1) »
] A dual water relief valve with selector 'ltem 4.8)

® A manual water shutoff valve (ltem 4.5)

o A water pressure gage (lten 4. 22)

L A water pressure transducer (ltem 4, 100)

e Two switches for remote actuation cof the water tank icolablion valves

(Item 4, 17)
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4.1 2
4.¢ 1
4.8 1
b1k 2
4.100 1
4,22 1
L-8 - -
Gae 1
Lo17 1
4.500~ 1
L,501 1
41 Loy 1
4-D b,/ 1
L-E 4.10 1
L-F 4,11 1
4-G ho12 1
L-H 4.15 i
4-1 - -
L.16 1
4,200 1
4-J L.y7 1
L~ - -
i L5 1
419 i
b-t b !
oo b-M - -
0 LI 1
b,5 1
LA 1
C by 4,503 1
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POTABLE WATER LRU DEFINITION

TABLE 4-11

Puscription

Water panel assermbly
Check valve

t1ater shutoff valve
Water relief valve
Selector valve
Pressure transducer

Pressure gage

Potable water tank asserbly
Water tonk
Solenoid shutoff valve

Water tank quantity
Water tank quantity
Water chiller

Water heater

Silver ion generator

Water filter
Deionizer

H2 separator assembly

Dump nuzzle assembly
‘Wate« dump nozzle

Temperature sensor
Solenoid shutoff valve

GSE service connector assembly
Shutoff valve

GSE connector
Check valve

PL5S water service

theck valve

Water shutoff
PLSS/emergency connector

Silver ion detector

LRU'~
per
Sub-
syster.

T

Rematrks

1

: Primary tank

Secondary tank
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Page L4-96




O o

MUSPES:

02

r

130

Liany-
LAPINLT L

Alsd 6l
A S

TANGS  TOBLNGD  FALWA

@ A
[ (]

~od
y ul,llllAMmW%mwx,qcﬂ,mxw
SV -4 |

= g

|dueq [O43U0) 431EM

YL
7 IOTVCIIS

NvoL

Ite - 7772 7707

“1Z-4 d4nbi4

AIRESEARCH MANUFACTURING COMPANY

-

73-9097

Los Angeas (8t 3

=)

,

P L e

T

I E

Page 4-97




As shown, all componcgts are mounted on a flat panel that is fastened to the
vehicle structure by m:ans of four screws. The water flow through this
portion of the subsystem is engraved on the face of the panel; also shown is
the information necessary for operation of the valves and switches.

The panel is removable as a single assembly, Seven water lines accessible
from the front of the panel need to be disconnected and the four screw
fasteners undone to remove the panel. Electrical connectors will then be
disengaged. Adequate wiring length is provided for this operation.

The weight of the components included in this assembly is 3.5 1b, Jverall
LRU weight including the panel and interconnecting lines and connectors is

estimated at 5.0 'b. Overall dimensions are shown in Figure 4-21.

4.4,7 Equipment Redundancy

The arrangement shown in Figure 4-19 generally provides for mission com-
pletion after failure of any one component and for crew safety after failure of
the second component. Some exceptions are apparent in the subsystem schematic;
however, deviation from the FO-FS criterion was deemed acceptable after careful
examination of the hardware, its reliability, and its failure modes and effects
as determined from historical data gathered from previous experience with
particular equipment designs and concepts.

The entire subsystem and its components are reviewed below in terms of
reliability and backup operational modes. Each subsystem function is examined
separately.

L.4.7.1 Potable Water from the Fuel Cells

Each line from the fuel cells to the potable storage tanks incorporates

a hydrogen separator, & check valve, and a silver ion generator.

=
ESEARCH MANUFACTURING COMPAN -
asger)|mssurcn winricrume cour 739087

~e -

RS 2N

w‘n-‘, ST A.;n,m% A

8. oo ¢. o




s gt
v 4 , "J .
L N
“'\

e e

-~

? Byl e gy

!

The hydrogen separator is a static unit incorporating palladium tubes
through which the fuel cell water is circulated. Hydrogen diffuses through
the palladium wall and is dumped overboard. S;Lh a device has been qualified
under the Apollo program.

The check valve is an umbrella-shaped polymer check successfully used in
the Gemini and Apollo systems. The only failure ever experienced with this
valve is excessive leakage. In the shuttle application, back-flow of water
from the storage tanks to the fuel -e11 would require failure of one of the
fuel cells, whereby the fuel cell water supply would be depressurized. Dual
check valves are used to prevent this occurrence; it is assumed that the
second check valve (or an . olation valve) is in the fuel cell subsystem water
delivery line. Either supply can be isolated by means of selector valve L. 14.

In terms of potability, it is assumed that the fuel cell water will
satisfy the space shuttle water specification. The silver ion generator
(item 4,10) in the fuel cell water supply line will add silver ions to the
water stream at the desired concentration. This location was selected to
obviate bacteria growth within any portion of the subsystem,

4.4,7.2 Water Tank Module

Two fresh water modules are installed in parallel. Each tank is s ized
for one-half the capacity requirement. Water dumping will be necessary after
failure of a tank module, although crew safety will be assured.

The two-tank approach is recommended Lecause of the very high reliability
of the tank itself and the relatively high weight penalty (21.5 Ib) ascsociated
with providing a redundant tank. Failure of one tank will not affect crew
safety, However, it will compromise mission success to @ certain degree,

depending on the constraints imposed on water dumping through the coolant loop

evaporators,
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L.4.7.3 Crew Water Consumption

Hot water provisioning to the crew does not involve crev safety nor
mission reliability. Redundant electrical heaters are provided in the vater
heater. Upon failure of both heaters (a very remote possibitity) . only cold
water will be available. The effect is crev discomfort.

The cold water supply is essential for crew safety and mission completion.
An emergency water supply is provided through Item 4,21 as a backup to the
potable water module. Two water chillers are in series in the potable water
subsystem so that either water coolant loop can be used as the heat sink.

In terms of potability, it is assumed that water from the fuel cell will
satisfy the potability requirements for space shuttle water. The silver ion
generators included in the line from the fuel cell will maintain an adequate
silver concentration in the system to prevent pacteria migration from the
points of use including the waste management subsystem. )

Two deionizer beds are provided with shutoff valves to permit bed isola-
tion. Only one bed is on-stream at any time, SO that bed failure can be
detected by means of the silver ion detector. These beds are static devices
that are over-designed for the intended service life, which makes failure very
unlikely; rather, bed failure will correspond to an increase in the silver ion
content of the potable water stream above the specification value of 50 ppb.
As much as ten times this concentration could be consumed by the crew without
i1l effects.

L.4.7.4 Backpack Refill

Two valves (ltem L. 5) with quick-disconnects (1tem 4.21) provide adequate

redundancy for this function, which does not involve crew safety.
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L.4,7.5 Relief Valve

Normally a close inventory of the water contained in the tanks will be
kept, and dumping of excess water will be effected through the evaporators ty
crew intervention. The relief valves only will be used to prevent overpres=-
surization when normal dumping cannot {or has not) be accomplished. This
method of dumping violates the ECS design requirements, which specify no
liquid dumping. The relief feature is included only as a safety device.

L.4.8 Redundancy Management

In-flight monitoring of the water management subsystem is relatively
simple. Redundancy management involves the redundant tanks, selector valves,
and pressure relief valves; the redundancy management actions are summarized

in Table L=12.
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4.5 FREON-21 HEAT REJECTION SUBSYSTEM

4.5.1 Functional Requirements

The Freon-21 heat rejection subsystem provides thermal control capability
for the equipment located in the unpressurized area of the vehicle. The sul:~
system incorporates a number of heat sinks for ultimate heat rejection during
all phases of the mission except for ascent/burn and entry when the evaporators
are used. Specifically, the Freon-21 heat rejection subsystem serves as a heat
sink for the following:

(a) Water coolant loop during all mission phases except ascent/burn and

entry

(b) Payload support coolant loop

(c) Fuel cell units
In addition, the Freon-21 provides the heat necessary for {1) conditioning the
cryogenic oxygen supplied to the ECS from the primary and secondary tanks, and
maintaining the temperature of the hydraulic fluid above a minimum value in
the four vehicle hydraulic circuits

The three heat sinks installed in the loop are (1) a GSE heat exchanger
for vehicle heat rejection to a GSE coolant during ground operations, (2) a
radiator for heat rejection to space during orbital operations, and (3) redun-
dant ammonia boilers for cooling on the ground during prelaunch and post
landing.

In addition, provisinons are incorporated for circulating Freon-21 to two vapor
cycle units mounted in the engine pods during ferry flight. During ascent/
burn and entry, all thermal energy collected by the Freon-21 subsystem in the
unpressurized area of the vehicle is dumped into the water loop for ultimate

rejection to evaporating water.
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4,5.2 Performance Requirements

The following subsystem data were used for equipment design. These data,
together with component design information presented later, were derived from

loads provided in NR report ECLSS-191-72-2.

Freon-21 flow rate 2200 Ib/hr

Freon-21 circuit AP 60 psi

Maximum operating pressure 250 psi

Freon=-21 temperature range 350 to ZOGOF max.

Total Freon-21 loop volume 3.5 cu ft (including accumulator)

The design point performance requirements for the various components of
the Freon-21 heat rejection subsystem correspond to different mission phases.
For this reason, component design data (loads, flows, and temperature levels)
are presented with the characteristics of the components. These requirements
were established from thermodynamic data in the NR report referenced above
for a number of mission phases. The ammonia heat sink subsystem component
problem statements, however, were obtained as a result of optimization studies.

Ammonia is used as an expendable evaporant for short-term prelaunch and
postlanding cooling of the Freon-21 loop. Reliability guidelines require that
redundant ammonia boilers (and controls) -be used as well as redundant storage
tanks and delivery systems. The ammonia inventory is stored in two parallel
tanks. Each tank contributes to the total quantity of ammonia required during
prelaunch; however, the ammonia remaining in any one tank is adequate to

handle the entire postlanding load.

" i AIRESEARCH MANUFACTURING COMPANY 73 - 909 7
tor Angeigs, Cattornad

Page 4-104

e




"

A\

s,

R e

i
vat- G

Las
n

|
o

4
7.

ey
7S

-

o

SOSEEAL AR TR I

A schematic of the subsystem given in Figure 4-22 shows all equipnment
necessary for control and redundancy management of the cooling system,

The desigr of the equipment (tank and boiler) for minimum weight will
depend on the amount of superheat attainable in the boiler or the utilization {
effectiveness of the expendable ammonia. Parametric data were generated to
determine the optimum operating point in terms of overall weight and boiler

design limitations. The data listed below were used in these investigations.

Prelaunch load \ 75,000 Btu/kr for 15 min

Postlanding load 75,000 Btu/hr for 15 min

Freon-21 temperature at boiler 40°F

outlet : }
Ammonia storage temperature 160°F (max) |
Ammonia tank fill temperature 70°F (saturated)

Freon-21 temperature at boiler 176°F ‘
inlet

Figure 4-23 is a plot of the weight of the system equipment and expencable

weight as a function of the degree of superheat of the ammonia stream at boiler

PR

outlet. The data show that the total weight of the system is dictated by the ; ‘f
quantity of ammonia to be stored on board. The highest degree of superheat g
commensurate with boiler design will result in the lightest overall weight. %{‘
On the basis of these data, the following values were used for the design %
of the ammonia system equipment. ?
Tank capacity 127 1b (total for two tanks
including 10 percent reserve) o
Ammonia temperature at boiler 150°F
outlet -
L
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DESCRIPTION

FUEL CELL HEAT EXCHANGER

HYDRAULIC HEAT EXCHANGER

PAYLOAD HEAT EXCHANGER

GSE HEAT EXCHANGER

PRIMARY FREON PUMP PACKAGE

SECONDARY FREON PUMP PACKAGE

FREON=-21/WATER INTERCHANGER

FREON-21 TEMPERATURE SENSOR

SHUTOFF VALVE

FILL CONNECTORS

GSE HEAT EXCHANGER BYPASS VALVE

GSE HEAT EXCHANGER BYPASS CONTROLLER

GSE CONNECTOR

AMMONIA TANK

AMMONIA TANK BURST DISC

AMMONIA TANK RELIEF VALVE

AMMONIA FILL CONNECTOR

AMMONIA TANK VENT VALVE

AMMONIA SHUTOFF VALVE

AMMONIA PRESSURE REGULATOR

AMMONIA LINE RELIEF VALVE

AMMON IA FEED VERNATHERM

AMMONIA BOILER

OVERBOARD BURST DISC

FREON MANUAL SHUTOFF VALVE

VAPOR CYCLE CONNECTOR

PRIMARY PUMP PACKAGE INLEY PRESSURE TRANSDUCER
SECONDARY PUMP INLET PRESSURE TRANSDUCER
PRIMARY PUMP PACKAGE AP "\° NSDUCER

SECONDARY PUMP AP TRANSDUCER

AMMON 1A TANK PRESSURE TRANSDUGER (PRIMARY)
AMMONIA TANK PRESSURE TRANSOUCER (SECONDARY)
AMMONIA MANIFOLD PRESSURE TRANSDUCER

RADIATOR INLET TEMPERATURE TRANSDUCER (PRIMARY)
INTERCHANGER INLET TEMPERATURE TRANSDUCER (PRIMARY)
INTERCHANGER INLET TEMPERATURE TRANSDUCER (SECONDARY)
RADIATOR INLET TEMPERATURE TRANSDUCER (SECONDARY)

GSE HEAT EXCHANGER OUTLET TEMPERATURE TRANSDUCER (SECONDARY)
GSE HEAT EXCHANGER OUTLET TEMPERATURE TRANSDUCER (PRIMARY)

PRIMARY AMMONIA BOILER OUTLET TEMPERATURE TRANSDUCER
PRIMARY AMMONIA BOILER OUTLET TEMPERATURE TRANSDUCER
FREON BYPASS VALVE POSITION INDICATOR

PRIMARY ACCUMULATOR QUANTITY TRANSDUCER

SECONDARY ACCUMULATOR QUANTITY TRANSDUCER

Figure -2k, Freon-21
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Accumulators at pump inlets will maintain Freon pressure and make up for
small leaks in the loops.

Freon discharge from the pump is further used as the coolant for the
fuel cell subsystems. Three fuel cells are installed on the vehicle; two
are normally on stream, while the third is a redundant unit., Fuel cell
redundancy management requires that all or any fuel cell be cooled by either
Freon loop. Two fuel cell heat exchangers (Item 7.1) are used, one in each
Freon loop. Each fuel cell heat exchanger is a four-fluid unit as illustrated
in the schematic. Detailed design studies have shown this approach to be
near optimum in terms of overall weight; it was selected to obviate the
inefficiencies and the potential development problems that could arise with
a five-fluid unit.

The temperature of the Freon at fuel cell outlet is the highest in the
circuit. When necessary, this Freon is used to heat the vehicle four
hydraulic circuits and maintain hydraulic fluid temperature above -20°F.

The hydraulic heater consists of two shell-and-tube heat exchangers manifoldad
together to form a single unit. |In this manner any or all hydraulic circuits
can be heated by either of the Freon-21 loops.

At this point the Freon is clirculated through the vehicle heat sinks
installed in series: the ammonia boiler, the radiator, and the GSE heat
exchanger. |In addition this section of the circuit incorporates provisions
for routing the Freon to two vapor cycle refrigeration units that constitute

the vehicle heat sink during ferry flight.
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Two ammonia boilers are installed in series. The boilers are redundant;

(2}

one unit has the capacity to handle the entire load in either loop. Verna-
therm valves in eacq loop sensing the Freoun temperature at boiler outlet

control the flow of ammonia to the boiler from the storage tanks. The con-

¢

trol temperature is 40° £5°F.

The anmonia storage tanks (ltem 7.34) and associated valves are also

Q; redundant. Each tank has sufficient capability to handle half the prelaunch

S

_load and the entire postlanding load for 15 minutes. The tanks are protected
from overpressurization through two burst discs and a relief valve. The
first burst disc (Item 7.35) will protect the tank from overpressurization;
the relief valve (ltem 7.36) downstream of the first burst disc will open to
relieve the tank as soon as the first disc bursts. Should the tank pressure
continue to rise, the second burst disc (ltem 7.44) will open and all tank
contents will be dumped overboard. This second burst disc constitutes a
safety feature and provides the flow capacity'to prevent dangerous pressure

buildup in the tank while limiting the relief valve flow capacity to reason-

able values.
g isolation valves (Item 7.39) are provided on the tanks and on the
%f ammonia feed lines for the purpose of redundancy management. These valves
permit the use of any boiler with any Frron loop &and any one of the two tanks. '3rh
Reliei valves (ltem 7.41) will prevent pressure buildup in the lines ‘
between the ammonia isolation valves after system shutdown. :
The GSE heat exchanger (ltem 7.5) is used on the ground as a heat sink
for either of the Freon-21 loops. Water-glycol from a ground support cool-
ing cart serves as the heat sink. Provisions are made for interfacing with

redundant water-glycol loops. Bypass capabilities are included in the loops
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to maintain the temperature of the Freon at the 3SE heat exchanger outlet at
35°F during ground operations. A bypass valve (1tem 7.24) in each Freon
loop is provided for this purpose. The valve is actuated by a controller
(1tem 7.27) that receives a signal from a temperature sensor (1tem 7.10) on
the Freon line downstream of the GSE heat exchanger.

During ferry flight the Freon (primary and secondary) is routed through
two vapor cycle refrigeration unit evaporators. These redundant cooling
systems could be mounted in the engine pods or in the payload bay. Each unit
can handle the entire load in either Freon loop. Manual shutoff valves
(1tem 7.45) and quick-disconnects (Item 7.46) are used for rerouting the
Freon during ferry flight.

Fill connectors (ltem 7.15), with caps keyed to prevent misuse, are pro-
vided for servicing the Freon-21 loop. Sgbtoff valves (ltem 7.11) back up
the connectors and elimirate possibility of external leakage through the
connectors.

4.5.4 Equipment Summary

A summary of all equipment shown on the schematic of Figure L-2b4 i<
presented in Table 4-13, Data tabulated include functional and performance
requirements, equipment design features, and characteristics.

Most of the equipment incluaed in this subsystem is new and will be
designed to meet the particular performance requirements of the space shuttle.
A large portion of this equipment is heat exchangers, and no particular
problems are anticipated in their design or development. The circulating pump
uses a wet motor and Freon-lubricated journal bearings. The design is based
on a wealth of experience on this type of pump. The GSE heat exchanger con-

troller is a modified design used for cabin temperature control on the DC-10.
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The ammonia storage, feed, and boiler do not present any particular
problem in terms of material compatibility or component design.

The transducers are existing equipment. All temperature transducers are
surface type transducers except for the sensor (1tem 7.10) used for control
of the GSE bypass valve, and their replacement will not involve breaking into
the Freon loop. The thermistor (ltem 7.10) used to match the reguirenents of
the modified DC-10 controller (ltem 7.27) is a well-type unit, and also can
be replaced without opening the Freon loop.

Data presented in Table 4-13 are summarized below:

Number of components

Functional components 62

Instrumentation transducers 17
Number ot component designs

Functional components 25

Instrumentation transducers 5

Component weights

Dry weight 302.9 b
Wet weight 465.9 1b
Experdable ammonia 130 1b (total)
Launch weight 550.9 1b

Power b6 w

Much of the Freon-21 heat rejection subsystem equipment is in the ammonia
storage, delivery, and boiling subsystem, which is fully redundant. Sore of
the hardware is also the same because of the loop redundancy (for example, the
GSE bypass control equipment). In general, however, loop redundancy does not
correspond to a large increase in the number of subsystem components, since
the approach is to use multifluid heat exchangers.
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The wet weight shown accounts for fluid holdup in the sarious sobeysten
1 heat exchangers, both the Freon and the other fiuids (eater coolaat, hpdraulic
= fluid, GSE water glycol, and FC-40 in the fuel cell heat cochanger.)

The expendable weight is the total ammonia charqe. Since half will be
;ﬂi ’ used during prelaunch operations, the launch weight includes only 85 Ib of
=ﬁ expendable ammonia.

The power requirement for the subsystem is that necessary for the pump

(410 «) and the GSE bypass controller (6 w). Power to the controller is

quiescent power when the control valve (ltem 7.24) is inactive. This is
representative of orbital operation when the bypass subsystem is on standby.

The sensors are powered through Item 3.8, which is not part of the
subsystem.

L.,5.5 LRU Definition

In defining the LRU's for this subsystem (see Table L-14), primary con-

sideration was given to the lengthy maintenance tasks involved in draininag
and charging the Freon-21 loop. Equipment designs and groupings were based

on minimum requirements for breaking into one or both of the Freon-21 loops.

For example, two separate pump packages are proposed for the primary and ‘e
k)

secondary loops. Surface temperature sensors are used throughout. A large '

coolant accumulator, 1020 cu in. effective capacity, 1> proposed; this ﬁuﬁf- 4

accumulator will provide for small Freon leaks and obviate the requirements

for frequent maintenance actions to eliminate these small leaks.
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& TABLE 4-14
] ) FREON-21 LOOP LRU DEFINITION
LRU's
: 7 . per
LRU ftem No No, Iters Sub-
» : ’_lth-n! LRU' SkU per LRU Description system Remarhs
: 7-A 7.1 ' 1 fuel coll heat cachanger asocmbly 2
WA 7.2 ! Hydraulic heat exchanger assembly 2
7-C 7.4 1 Pay load heot exchanger assemb ly 1
7-0 7.5 1 GSE heat exchanger assembly 1
7-€ - 1 Primary Freon pump package .
7.6a 2 Freon=21 pump
7.6b 2 Freon-21 check valve
7.6¢ 1 Freon-21 accumulator
7.6d 1 Freon-21 isolation valve
7.6e ] Freon-21 filter
/.100 1 Pump Inlet pressure
7.150 1 AP transducer 1
7.500 1 Accurulator quantity transducer
7-F 7.10 1 Temperature sensor 2
7-6 7.24 1 GSE hea! exchange:s bypass valve 2
7-H 2.27 1 GSE heat cxchanger bypass valve 2
cotroller
7-1 7.7 1 Freon/water interchanger 1
7-J 7.32 1 CSE connector 4
7-K - 2 Fi11 connector assembly 4
7.1 ! Shutoff valve
7.15 1 Freon fill connector L
7-L ) NHy Tank assembly 2
7.34 1 Tank
7.35 \ Burst disc ’
7.36 1 Relief valve ‘
7.37 i Fill connector
7.39 1 Shutoff valve, solenoid
T~
- -
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. u T
TABLE 4-14 (Continued)
LRU's
per
LRU |tem No. No. 'tems Sub -
ldert LRU SRU per LRU Description system Remarks
7-L 7.38 1 Vent valve
cont
7.4k 1 Overboard burst disc
7.152% 1 NH3 tank pressure transducer (PRI) *Primary tank
7.1533 NH, tank pressure transducer (SEC) i5Secondary tank
7-M 7.40 1 NH3 pressure regulator 2
7-N - - NH3 boiler package 2
7.43 1 NH3 boiler
7.41 1 NH3 relief valve
7-39 2 NH3 solenoid shutoff valve
7.42 2 NH3 feed valve (vernatherm)
7-0 7.250 1 Temperature sensor radiator inlet 1
(primary),
7-P 7.25% 1 Temperature sensor interchanger 1
inlet {primary)
7-Q 7.252 1 Temperature sensor interchanger 1
inlet (secondary)
7-R 7.253 1 Temperature sensor radiator inlet 1
(seccndary)
7-U 7.256 1 Primary loop GSE HX outlet 1 Prelaunch monitorirg only
temperature sensor
7=y 7.257 1 Secondary loop GSE HX outlet 1 Lre]aunch monitoring only
temperature sensor
7-W 7.154 1 Pressure transducer NH3 delivery 1 ‘
7-% 7.258 1 NH. boiler outlet temperature 1
(p?imary loop)
7-Y 7.259 1 NH, boiler outlet temperature 1 .
(secondary loop) o
7.2 7.45 1 Freon manual shutoff valve 6 ‘
7 -AA 7.46 1 Vapor cycle connector 4 ‘
L. -
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It is recommended that a dye be used in the Freon to facilitate lcakaqe
isolation. A Freon sniffer will also be used for this purpose. Table 4-1k
is a listing of the LRU's. Examination of the table reveals only six major
packages involving several components:

The Freon pump package incorporating two LRU's (primary and

secondary pump LRU's).

The ammonia tank assemblies (two required).

The ammonia boiler assembly (two required).
The remainder of the components are separate LRU's. Installation constraints
might dictate at a later date that some of these components be grouped
together; however, efforts should be made to reduce spares and facilitate
maintenance to make these components accessible for ease of replacement.

4.,5.6 Equipment Packages

The maintainability features of the Freon loop packages are discussed in
the following paragraphs. Generally, replacement of the various loop heat
exchangers will not entail any particular problems other than those associated
with the integrity of the Freon and interfacing subsystem fluid loops. |n
the case of the interchanger (111 1b, wet), a hoist will be necessary to assist
in the replacement task.

4.5.6.1 Freon Pump Package (LRU's, 7-E)

Drawing 581310 shows the pump package. Overall dimensions are 28,15 in.
by 15 in. by 13 in. The package weight ts estimated at 44.2 1b (dry). The
dry weight of the accumulator accounts for 29.4 1b of the total; the pump-motor
assemblies are 4.8 1b each. The wet weight of the unit is 104 1L including the

accumulator Freon content.
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The pump/motor and filter assembly can be removed without the necessity

¢ for removing the accumulator. Spring-loaded flapper valves are installed in
the pump inlet manifold on which the accumulator is mounted. These valves are
; normally held open mechanically by a probe that is part of the pump inlet.
s When the pump is removed, the flapper valve will close and the pressure of the
Freon will press it on its seal. In this manner the pump/motor can be replaced
as a separate LRU. In terms of package maintainability, this is a very

desirable feature.

The pump motor assembly can be removed by removing six bolts and the

-y electrical connector to the pump. Removal of ‘he entire package for corrective

;5% maintenance requires (1) disconnecting the Freon inlet and outlet fittings,

’ gi (2) disconnecting the power supply to the pumps and the electrical connectors
§ to the pressure and AP transducers, and (3) removing the mechanical supports
g{t securing the package through the base of the accumulator. | ]
% 4.5.6.2 Ammonia Boiler Package (LRU 7-N)
%% This assembly incorporates the following components. :
é ¢ (a) Ammonia boiler (Item 7.43) :
;E (b) Two vernatherm NH3 flow control valves (ltems 7.42) ‘; »
fﬁ (¢) Two solenoid isolation valves (1tem 7.39) x V
' . (d) Ammonia line relief valve (Item 7.41) ;‘

(e) Temperature transducers (ltems 7.258 and 7.259)

P
L oo o

2

w Figure 4-25 depicts the arrangement. All components are mounted on a
triangular frame that can be attached to the vehicle structure at three points.

A1l components are identified on the package by their item numbers.

- T
’
O o
>
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As illustrated, all components in the ammonia feed line (Items 7.39 and
7.41) to the vernatherm can be removed as separate LRU's. Accessibility is
provided while maintaining a very compact arrangement. Replacement of the
vernatherm valves (ltem 7.42) will entail breaking the Freon-21 connections
and removal of other ccmponents. For these reasons, tha vernatherm valves

and the boiler itself will be removed, together with the entire package.

The overall dimensions of the package are shown in Figure L4-25. The
weight of the components included in the package is calculated at 11.3 ib.
The weight of the lines, structures, and connectors for the solenoid valves
is estimated at 2.6 1b, for a total of 13.9 1b.

4.5.6.3 Ammonia Tank Assembly (LRU 7-L)

This assembly consists of

(a) Ammonia tank (ltem 7.34)
(b) Ammonia fill connector (ltem 7.37)
(c) Ammonia tank vent valve (ltem 7.38)

(d) Ammonia tank burst disks and relief valves (Items 7.35, 7.36 and

7. 4b)
(e) Ammonia shutoff valve (item 7.39) f”
(f) Ammonia tank pressure transducer (ftem 7.152) Fe
The package is shown in Figure 4-26. The spherical tank is supported e
by three bipod struts attached to the vehicle structure. The valves and “i' '

transducers are line-mounted and are accessible for removal as sinyle elements.
The manual vent valve (ltem 7.38) is easily accessible for ease of tank
servicing. The vent valve outflow will have to be processed to preclude danger

[S——

to the maintenance crew. GSE will be necessary for processing tank vent flow

during the fill operations.
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Package dimensions are shown in Figure 4-26. Overall weight including
lines, structure, and connectors is estimated at 19.0 Ib (dry).

4.,5.7 Equipment Redundancy

The Freon-21 coolant loop is similar to the water loop in terms of
reaundancy. Two pumps per loop are recommended, with a single accuamulator

" in each loop.

The design of the radiator panels and controls is beyond the scope of

(28]

this contract. The only failure considered here is a complete failure of

both redundant radiator circuits. Under these conditions, the radiators will

[

e B

be immediately isolated and all Freon flow will bypass the unit. The cooling

L
e

function will be performed by the sublimator, which will be activated auto-

matically upon sensing the high temperature at inlet. This will constitute

i
ST

a mission abort situation. Two evaporators are available in the water coolant

‘ il
JESSESEIPRE AR RS

loop, enhancing the fail-safe feature of the heat sinks.

PR

All heat exchangers have redundant passages to accommodate the two Freon

'

\r

S AT BTl

loops. Provisions are made for cooling either Freon loop with either of two

vapor cycle units during ferry flight.

5 The GSE bypass valve and control need not be redundant because this cir- ; »
Q cuit is not normally required during flight except when the radiator bypass

Cf has failed. 33%; 
| Two ammonia boilers are included in the design. Each boiler can be used '&
with either Freon loop. Triple redundancy is not required because boiler i
operation does not involve crew safety. However, the arrangement shown would

require a minimum of three failures before complete loss of the cooling

function.

P
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The ammonia storage and delivery system is redundant, Either of the two
boilers can be fed from either amnonia cank. The capacity of each tank is
sufficient to provide for one-half the prelaunch and all the postlanding
evaporant. Thus, complete redundaicy is provided, and triple redundancy is
not incorporated in the system because the function does not involve crew
safety. |t is recommended that both tanks be opened to the boilers for all
ground cooling functions.

4,5.8 Redundancy Management

The redundancy management features of the Freon-21 heat rejection sub-
system are peculiar to the nature of the equipment comprised in the redundant
loops. A summary of the Freon-21 heat rejection subsystem redundancy manage-
ment analysis is presented in Table 4-15.

With the exception of the pumps, the GSE bypass valve and controls, the
ammonia boilers, and the radiator, all other components are passive heat
exchangers.

Heat exchangers can only fail through leakage. Thermodynamically, a
heat exchanger will perform normaily even if it leaks. Thereforc, temperature
measurements will not provide the information necessary to identify heat
exchanger failure. Leakage, however, can be determined by the quantity of
fluid stored in the loop accumulator.

The Freon-21 coolant pump assures flow through the sy;ﬁem, and as long as
the flow is maintained, the heat exchangers will perform within specification.
Thus, pump performance, as measured by pump pressure rise, is an essential

parameter in terms of redundancy management,
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Another parameter of impurtance ic the pump inlet pressure. This
parameter determines accumulator performance and provides an indication ot
excessive leakage that should have been detected normally by low accuulatuor
quantity.

The only redundancy management actions involve switching purps in the
primary loop or switching from the primary to the secondary loop., The vt
action will be taken upon pump failure, and the second in the event of Lo
punp failures, leakage, or accumulator failure.

With respect to the three loop functional packages mentioned above, the

T GSE bypass valve will not be operated normally during space flight so that no

failure of the bypass valve or control system is anticipated. In the event of

failure. the valve can be overridden through the controller. The radiator

a .
3
i,
3

Ve

subsystem is considered as a separate subsystem with its own failure detection

instrumentation and redundancy management scheme. Qutlet temperature measure-

e S

ment should be sufficient to monitor the overall performence of the radiator

B

and its controls ' to identify a failure. |f such a failure were to occur,

the redundant secondary Frecn loop would have to be activated. |f the failure

is such that it extends to the secondary loop, the evaporator would have to "

be activated and the mission aborted.

The approach used for redundancy management of the ammonia boiler packaqge »

*

is similar. Freon temperature at primary boiler inlet is monitored. Should

this temperature exceed the safe limit, the primary boiler will be deactivated

:
i3

S &)

and the secondary boiler will be switched on. Boiler operation does not
involve crew safety. Also, both tanks should be opened to the active boiler

in normal operation,
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4,6 FERRY MODE HEAT SINK

4.6.1 Functional Requirements

For the basic space flight mission, the thermal energy collected by the
thermal management subsystem will be rejected to space either through a radiatior
or to an expendable evaporant. During ferry flight, however, the ambient
atmosphere will be used as the ultimate heat sink; this represents a special
condition for the operaticn of the liquid Freon-21 coolant loop.

Since the ferry mission is distinct from the basic orbiter mission, the
scheme under consideration is to utilize an ladd-on'' refrigeration package.

. This refrigeration package will be installed in the engine pod and tied into

the Freon-21 coolant loop by means of auick-disconnect couplings and the

necessary valving so that Freon-21 flow will be diverted through the refriger-
ation package. The package will be removed from the vehicle before the space
- flight mission.

Because the ferry flight mode is similar to that of a low-performance

aircraft, air cycle and wapor cycle refrigeration equipnent commonly used in

5 aircraft air conditioning systems are considered suitable for this applica-

tion. Both types of refrigeration equipment have demonstrated a nigh degree

of reliability and service life in airline operation, and of f-the-shelf

hardware that will meet the requirements of the ferry mission is available,

The results of penalty studies conducted to determine the relative weight
penalties associated with air cycle and vapcr cycle réfrigeration 0w a
B dofinite advantage in faver of the vapor cycle approach. In addition, the
vanor cycle unit offers a significant operational advantage becausc only

electricat power is necessary for ground operations. In terms of reliability

or maintenance requirements, both anproaches arc comparable, turthermore,
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since the equipment involved in both concepts represents only slight
modifications of proven hérdware, the cost associated with the development
and qualification of air cycle and vapor cycle reflrigeration systems are not
a determining factor. Thus, the vapor cycle system is recommended,

4. €.2 Performance Requirements

The system is designed for an evaporator heat load of 40,500 Btu/hr
(675 Btu/min) on a 103°F day at sce level. |t will cool 2200 1b/hr of liquid

Freon-21 from 1130 to 40°F. Operating conditions are defined in Table L-16.

TABLE L-16

VAPOR CYCLE UNIT DESIGM CONDiTIONS

—
Mode ldle Cruise Loiter
Day Hot Hot Hot |
Altitude, ft 0] 20,0800 2,000
Mach No. 0 0.5 0.3
Ambient pressure, psia 14.69 6.75 13.67
Ambient temperature, O 103.0 25.5 95.4
Bleed pressure, psia LL L50 | 70
Bleed temperature, Of L60 1,000 700
Ram pressure, psia (80 percent recovery) 14,69 7.76 ; 13.98
Ram tempcrature, °F 103 50 99 |
Ambient humidity 154 52 154 I
Freon-21 flow, 1b/hr 2,200 2,200 | ?.200 %
Freonr-21 return tempecrature, °F 18 113 13
Freon-21 supply temperature, % Lo § Loy L 1
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4,6,3 Subsystem Description

The vapor cycle unit is shown schematically in Figure 4-27. The basic
objectives in the development of the unit ere to (1) develop a sinple, com-
pact, lightweight vapor cycle unit; and (2) utilize components that are avail-
able within a reasonably short development time. The estimated total wet
weight of the unit is 122.4 1b (including 3.8 1b of Freon-21 in the evaporator).

The vapor cycle system includes an evaporator, 2 two-stage centrifugal
compressor, a condenser, a condenser fan, and Freon controls. The controls
include an expansion/surge dual control valve and a condenser pressure control.
The system operates with Freon-114, chosen for its compatibility with a centri-
fugal compressor now in production.

The basic thermodynamic cycle for the refrigeration system at the design
condition is shown in Figure 4-28, The refrigerant enters the evaporator as
a low- temperature (30°F) mixture of liquid and vapor at approximatcly 13 p3ia

(point 1 in the diagram). In this low-pressure side of the cycle, the pres-
sure remains essentially constant as the refrige’ ant passes through the
evaporator, In the evaporator, the liquid portion of the refrigerant evapo-
rates as it absorbs heat from the heat transport fluid (liquid Freon-21).
The Freon-114 refrigerant leaves the evaporator as a saturated vapor at 30°F
and mixes with a small amount of motor-cooling Freon at the compressor inlet

(point 2)., The mix temperature remains essentially at 30°F.

—— - . -
N ——— e

Next, the vapor enters the tvio- stage cerrer-fugal compressor, where it is
compressed to 86 psia at 160°F (point 3). (On this high side of the cycle tiw
prcssure remains essentially constant between the compressor discharge and the
dual control valve.,) The vapcr then enters the condenser, where it is condensed

at a temporcture of 140°F by transfer of heat to the outside air drawun through

[ o
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the condenser by the cooliny aii {points 3 and 4). The liquid Freon then flows
;% | to the expansion valve scction of the dual control valve, where it expends into
4 a two-phase mixture of liquid and vapor (point 1), and the cycle is repeated.

4 Freon-114 is selected as the working fluid because it is a lovier pressure

- ' refrigerant than either Freon-12 or -22 and results in lighter condenser and

=4q evaporator designs; however, in this respect Freon-11 and =113 are lower pres-

sure refrigerants than -114, The major reason for selecting Freon-114 is that

it provides a very good match between evaporator design and compressor effi-
ciency. For the usz of a centrifugal compressor, a low-density fluid is
desirable; on the other hand, the compressor performance requirements are
intimately related to the evaporator pressure drop (which results in e reduc-
tion in evaporator temperature). Careful design studies conducted for this
application have shown Freon-114 to be the best overall refrigerant.

Although toxicity is not a critical rcquirement in the present application
because the unit will be installed in the engine pods, Freon-114 is also much
less toxic than either =11 or =113 according to the Underwriter's Laboratories

nClassification of Comparative Hazard to Life of Gases and Vapors.'

L.6.4 Equipment Summary

§ Table 4-17 presents a list of the equipment required, functional and

S
performance descriptions, estimated weights, and estimated power require= )
ments for the vapor cycle unit.
The vapor cycle unit requires @ total »f nine individual components, a
A )

wiring harness, a structural frame and the necessary brackets for miunting
the components, and a rumber of ducts and tubes for component interconnection.
The number of required components has been reduced to a minimum, primarily by

the simplification of tie various co trols necessary for proper system
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f TABLE 417

. EQUIPMENT SUMMARY,
| VAPOR CYCLE SYSTEM
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operation., The exact number of ducts and tubes will be detcrmined when the
packaging is finalized, The estimated total package weight, including
Freon-114 charge, is 118.6 1b. The total power requirement is 10,0 kw

(7.9 kw for the compressor and 2.1 kw for the condenser fan).

L4,6.5 Maintainability

Maintainability of the vapor cycle system was a major consideration in
component selection as well as system pacitaging., The components vere selected
from proven equ:pment on the basis of simplicity and reliability. The number
of components has been reduced to a minimum thiough the use of controls that
provide multiple functions. Where possible, simple orifices have been sub-
stituted for control valves and sensors, thus improving reliability and
maintainability. There are no electronic controls in the system. Freon
compressors in airline service have accumulated over 30 million operating
hours and have demonstrated an MTBF of 45,000 hr.

The system will be packaged as a single hermetic unit to maintain the
integrity of the Freon-114 loop. No dynamic seals will be used and the plumbing
will be welded to minimize the number of static scal joints. These design
concepts are used to reduce refrigerant Jeakage and thereby increase the
service 1ife of the equipment. At the low temperatures to which the system
will be exposed, the pressure in the Freon-114 loop could become negative and
air could leak into the system. For this reason the system must be air-tight,
and the use of quick-disconnect connections i not recommended. The vapor cycle
unit interfaces with the ve' :le Freon-21 loop, however, and recharging of this
loop will be necessary if a vapor cycle needs replacement. Since the Freon-114

loop must be cvacuated to 200 microns before recharging., a lengthy pump-down

period rculd be required.
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The dual control valve is designed to attach directly to the Freon-2i
outlet ports on the evaporator. Removal of the package is accomplished by
four Freon-21 lines from the evaporator, two alr ducts from the

disconnecting

condenser circuit, the elcctrical connectors, and the frame mounting bolts.

It is estimated that the package could be replaced in one hour or less,

depending on the type of disconnect fittings used.

The overal!l vapor cycle maintenance task on the vehicle would consist of

determining whether the package is performing properly by monitoring the liquid

Freon-21 temperatures and the compressor power. If a package problem is

indicated, the entire unit will be replaced and the suspect unit returned to

shop for evaluation and repair.
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5.  MAINTENANCE
5.1 GENERAL CONSIDERATIONS

Among the most important of the space shuttle ETC/LSS requirements are
the guidelines covering the operational phase of the vehicle. Factors such

as minimum operational cost, reusability, and short turnaround translate into

subsystem arrangements, equipment packages, and components that must incorporate
a high degree of reliability and yet that can be maintained effectively on
the ground.

High system reliability is achieved through equipment quality and the
rational application of the FO-FS criterion. This aspect of the space shuttle
ETC/LSS design is discussed in & previous section of this report.

in support of the subsystem schematic development, extensive analyses were

conducted to assure that the arrangements recommended were optimum from the

standpoint of redundancy management in flight and also in terms of ground

maintenance. The results of the redundancy analyses have been discussed

previously. This report section considers the ground maintenance aspect of

the space shuttle ETC/LSS.

An assessment was made of the maintenance requirements of the four sub-
systems described in Section 4. The objectives of these inves'.igations were to:
(a) Validate the mainiainability features incorporated in the desin,

LRU package definition, FD-F! approaches

(b) identify additional instrumentation required for ground checkout. but

not nececsary for control or redundancy managemert in flight.

hd
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(c)
(d)

identify the GSE required to support the ground maintenance aciivitice:
Determine the time involved In performing the routine and une cheduled
maintenance tasks

Provide basic data for spares definition

Provide data basic to the development of the space shuttle operational

cost

Only onboard maintenance was considered. Depots or <hop-level maintenance

was not investigated. The overall onboard maintenance has been divided in

three major areas of activities:

(a)

(b)

(c)

Scheduled Maintenance--including postflight servicing, preventative

maintenance and preflight servicing.

Ground Checkout--Functional check of all components and LRU's (includ-

ing redundant legs) to establish flight worthiness

Corrective Maintenance-=This involves LRU level remove ar' replace

actions following fault detection during flight or as a result of

scheduled maintenance activities.,

Although ground checkout is essentially part of scheduled maintenance, it is

considered separately mainly because of the specificity of this particular

phase of the maintenance activities.

5.2 GUIDELINES AND ASSUMPTIONS

5.2.1 General Guidelines

The general guidelines used

in the performance of the maintainability

analyses are listed below:

(a)

(b) The onboard compiier or equivalent is available

Power is available for activation of all «ystem electrical components

for readout of the

system instrumentation transducers
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(¢) GSE is available in the vicinity of or wnbuard the sehicte,  The
time involved in GSE hook-up was included in the anal,mes, hut
the time expended in making the GSE available Pe oot inchodea,
(d) GSE is availlaoble without interference.
(=) Maintenance tasks can be performed without interference tros
other maintenance crews.
(f) Generally, two men of skill levels 3 and 5 are necessary. This
is specially true of maintenance tasks involving personnel satety.
(g) Spare LRU's will be available without delays

Various aspects of th

discussed

e maintenance activities particular to a subsystem are

with the data specific to that subsystem.

5.2.2 Specific Guidelines

The

guidelines for each ph

5.2.2.

This task includ

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

Fl

be performed onboard

tasks |

before

ight data

'i ARESEARCH MANUFACT

eloped using the following

data presented for each subsystem were dev

ase of maintenance

Post Flight Servicing

es the following activities:

Deactivation of the subsystem

Disposal of solid expendables

Flushing of the gaseous and liquid expendables

Securing the subsystem to prevent damage or contamination between

flights
analysis and scheduling of corrective maintenance will not

and are not cons idered here. Carrective maintenance

will normally be performed

dentified as a result of flight data analysis

ground checkout.

73-9097
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§.2,2.2 Preventative Maintcrance

Thie will inciude (1) postflight operation. airich can be el o
as expencable disposal and/or tlushing, wd (2 replacecent ot bore 1
itoers,

£,2,2.3 Preflight Servicing

.

This involves (1) expendable replenishment, and (. retwoval ot

P

protective closures installed after the fliaht.

5.2.2.4 Flight Readiness Ground Checkout

The portion of the ground maintenance activities considered here ..iil

take place after postflight servicing and flight data analysis. It Jdues not
involve unscheduled maintenance or repair actions resulting tTror failures i
flight or failures identified as a consequence of the grouna chechout FD/FI

activities themselves.

The ground checkout procedures recomrended are des igned to assure LEU
integrity. |In most cases, this involves testing of the cotponents woitlisin:
a particular LRU. These tests are conducted corcurrently ur secuer Licil,.
The kinds of tests necessary include, in general. the rollowing:

(a) Leakage

»
(b) Functional check
(¢) Performance in some cases. as for pumps, Fans., requlator and ,
relief valves
(d) A1l transducers are verified. Pressure transducers are Lot et
to GSE gages; temperature transducers are cheched by cut paiis v
to ambient and through analysis of flight data. Special ten
equipment is necessary for chechout of special transcucer, uu
as the PO2 sensor Iﬂ"“’“
- . L
-
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(e) BITE is incorporated on mosi controllers; a GSE test set is
necessary to perform controller checkout

5.2.2.5 Corrective Maintenance

In developing the requirements fur corrective maintenance, the following
assumptions were made, in addition to the general groundrules listed above:
(a) The time estimates developed include the time for GSE hookup,
fault check, remove and rzplace action, checkout of the new LRU
in the system, and GSE disconnect.
(b) The mairtenance action rates were derived from the LRU failure
rates using derating factors based on extensive experience with
tne type of equipment incorporated in the subsystem. This derating
factor is established by considerations of secondary failures,
erroneous fault detection and isolation, and defective parts due
to manufacturing deficiencies.
(c) Maintenance times were estimated using the packaging data presented
in Section 4.
(d) LRU installation will be such that all LRU's as defined previously
are accessible for replacement without the necessity for removal
“f other equipment to gain access.
da, of this section summarizes the results of the maintenance
TR or each subsystem. The vapor cycle refrigeration unit is
not considered here. The only onboard maintenance task associated with this

subsystem will consist of removing the entire unit.
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5.3 ATMOSPHERE REVITALIZATION SUBSYSTEM (ARS)

5.3.1 Scheduled Maintenance

Table 5-1 presents a summary of the scheduled maintenance requirements
for the ARS. Scheduled maintenance items are relatively simple and consist
of the foilowing:

(a) Servicing the CO2 processing subsystems, which involves removal of

expended LiOH charges and replacement of the shuttle inventory.

(b) Servicing the debris trap subsystem expendable filters in the
same manner as above.

(¢) Purging and/or draining the condensate separation device with a
solution containing bactericide. This will involve activating the
phase separators in the waste management subsystem.

(d) Servicing the water coolant loop will involve drying and securing
the flash evaporators.

The task times shown in Table 5-1 assume that the operations will be
performed by two mechanics with skill level 3 or 5. Postflight servicing will
require 38 nin. and will require GSE for water boiler servicing. Turnaround
maintenance operations will require 70 min. Allowing 30 min for GSE instal-
Jation and preparation for operation 2.2, the total task time is estimated at
100 min. The potable water cart and the N2 service cart, also used for
servicing the nitrogen supply subsysten, will be necessary for this phase of
the scheduled maintenance operations.

Expendable servicing elapsed time is estimated at 45 min. This includes
10 min for task buyoff by the flight inspector and entry into flight data

records. No GSE is required.
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TABLE 5-1

SCHEDULED MAINTENANCE SUMMARY
ATMOSPHERE REVITALIZATION SUBSYSTEM

) Postflight Turnaround Expendable
~ Servicing Maintenance | Servicing
Number Operation Operation Operation
LRJ | Required Description (Time) (T ime) (Time) Maintenance Operatfons
Atmosphere
revitalization
2-A-1 1 Cabln fan and valve| 2.1 (2 min) - 2.1 Verify fan power If off and all
package y fan controls are off
2-A-2 1 Cabin heat exchanger - 2.2(30 min) | - 2.2 Flush with potable water decontamina-
assembly {condenser tion cart and flow hot No to dry out
heater package) heat exchanger and Hy0 separator.
Assure that filter is in place.
2-B 1 Cabin Lemperature 2.3 (4 min) | - - 2.3 Verlfy cabin temperature controller
cor.troller power is off and temperatur: selec-
tor Is In OFF position.
2-C 1 Cabin temperature 2.4 (0 time)| - - 2.4 Operation concurrent with 2.3
selector
2-0 1 Debris trap assem- 2.5 (15 min)| 2.6 (15 min) | 2.5 Remove and replace filter in trap
bly and remove all expended filters
2.7 (5 min) | 2.6 Replace expended filter inventory
for next flight
2.7 Inspect and sign off operation 2.6
2-€ 1 Cabin temperature - - -
sensor
2-F 1 €0, removal - 2.8 (20 min)} 2.9 (20 min) 2.8 Remove flight LiOH cartridges and
assembly all expended cartridges
2.10 (5 min) | 2.9 Replace all expended LIOH cartridges
for next flight
2.10 inspect and sign off operation 2.9
2-G 1 Transducer power 2.11 (2 min)] - - 2.11 Verify transducer power supply
supply power [ off on all three channels
2-H 1 Cabin temperature - - -
anticipator
3-A 2 Flash woter boiler | 3.1 (20 min)| - - 3.1 Drain boiler line and purge with Nj
to dry Injector and install protective
closure on boiler vents; to be done in
conjunction with servicing of water
management subsystem
3-8 3 Avionics alr cool~ | 3.2 (6 min) | - - 3.2 Verify fan power Is off and all fan
ing package control switches are off
3-8-1 3 Avionics Hx package| - - -
3-8-2 Avionlcs alr cool= | - - -
ing fan package
3-1e1 1 Primary water pump | 3.3 (2 min) | 3.4 (5 min) | 3.5 3.3 Verify that pump power is off and
package pump controls are off
3.4 Inspect filter visually for bypass
3.5 Service will be accomplished as part
of ground checkout
3.1-2 1 Secondary water 3.6 (2 min) | 3.7 3.8 3.6 Repeat operation 3.3
pump package
3.7 Repeat operation 3.4, Task time Is
0 done concurrently with 3.4,
3.8 Repesat operations 3.5.
3-p 1 tnterchanger ouilet| - - -
temperature (pri-
mary loop)
3-Q 1 Interchanger outlel |} - - -
temperature (secon-
dary loop)
3-v L Fi11 connector - - -
as«embly
— 73-9097
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5.3.2 Flight Readiness Ground Checkout

Checkout of the ARS is summarized in Table 5-2. The requirements are
relatively simple and are concerned mainly with the lan, the pump, and func-
tional check of the temperature control equipment., The remainder of the sub-
system equipment will be verified concurrently. The debris trap/filter will be
replaced between flights, and requires only a AP check. No test of the LiOH
cartridges is recommended onboard the vehicle. Special test equipment will
be necessary to interface with the BITE incorporated in the design of the
controller.

Since the controller interfacing components are derived from the DC-10
program, the test set necessary for sémiautomatic checkout of the control
system will be basically that developed for the DC-10. This set will require
modification to include heater control circuitry check capabilities. A certain
amount of BITE is designed into the controller; however, most of the BITE
circuitry is in the test set.

No thermal performance test is planned for the water coolant loops, as
shown in Table 5-2. Checkout is limited to visual inspection for leak detec-
tion and exercising the dynamic components (pumps and fans) to verify function
and performance. Subsystem instrumentation will be checked out concurrently;
sensor continuity check will be performed sequentially using BITE incorporated
in the design of ltem 3.8. In addition to the BITE necessary for checkout of
the cabin temperature control equipment, the only GSE required is the N2 test
set for evaporator checkout. It is recommended that a dye be added to the

water for ease of leak det.ction as noted in the table
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The sequence of the checkout operations are shown in Table 5-3. The
sequence is based on system requirements and also on the efficient use of a
2-man maintenance crew. The task time for each checkout operation and the
cumulative total of all task times are given. The tasks involving the second
man are identified by parentheses. Some of the factors that were cons idered
in the development of the data are discussed below.

The development of the table is predicated on the availability of skill
Jevel 3 and skill level 5 mecnanics. Use of a skill level 5 mechanic to
operate spacecraft systems, controls, and test consoles and to determine GSE
disposition is recommended; the mechanic must be an ARS spacialist. With this
background he can direct a skill level 3 mechanic to perform all the tasks
required to complete checkout as shown.

The table shows completion of checkout without failure, and the final
maintenance time frame allows an indeterminate time for corrective maintenance
to restore the system to operating conditions. Clear access is assumed for
all procedures requiring inspection or visual observation. Furthermore, it
is assumed that the GSE is available on or in the vicinity of the vehicle.

The times shown include installation of GSE and securing the subsystem
following checkout. ~he total time required is estimated at 7.3 man-hours for
a total elapsed time of 220 min with two men performing the maintenance
operations. A larger crew would result in a reduction of elapse time at the

cost of increased man-hour requirements.
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TABLE O

CHECKOUT TIMELINE

ATMOSPHERE REVITALIZATION SUBSYSTEM

or

Prepere corrective maintenance work sheet

Checkout Cumulative
Operation Time, min Time, min
ATMOSPHERE LOOP

Hook up ARS cabin temperature test set 15 15
Check out ARS test set 10 25
Cabin fan AP check out 15 40
Check out item 3.8 and ETC/LSS transducers (45) (4s)
perform cabin temperature control checkout 35 75
Checkout humidity control heat exchanger and Hy0 separator (15) (60)
Inspect debris trap (10) (70)
Inspect LIOH canister and check manual operation (15) (85)
Buy off control checkout 10 8s
“Buy of f ARS circuit checkout (15) (100)
Complete ARS sign-off 15 100

As required to buy of f

atmosphere loop
WATER AND AVIONICS LOOPS
Hook up GSE service cart/checkout cart 20 20
Checkout GSE cart 10 30
Prepara for leakage check 10 Lo
Perform leakage test, visual inspection (30) (50)
Transducer comparison 5 L1
Check out primary pumps 15 60
Check out secondary pumps 15 75
Check out transducers 10 85
Inspect heat exchanger air cooled avionics 3 bays visually (30) {80)
Top off and service primary and secondary loops and accumulators 20 105
if necessary
Sequential check of avion:cs bays fans (30} (110)
Buy off checkout and avionics bays heat exchenger check out 10 15
(10) (120)

or

Prepare corrective maintenance work sheets

( ) Parentheses indicate second man activity.

As required to buy

of f ARS

.

. 4
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5.3.3 Unscheduled Maintenance

An estimate was made of the onboard corrective maintenance required for
the ARS. Table 5-4 presents a summary of the data. The maintenance times
shown for each LRU include:

(a) GSE hookup, assuming that the GSE is readily available onboard or

in the vicinity of the vehicle

(b) Fault isolation to ascertain that the defective LRU is indeed faulty

and to prevent unnecessary LRU replacement

(c) Remove and replace action

(d) Checkout of the new LRU in the system

(e) GSE disconnect

Skill level 3 or § is required for corrective maintenance onboard the
vehicle. As shown in the table, all maintenance tasks can be performed by one
man except for removal of the cabin heat exchanger assembly; the weight of this
assembly is estimated at 81.8 1b.

The cabin fans are assumed to be accessible for removal as single units.
|f the entire package (three fans and check valves) has to be removed from the
vehicle as a LRU, the maintenance man-hours per operating hours (MMH/OH) for
this package would increase from 46 to 210 hr/106 hr.

The time shown does not include the time necessary for servicing the water
coolant loop. This will require 2 men for 5 hr. It is assumed here that com-
ponents can be replaced without flushing, evacuating and refilling. This will
require that special connectors be used and that the components be charged with

wate - before installation. Provisions will be made for flushing the loop of

air trapped at the interfaces.
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TABLE 5-k

; ONBOARD CORRECTIVE MAINTENANCE,
e ATMOSPHERE REVITALIZATION SUBSYSTEM
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TABLE 5-4 (Continued)
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ALY compunents of the flash evaporator assewbly will he accea-inde o
replacement as LRU's.  The entire flash evaporator package «ill Le e o o)
only in the event of a failure of the cvaporator itoell, s fhat e cainte
nance action rate iisted for the assenbly s that ol the cvaporatorn,

As for the cabin fans, it was assudmed that the avionies tos bl

[

accessible for replacement as single components. [ not, the soontenanee vore
hours per operating hours (MMH/OH) would increase from 73.2 to Jle Y ooeg 14
operating hours.

For the pump packages it was assumed that the transducers were tenovable
as separate LRU's. Any other failure would require removal of the entire
package. This includes the pump itself, the check valve, the accumulatar, the
accumilator isolation valve, and the filter. This approach is recoimended Lo
minimize the risks of air inclusion in the water coolant loops. Here special
fittings and air flushi~g provisions need be incorporated only at pump package
inlet and outlet. As mentioned previously, the pump motor is the mnost
probable cause of pump failure and the motor is replaceable without breakin:
the coolant loop. In specifying installation constraints this feature should
be considered. |In Table 5-4 it was assumed that the punp motors are replace-
able separately. All coolant loop temperature transducers are surlace type;
their replacement does not involve loop inteyrity.

The total (MMH/OH) is estimated at 0.64 man-hours per 1000 operating
hour for the ARS. As indicated in the table, this assumes that the water
coolant loop will not require servicing when the heat exchanger avcenblies or
the pumps are replaced. |f it does, the task time for these LRU' would
increase by 10 man-hours as indicated in the table, and the MMH/OH Tor the sub-

system would be 1.51 hr per 1000 operating hours: this serves to illustrate

@ AIRESEARCH MANUFACTUR(:‘G (i?M‘PANV' 73-9097
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; residual expen: ables (Oa/N,).
o - <«
- ¥
1 . Final servicing operation will consist of installin: esternal protective
closures on all external skin vents and protective closures on all breathireg
02 disconnects and open ports in the ACS. This will precert inadverfest gacane
N and contarination of the subsystem,
Excludirg the closures, only the following GSE i~ recded to acoopli-i
§ posttliaht maintenance.
=
Dq test set
-~
‘ N, test scet
X
4
| Qﬂ‘u'-ltd AIREVEAR I MANCEALTCRING JOMPANY ARy
i \\.:. L T O R} P«J'}‘_‘ n‘j-! /f
3 )

5

/s

the desirability of acsidning tocee Sorpanerto o epion et i Thend a0

to service the coolant Toops.,

.4 ATMOSPHERE CLONTROL SUBSYSTEM

The various functions of the atnospheri  contred s Lo a5 The e
aus components involved suagest tha! aintaioabt e, N (R A RS
in the desian ot this subsysten. These studic ere e o R N TR TR NI
pachauing into LRU's to permit (1) thorouah clccraut o n e oot e et
flight readiness, (21 case of sub-yote data ihterpretacion in abiht oo pers
mit accurate and rapid corrective action .n the cuont ordr o ctior, ang
13) equipmeit accessibility for expediert repair actior Jhes “eces-ary .

5.4,.1 Scheduled Maintenance

The most irmportant aspect of scheduled mainterarce for th «  dbsus, e
postflight maintenance. The scheduie: M IRteranee ActiLitees are estic Lo
the time involved in the perfor=arce nf eac™ ta-k re sus o zed e 5-5

5.4.1.1 Postflight Servicing

Securing the subsystem will consist of poworin  down e subsiste

returning all control to the off (or deactive) position, ard duping toe

3




v

Maintenance .%i1l levels 3 or 5 will be required for pos tflight deservic-
ing. Deactivation will be accomplished by a Minimum ot two men work ing through
the 02/N2 control panel. |t is recommended that a skill level 5 be used for
operating the subsystem, while a still level 3 performs the various other
operations.

The total task time for postflight is 92 min (1.54 hr). An additional
30 min will be necessary for GSE hookup, resulting in a total predicted
elapsed time of 122 min, or 2.03 hr. This estimate is based on sequential
operations by an average of two men.

Deservicing the pressure N2 and 02 vessels can be accomplished through
the N2 and 02 manifolds, or by reversing the suagested filling operations.

For ground anc personnel safety, special handling of gaseous 02 discharge
should be observed.

5.4.1.2 Turnaround Maintenance

The only maintenance operation scheduled for this subsystem is the removal
and replacement of Iitem 1.72, portable 02 cystem. The most efficient means of
handling this item is a shop inspection. The pressure gage indicating quantity
should be verified by weighing the assembly to actually determine the O2 avail-
able. |f the assembly was expended during the last mission, it must be
refilled., inspected, and placed back into inventory.

5.4.1.3 Expendable Servicing

After flight commitment, the expendable 02 and N2 must be serviced. It
is estimated that, including GSE hookup, the total operation will take 60 min,
assuming that the gas storage tanks are filled concurrently. For around safety,
a minimum of two ~en are recomnended for this operation. As part of the pre-

flight servicing operations, all protective closures will be removed.

- .
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. TABLE 5-5

SCHEDULED MAINTENANCE SUMMARY
ATMOSPHERE CONTROL SUBSYSTEM

'
i ! l
| .o Postflight Turnaccun) | Pretlent l
P Read Desceigtion Servzicing Maintepance | Sergicie: Mairterasoe Sfecaty v
e -+ - —_ o me + + } cm mm—pen e e —_ - R .-
H ! enter time lice (tecengt o a0 <
. : . in Taele 5/,
¢ 1 H
Vi 1 Cabin Pressure Rellef Valve : b ... - Co-panent veritied for fliart &, cat.

analsysis any around Chedavut.

|

. 1-8 1 NZ Manifolag Asserbly - - -
l
1-C 1 5, Manifald Assenbly ! --- - -
. H 4
1-2 M 2-63s Cortral Parel (5 ey --- ! .- L1 Saiter oft a1l gomteld puoact ot teta
! all valses to off zositiar.
B C -t 1 N. Marual Pressurization Valve | 1.2 (2 ~in) , .- -—- 1.2 Verify =anual .alve Is clores.
i 1-F 1 0. Manual Pressurization Valve 1.3 (2 »in) . .-- —— 1.3 Repeat operat o~ <’ i.l.
< : ' .
E 1~5 1 Water Tarkh Pressure Regulator ara Relief' 1.4 (& ~in) - - 1.4 Place resuiator celectur to IFF rer
i Valve | . both grirary ang sec3tiars .o
' t -1 3 Avianics Bav Pressurizatior Valve : .- N A -
l
- {
L] i 1= 2 hirlech Pressure Gaae '1.5 {5 min) am- 1.21 1.5 1astall protective closure =~ iaie
o i ' inlet.
. CreN 2 " Airlock Pressurization Valve 1.6 (5§ ~in} | L 1.22 1.6 Verify that valie > closec ang inctat’
’ : . protective closures (Just covers!,
K [ 2, Floa Restrictor and Heater .- - ] .-
! 2
! i-M M Levitiars 0, Storage Tark Assemiyly 1.7 (2 mind --- 1.9 (20 rin) 1.7 Verify pouer 3t OFF o all waliesi ooo-
: ‘ . © . currett with 1.1,
o
» ’ i 1.8 (20 rin) i : .- 1.8 Dusp all resicual 3ases througrn S.b o o=
H t nector 1.80; use O, test set for 2. 0 <
! 2
i 1.9 Fill 02 tanks fo. rext flight., wuse 2.
: o
B . . I test cart.
i i .
s -4 . 8 N, Storage Tank Assembly 1.10 (2 ~in) .- 1.12 (20 min) 1.10 Repcat operation 1.7.
: . 1.11 (20 =in} - .- §.11 Repeat veeration 1.8; use 3 tewt set.
’ . . 1.12 Fill N, tanks for aext flight. Lee Uy
-~ : : ! ) | test cart. .
! 10 . 3 N2 Pressure Regulator and Reliet Valse .-- e i .- .
[ 1-0 : C Payload Tunrel Pressurizatior Valve 1.13 (5 ~in) - ! .- 1.13 Repeat oseration 1.6. )
1 N H .
l i 2 i Payload Tusrel Pressure Gage 1.15 {2 min) - : - ] 1.15 Repeat operation 1.5. '
Y-k 3 Ldeionles Pressure Relief Valve i Rl : .-
1-5 M EVA Support Parel {.16 (& ~in) e “1.23 1.16 Verify all shutoff salves ere vlusec ung
* “ . ; install protective closures on all 0's. )
112 Friamt Station service Panel 1.17 (5 min) —ee 124 1.17 Repeat operation 1.16. _ !
: . i
tey o Portable 9, Sv.te” - 1,18 {5 . in} ‘ 1.18 {5 ~in) 1.18 Rerove for SRU inspection and refill a« 1
¢ needed. Certify lrspection and reads : 13
| N for flight use. H :
; | i
t-y 1 2 Airlock Depressutization Valve 1.13 (5 min) -ew | 1.2% 1.19 Repeat operation 1.6,
b 1-w 2 EVA Hateh Pressure Gaae 1.20 {2 ~in) ! .ae { 1.26 1.20 Repeat uvperation 1.5 s
{ ; . i ¢
e Y Aviortes Bay LP Gaae (Bav 3 .. i e ' .--
{ . ) i
; vy 1 foienics Bav 2P Gaae (Bay 2) == | .- i ve- '
1
; [ Vo Avionics Bay OP Gage tBay 1) - .- | i
| 1-ae PO, Sersar .- .en -e. ‘
l 104 N (abie Pressyre Trarsducet e vow .- 1.2) throgah 1.26 Perwve protective clusater,
' | U, - . . S - —_ !
~~
T -90
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N2 and 02 ground servicing carts will be required. Facility or GSE
capacity should allow for simultaneous filling of three N2 and two 02 tanks .
During filling of 02 tanks, normal safety precautions for handling high-purity
high-pressure 02 should be observed.

5.4,1.4 Flight Readiness Ground Checkout

This portion of the maintenance operation is concerned with assuring that
the subsystem, including all redundant elements, is functionally sound, thus
assuring the high reliability necessary for spaceflight. The ground checkout
requirements developed were based on the assumption that all equipment requires
verification. As experience is gained with operation of the vehicle and its
subsystems, the lengthy ground checkout activities could be abbreviated con-
siderably. On-condition monitoring techniques could be developed; however,
this wculd involve activation of all redundant subsystem elements during the
flight and might result in unacceptable crew involvement.

The checkout requirements of this subsystem are summarized in Table 5-6.
The checkout procedure will require handling of high pressure N2 and 02 equip-
ment. The major GSE necessary to implement checkout includes: (1) a high-
pressure N, test set, (2) a high-pressure 02 test set, and (3) a vacuum test
set. In addition, small gages and adapters will be required.

Large quantities of oxygen and nitrogen will be used in the performance
of the leakage and flow check. Special safety precautions should be used
vhile checking (he high-pressure oxygen. It is suggested that this portion of
the subsystem. which interfaces with the cryogenic oxyyen supply, be checked
out together with the cryogenic storage subsystem.

As shown in Table 5-6, a large portion of the test activities is concerned
with leakage check of the LRU's and dynamic chechs of the nuretous regulator/

relief valves. Also, the PO2 control equipment operation will be verified.

AIRESEARCH MANUFACTURING COMPANY -
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Because of the large number of components involved and the many redundant
paths, ground checkout will consume an appreciable anount of time. A prelimi-
nary analysis was made of the time necessary for a 2-man crew tu couplele the
maintenance task. Table 5-7 summarizes the checkout operations performed by
these two men and also defines the checkout seguence.

Generally, a sequential leak check of the oxygen and nitrogen supply
system is performed. The pressure transducers are checked concurrently. As
illustrated in the table, the oxygen and nitrogen legs are checked out at the
same time. This will be followed by regulator/relief valves testing end check-
out of the storage tank assemblies. The two men constituting the maintenance
crew are identified; the second man's time is in parentheses.

The total time for checkout of the atmosphere control subsystem is esti-
mated at 385 min with 2 men. This could be shortened considerably by using a
larger maintenance crew. However, the number of men which can be used is
limited because much of the testing must be conducted sequentially. Also,
space available for the maintenance w will be a limiting factor. It i»
estimated that a four-man crew would represent the maximum, with a 3-man crew
being optimum in terms of elapsed time.

5.4.2 Unscheduled Maintenance

Table 5-8 presents a summary of the requirements. The same basis was used
in the preparation of these data as for the subsystems discussed previously.
Much of the equipment is single components; others, such as the LRU's of the
02/N2 valve panel, incorporate many components (Ref. 1-B, 1-C, and 1-D) that
will be removed and replaced as a unit. Component replacement within these

LRU's will be done at the shop level.
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The 02 and N2 gas storage tank assemblies will not be removed from the
vohicle unless the tank is defective. In this case leakaqe identification to
determine whether the tank, the pressure transducer, the isolation valve or
the fill valve is leaking might be difficult. The proccdure recommended i

as follows. |f the tank assembly is leaking, the tank will be disconnected

and checked for leaks separately. |If the tank is leaking, it will be replaced.

P

If not, the isolation valve, pressure transducer, and fill valve will be
replaced. Leakage isolation to any one of these components will be effected
at the shop level. The time involved in performing this separate leak check
Lq is accounted for in the table.

- The total time estimated for onboard corrective maintenance of the sub-
system is 7 hr per 1000 operating hr. About 75 percent of all corrective

] m1intenance will involve the two-gas control panel. Adequate spares should
be provided for this particular LRU.

5.5 WATER MANAGEMENT SUBSYSTEM

5.5.1 Scheduled Maintenance

The recormended scheduled maintenance operations for the water management
subsystem are discussed below. Table 5-9 summarizes the operatiuns for each
LRU.

Scheduled maintenance is predicated on performance of the checkout with

¢
]
N, gas. Also, decontamination of the subsystem will be required only a% a ﬂ’

3 result of accidental contamination or after heavy maintenance. Cartridge-type
replacement is used for the deionizing column on the silver chloride colunns,
The expendable evaporant side of the flash evaporator should be preflight-
serviced at the same time. |f required, postflight servicing could be deferred

of unt il preventative maintenance. e
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Nurber in parenthesis is the time necessary to perform the task,

D)
Y
. . i
TABLE 5-9
SCHEDULED MAINTENANCE SUMMARY
— ! o .I‘A
4 ! Poatthigng Tt ngtagd Protloght !
CRU R Qenoription R FYT NN Mainteon e 1 Sec doans LAY « e
H + e e [ . . . St e .
dater apcane oot [T B AR Y P B PR K L LU (30 ~=e1 o' Tee Lero Latee gy e e 0 Lo
Cpticnal Fegurted ! L S I T )
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: SRttt e L
: 1, b, 0t 00 ey o v, o
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b4-a . Water contral panel ascerbly
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4-C water chiller In conjunction with 4.3
4-4 Woter heater 6,3 13 minad 4,3 yerity that heater fower s 2f0
4-E 2 " Silyer ion yenerator 4.4 (20 nin) 4.4 Replace totn beds griar to operatior ra.l’,
4-F Watee “ilter 4.€ {20 miny 4.6 Leakaue check Sal 3 LUcororat
4= Yeiorizer 4.7 (15 nin} .6 leseect ardfor replace oticr t, tecati 1.2 s
repeat (4,51,
4.7 Heplace geiomiger and teprat Jedrdie STl e
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The oilver ion detector scheduled suintenavce i oot detined, i
equipment is currently under devolopnent , and data o g aintaiaab i bies ot
mate is not currently available,

5.5.1.1 Postfliaht Servicing

The major maintenance operation is to deactivate the potable water s, (e
Following the drain of potable water, a GN2 purge with the G5E te .t set il
be performed. Drying is completed after about 10 r.n, and the cohaust ait is
between 850 and 9OOF as a minimum. The system will be closed out with 2 to 4
psig within the system. This will leave the potable water tank expulsicn
devices extended, assuring good se-vice life. The system should be closed cut
at this point, and all outlets should be capped with praotective closures.

5.5.1.2 Preventative Maintenance

Prior to ground chechout, all filters, the deionizinag colurn, ard =silver
ion columns should be replaced and the subsystem decontaminated if needed. HNo
GSE is required or special equipment needed to accomplish these maintenance
tasks.

5.5.1.3 Expendable Servicing

The subsystem will be serviced with poteble water atter around check when
the vehicle is committed to flight. The potable water service cart will be
used to fill the subsystem with potable water at the required guality level,

5.5.1.4 Maintenance Skill Level

Postflight servicing will require two men, one of sk ll level 3 and one
of skill level 5., to perform all operations. Preventalive maintenarce and
expendable servicing can be performed by either one or two nen. tites shoun
for preventative maintenance and servicing are for a shkilti-jevel-5, ingle-

man operation.

p ":@ . G COMPANY - o
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' Total pu%l1|i}ht T T P R TR PR N I S L Co
3 dn of the 66 i ie tor SUE ook Teva iy BRI [ S
& Caintenonce ie 66 cin it e canb g LD e
[t s eabimated that the average Lo e R T S I T O R A TP ‘
potable water is 30 cin Ltone can) . The d-hy o R TR R
gi elapsed tine of 12 to 18 hr i Baclorial vount G- too it b e S
quality. A scrvicing tive of 1.5 o includin oo devena ot
developed by usina a short flush with stean anu oy clio doaties b eo i
ments for bacterial culture anralvsis of tne svete

5.5.2 Flight Readiness Groura Chechout

Following servicing operctions, the subiysie T T TR T Y T PR Y
filters, silver ion senerator, and deionizer «ilh hove bow e baeew

. check on water purity and sterilivy will be ade os el N L
servicing operations.
Ground chechout will be perforsed witn nitreacs P : '
. w111 be used for this purnose. A samiary of the reaairo et s N

in Table 5-10. As shown in the table, cnechout opuetativne doe e Toae s
checks and verification of the various valve funclicons.

A prelinminary analvsis of the tire Trvalved in Conauc i toe ey
operations is prescnted in the tor: of ti-clines in Talte o- Yo o ie

a teo-ren crew (skill levels 3 and 5), it is ol aled Ul U ortioe cain

s tenance  activity will require 105 ~in. This tine e Lot ite bes WL o
4‘
(37 i), The totol tire elapsed could be redaceoe byow b i
The arrangenent ol checkout orerations and cabs,a e e [P Pt
tur. Chechuu. uenc NG as a requitecent of sabsyato pertor o !

ol ary appreciable shortenin: ol the roand dieer out Ero
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Concurrently, the buyoff of the water cooling loop flash cvaporator occurs
during checkout of this subsystem. Potable water is tae expendable evaparant
for boiler operation. At the completion of checkout operations the subsysten

will be left slightly pressurized to minimize entry of atmosphere.

5.5.3 Unscheduled Maintenance

The total onboard corrective maintenance time for this subsystem is
estimated at 0.4 man-hours per 103 operating hr. Table 5-12 gives a breakdown
of the unscheduled maintenance requirements. It is assumed that decontamination
of the water management subsystem will not be necessary after replacement of
single components. Special precautions will have to be taken to prevent

bacterial contamination. In the case of the water control assembly described

earlier, the large number of interface connections will probatly result in
system contamination. The data of Table 5-12 include the requirement for a .
4L-hr decontamination task when the panel is replaced. |f bacterial cultures
are necessary, an additional 18 hr will be necessary to ascertain the
effectiveness of the decontamination procedure and systen buyoff.

5.6 FREON-21 HEAT REJECTION SUBSYSTEM -

5.6.1 Scheduled Maintenance

The scheduled maintenance recommendations for the Freon-21 cooling loop [ S
are discussed below. The Freon-21 loop, like the water cooling loup, is a

closed circuit and is passive except for the Freon circulation pumps . it

requires a very minimum amount of scheduled maintenance activity. The NH

3

cooling subsystem will require purging of all the NH3 prior to securing the
loop for the next scheduled operation. This establishes the requirerents for

- o

personnel and vehicle safety equipment.

v
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The Freon-21 loops will not be opened unless corrective maintenance is
necessary. Leakage check will be done as part of the flight readiness checkout
operations.

Table 5-13 presents the recommended scheduled maintenance operations for
each LRU; times to complete the operations also are shown.

5.6.1.1 Postflight Servicing

Postflight servicing of the Freon loop is quite simple. The only mainte-
nance task consists of power shutoff and verification that the pump controls
and the GSE bypass valve controls are of f.

The NH3 boiler subsystem requires dumping of residual NH3 fnllowed by a
GN2 purge of the system to clear the subsys tem of NH3 vaper. The dump and
purging operation utilizes existing ground checkout GSE. During this opera-
tion, maintenance personnel will be required to wear protective clothing and
breathing masks.

5.6.1.2 Preventative Maintenance

No scheduled maintenance is planned for either the Freon cooling loop or

NH. boiier loops.

3
5.6.1.3 Expendable Servicing

The only requirement for expendable servicing is loading, NH3. Because
of the toxici'y and safety problem with NH3, it is recommended that it be
loaded at the same time as propellant loading. The system is basically closed
cycle after servicing except for elther relief valve or burst disc venting,
which is a secondary failure. Unsafe discharge of NH3 can be handled by the
GSE NH3 disposal cart. Conditioning of the NH3 for loading is handled by

another GSE cart. This cart assures that NH3 is loaded at the proper press:-e

and temperature so that in normal operation relief venting should notl occur.
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TABLE 5-13

SCHEDULED MAINTENANCE SUMMARY
FREON-21 HEAT REJECTION SUBSYSTEM

Turn-Around
Post-Flight | Maintenance Pre-flinht
LRU Req'd Description Servicing Preventative | Servicing Maintenance Operations
7-A 2 Fuel cell Hx assembly - - -
1-8 2 Hydraulic Hx assembly . - -
f 7-C 1 Payload Hx assembly - - -
. ' i 7-0 1 GSE Hx assembly - - -
7-E=~1 1 Primary Freon pump 7.1 (2 min) - 7.2 7.1 Verify that pump power is of f and
package pump controls are of f.
7.2 Servicing will be accomplished as
part of ground checkout (if
" required)
7-E-2 i Secondary Freon pump 7.3 (0) - 7.4 7.3 Repeat 7.1.
package
o~ ; 7.4 Repeat 7.2.
7-F 2 Temp sensor - - -
7-G 2 GSE Hx bypass valve - - -
. 7-H 2 GSE Hx bypass valve 7.5 (2 min) - - 7.5 Verify power is off controller and
- controller control switch is off.
o 7-1 1 Freon-water inter- - - -
. changer
1-J 4 GSE connector - - -
‘ { 7-% 4 Fill connector - - -
o 7-L 2 NH’ tank assembly 7.6 (30 min) - 7.7 {30 min)| 7.6 Attach NH3 disposal cart and drain

residual NH3 out of tanks and

purge NH3 tanks both with N, and

“ install GSE outfiow vent adapter

on vent tube.

" 7.7 Use GSE service cart and NH, dis-
‘. posal unit to fITl NHy tanks at

: 128 psig at 70°F.

i 7-M 2 NH3 pressure regulator - - -
j 7-N 2 NH3 boller package 7.8 - - 7.8 NZ purge, Performed with 7.6. '
: 7-0 i Radiator in temp - - - z
e sensor (primary) §
. 7-f 1 Interchanger In temp - - - i
2 sensor (primary) §
j; 7-Q 1 Interchanger In temp - - - ,4
i sensor (secondary) ‘
P i M
s 7-R 1 Radiator in temp - - - { ﬁ
_ ) sensor (secondary) i
. 7-u 1 6SE Hx out temp sensor - - - i
DU S (primary 1oop) '
7-v 1 GSE Hx out temp sensor - - -
(secondary loop)
7-W 1 NH3 delivery press - - -
:" transducer
7-% 1 NH3 boiler out temp - - -
" ' (primary)
7-Y 1 NH, boiler out temp - - -
(secondary)
7-2 6 Freon manual shutoff - - -
valve
7-AA 6 vapor cycle connector - - - -

AIRESEARCH MANUFACTURING COMPANs 73-9097
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Handling of NH3 will use similar equipment or thc same equipment that is uscd
for hydrazine so that this equipment should be readily available to scrvice
the ETC/LSS.

To perform postflight servicing will require 64 min (0.9 hr). Thirty
minutes of this time is required to hook up the GSE. Since the major mainte-
nance operation is deservicing NH3, safety and handling problems will require
a minimum of two men. Servicing of the NH3 will require 60 min total which

includes 30 min for GSE hookup.

5.6.2 Flight Readiness Ground Checkout

Thermal performance verification will not be performed as part of the
ground checkout operations. Checkout of the Freon loops proper will be
limited to (1) visual inspection for leak detection and (2) exercising the
dynamic components (pumps and control valves) to verify function and per-
formance. The ammonia storage and delivery equipment will be checked out
using nitrogen. The same test set as for the atmospheric control subsystem
can be used here. Table 5-1k4 summarizes the checkout procedure.
It is recommended that a dye be incorporated in the Freon-21 for ease '
of leakage detection. In addition, the use of a Freon sniffer is recommended. }n, “"f

Checkout of the GSE heat exchanger bypass system will require a test set

for interfacing with the controller BITE. The valve should be checked for

Jeakage and function integrity when the GSE heat exchanger is in use. All

—
’
x

instrumentation will be verified during the functional check of the loop.
Table 5-15 shows the relationship of checkout operations described in
Table 5-14 relative to maintenance sequence and time logic. The data include

the setup time for GSE hookup through completion of the checkout operations.

J
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TABLE 5-15

TIMELINE CHECKOUT SUMMARY
FREON HEAT REJECTION SUBSYSTEM

Checkout Cumylative Checkout Cumutative
Operation Time, min Time, min Jperation Time, ™in Time, min
front section visual leakage 40 40 Top of f acc.mulators as required {no time)*
check
Buv off loops 20 126
Mid section visual leakage 15 13
check Leakage check NH3 tank (s) (130)
Rear section visual leakage 15 70 (primary) 5 130
check Leakage :heck NH3 tank (s) £1,8)
Install bypass valve test set (15) (secondary) 5 135
Check out GSE (15) (30) Regulatar checkout (5) (1:0)
5 140
perform FCL static checkout
leakage Regulator lock-up {5) (145)
5 145
Check out primary pump 15 85
package Instal) boller controller (s) (150)
test set 5 150
Checkout secondary pump 15 105
package Checkout out controller (s) (1585)
GSE 5 155
Check out loop transducers (20) (50)
Check NH3 boiler control and (10) (165)
Check out bypass valves (28) (75) valve (primary) 10 165
Hook up N, test cart to NN3 (20) (95) Check NH3 boiler control and (10) (175)
system valve (secondary) 10 175
|?sta:l boiler exhaust (10) (105) Check out transducer tempera- (10) (185)
closures ture and pressure
Hook uo test port (10) (115) System buy off 20 198
Checkout GSE {10) (125) (20) (195)

{ ) Parenthesis Indicates second man activity.

% Would require 20 minutes per loop, iacluding GSE hook=-up.
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lhe following considcrations were -equired to perform this analyais.
Entiy into the subsystem is not required and the systen is sco.i~cd and topped
of f after the last checkout operation only if required as a result of puip
package check.

If the system were to become contaminated or hedvy corvective nainte-
nance is required, the component connectur designs will permit isolation of
the failed part for replacement. Replacement parts will be precharqed so that

contamination will be minimal. Reservicing will require pump down of the

subsystem to a 200 Hg vacuum (far drying) prior to charging. It is estimated
tha. *this task will take approximately 5 hr for vacuum purges and 30 min for
reservice. Total time is 33u min. Contamination of the Freon loop is not
considered in the timeline analysis.

The total task time presented is for checkout of the Freon 21 loops,
and the NLB evaporant subsystem requires 195 min. Initial tasks are devoted
to Freon loop checkout; after 75-min elapsed time, the second man completes
the Freon loop works and initiates checkout of the NH3 loops with GNZ. After
125 minutes elapscd time, the first man also is involved with NH3 subsys tem
checkout.

Two skill level 2 mechanics will be required to perform the checkout.
Both men should be completely versed in refrigeration and handling of such

refrigerants as Freons and ammoni a NHB.

To check out the Freon 21, the service and ground checkout cart is needed.

In addition, a vacuum service unil with Freon sniffers arc nceded if leakaqe

and reservicing is required.
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5.6.3 Unscheduled Maintenance

A summary of the Freon 21 coolant loop onboard cutrectioe STt
requirements is presented in Tabie H-16.  Only rerove and pepiace action, e
considered. The time shown includes GSE installatior and ditconnect. Hogever,
it is assumed that the GSL will be available in or ncar the vehicle.

None of the corrective actions shown include servicing of the Treon loap.
As me.tioned previously, it is assumed that the componcits i bl Lo installed
in a charged condition and that provisions will be incurporated in the design
of the interfaces for rapid purging of any air entrapped wh'le ihing the

corrections.

If servicing of the Freon 21 and inteifacing liquid loup is necessary
after replacement of the heat exchangers, a total of 2000 maintenance hours
will be added to the 646 shown in Table 5-16.

The transducers on the Freon pump packages are replaccable as single
items. To minimize the hardware requirements, it is recommended that the
entire pump sackage be removed (including accumulator) should any of the
other package components fail.

Removal of the armmonia tank assembly will only be done if the tank is o ¥
defective. |t is recommended that after a leak hus been detected cor the
tank assembly, a sequential leak (heck of the tanks and valve packages be .
conducted to isolate the leak. This will reduce overall maintenonce tine.

The total MMH/OH estimated for the Frecon 21 subsystem is estimated at "

0.65 man—hour/103 operating hr.
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5.7 SUMMARY OF MAINTENANCE REQUIREMENTS

A summary of the onboard maintenance requirements for the four sabayaters
considered is presented in Table 5-17. The time to scivive, check ety and
perform corrective maintenance is estimated at 50.7 man-hours bLased on a /-day
mission. With a two-man maintenance crew, total elapsed time is 25.4 hr. The
largest portion of the maintenance tine is expended in the atmosphere control
subsystem. Checkout of this subsystem alone accounts for more than 25 percent
of the total maintenance time. The instrumentation and GSE necessary to

support the maintenance activities are discussed in Sections 7 and 8.

AIRESEARCH MANUFACTURING COMPANY i
Los Argess Cotena 73_9097

Page 5-L46

F

zie

e -

ey




73-9097
Page 5-47

LA 1°1€ 1°81 teiog
$9°0 g9 t°€ doo| jue(ood> ucai4
04°0 5 € €y juswabeuew u3alepm
S0/, 8¢l 9°f {013u0d 2s3ydsouly
%9°0 £/ 1°9 uotiez el inas a1aydsouwly MW
(o3
sanoy bButieaadp 3y6 14/ S4nOH-uUeK 1461 {4/ SanOy-uey walsAsqgng €7
0l / S4noOH-uey InoYd3aY) (Buid1A493s) 2]
¢ aoueuaUIPY punoig ssauipedy Iybi 4 asueualutey pa3|npayds 3
aA1323440) pdeoquQ t4
X
s
AdYWANS FINVYNILNIVW ]
L1-S 318Vl — ‘
y - 9 9 -4 - L a
..A v,uﬁ.. - - e - - T Tese E v - ’ .vy‘*

LY
R4

g

P




SECTION 6
TEST REQUIREMENTS
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6. JTEST REQUIREMENTS
6.1 TEST PHILOSOPHY

The overall test program is divided into two major tasks: (1) development
and (2) certification. The initial task is characterized by the use of pri-
marily R&E hardware. Certification, which includes qualification, is con-
ducted with production hardware subject to all program traceability and quality
assurance requirements.

Figure 6-1 graphically describes the overall test approach. The initial
phase involves analyses to establish the suitability of existing designs.
These analyses cover material c. .tibility, functional and per formance ade-
quacy, and structural/environmental capabilities in view of the specification
requirements. The results of component selection studies were used to estab-
lish the certification requirements reflected for the as-is and modified
components.

Most components will be subjected to breadboard development testing.

The scope of this testing will depend upon the hardware category (existing,
modified, new), the complexity of the component, and the system function.
Therefore, the tests will vary from a simple demonstration of functional/
performance suitability to more extensive evaluat ions, such as EMI suppression
approaches and limited structural/life tests.

The remainder of the development prugram will be more formal and will be
conducted using prototype configuration hardware fabricated from controllied

development drawings. This more rigorous phase deals with designs using new
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concepts and designs for which life, extended per formance, or structural
integrity must be demonstrated. This phase is identified as prime developnient.

Certification is subdivided into three sequential pk:ses: Phase I,
component-oriented tests; Phase |1, package-oriented tests; and Phase I1l,
special tests. Two types of testing will be performed: (1) design/performanze
evaluation and (2) qualification. The design/performance evaluations (compo-
nent and package) are basically performance tests that provide the means of
evaluating acceptance and qualification test procedures and criteria.

The qualification test program is concerned with demonstrating the
capability of the equipment to withstand the structural, environmental, and
reliability requirements of the reusable ETC/LSS. Qualification of the ETC/LSS
equipment will be accomplished by testing or assessment (analysis or similar=-
ity), or by a combination of the two. The method used to qualify a particular
package or component will be determined based upon its hardware category
(as-is, modified, or new), complexity, and function.

Qualification testing will be accomplished almost entirely on the final
LRU (shipping configuration) level, which is justified because package testing
is more representative of the conditions to which the hardware will be sub-
jected during the mission. Where component level environmental or dynamic
tests are considered necessary for particular components, they will be accom-
plished during the prototype development phase.

Certain qualification tests such as burst, bonding, and explosive
atmosphere are strictly component tests and will be conducted on that level.
Others that are component oriented (such as EMI and fatigue cycling) may be

conducted on the component level.

TN
vave)| ARESEARCH MANUFACTURING COMPANY
N/ Lot Angren, Carirna 73-9097

Page 6-3

8




Maintainability demonstration will be performed during final certification
(Phase 111). Servicing, preventative maintenance, and LRU/SRU replacement to
demonstrate accessibility will be included.

6.2 DEVELOPMENT REQUIREMENTS
6.2.1 Breadboard Testing

In general, these tests will be conducted to provide design data, verify
particular aspects of a design, and gain confidence that the hardware will
successfully meet the requirements of the more stringent prototype deve lopment
and qualification test programs.

Breadboard testing of as-is componznts will be limited to checkout tests
to verify the suitability of a particular component qualified under a previous
program but designed for a different function or to different performance
requirements. Existing components that will be subjected to selected bread-
board tesis are (1) check valves, (2) relief valves, (3) manual valves, 4)

02 tank, and (5) 02 mask. These as-is components will be subjected to design

suitability tests as applicable, including the following:

(a) Proof

(b) Leakage

(c) Flow vs AP

(d) Functional

(e) Performance .

In general, breadboard testing of the modified components will be similar
to those of as-is items. However, this program will be somewhat more extensive
and will include tests such as life testing and more involved performance
checkout. Table 6-1 identifies the scope of the breadboard test program for

this category of equipment.
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TABLE 6-1

COMPONENT BREADBOARD TESTS FOR
EXISTING MODIFIED COMPONENTS

Component Type

Test (As Applicable)

Electrical valves and (a) Proof and leakage
quick disconnects (b) Flow vs AP
(¢) Operating torque/force
(d) EMI, power consumption, IR
(e) Operating time
(f) Operational stability
(g) Mechanical compatibility
(h) Cycle life
Orifices, regulators, and (a) Proof and leakage
relief valves (b) Calibration
(c) Flow stability
(d) Cyclic life
Sensors (control), (a) EMI, IR, dielectric, power consumption
controller, and (b) Performance
temperature selector
(c) Calibration
Temperature and pressure (a) Proof and leakage
sensors (b) Calibration
(¢) EMI
(d) Fluid compatibility

L0 Angaies, Catitorn:a
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New components will be subjected to a more comprehens ive breadboard test
program, as defined in general terms in Table 6-2 where the type of tests pro-
posed are defined for each type of component. These tests are concerned vith
demonstration of performance, EMI suppression, and structural soundness in
selected cases.

Performance maps will be generated for fans, pumps, and heat exchangers.
These data will be generated in support of the system analysis effort.

All EMI suppression approaches will be developed as part of the breadboard
test program. All controls will be checked out with interfacing hardware such
as sensors and controlled unit.

6.2.2 Prime Development Testing

The prototype test phase covers those components and packages that use
new design concepts and/or for which operational/cycle life, extended mission
performance, or structural integrity must be demonstrated to confidently enter
qualification. The parts will be of production configuration, and subject to
all program traceability and quality control requirements.

The primary objective of this phase will be to evaluate 'he effects of
selected critical environments, critical parametric overstress, and operational
endurance. Table 6-3 lists those items considered in this category.

Package or functional group testing is recommended for selected assemblies
to verify performance and identify any interaction problems (especially those
associated with control functions). Four packages have been identified that
will be subjected to this level of testing:

Ammonia evaporation control system
Expendable evaporant heat sink
Atmosphere revitalization

Gas control assembly

AIRESEARCH MANUFACTURING COMPANY -
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TABLE 6-2

¢ +

COMPONENT BREADBOARD TE

STS NEW

|

COMPONENTS

Porgueprent Type | Tent Docorption Cuulprant Type Teat Deucdqption
fore a1 putps  ta) Pielicinaty perfurcarie raps {spocd, power Filters (@) Chock falteing effeztaveress aitk contralles
. consurpt 1on, pressure rise, tlow) contaningtior ol proves fluc: tloa
(LY Magnet.. coupling wtreeqth, breahdown 1b)  Life test with reoiral conty itat s le.el
[
taryue {pups) (¢} Adequacy of piessure cliot tunction e
") applicadle EM) applicacte
Lod Aceeeulator walivratrion o applicavle (purps) l (d)  Selected ervacurental, in ludiey
L (@) Proof and leakage ! vine scanu, dwells] and wortt-ani: v b =
P fY Bearing life (conducted in prototype dev Dume nozzle ] ta) Power consu-ption
1 hase) 55l
— } phase [, osserbly % W) vacuur/ freezing
maruol, ‘oleraic, Following as appl.cable: i (<) Operational cycle (flow/ro tlow)
“elicf valse. - PR,
. ’ 1 Proot ! leokay
W quich o root ans leshage Controllers ! (o) Oefinitior ot indivicual codule characte -t
Lencommeate o' Flow vs P characteristics ~ith operating | )y appli 1 "
ttaia ialso with horologous fiuid for . o) Applicanie EAL texts
a-ron1a corponents’ i () Perforrance at nominal, ~ax.cum, and wini g
(¢} Operating tcrque/force l terperature
; ; i ! (d) Subsystem tests with associsted input corard
tyd) Electrical - EMI end power consumption i (
H unit and output drive unit
(el Flow’operational stability i -
1) Material compatibility i::;g:;;ure t 13) Calibration
\3) Operational cycle i (o) Applicable EMI
- { (¢} 1nput command for subsysten chech with
Reulators | (o) Proof and leakage i controller and valve
5) Jorati ; . R . . T
\ Co¥ioration Transducer i (a) Individual circuit evaluations
1) Flow/operational stability power supply ! (b) integrated circuit perfor=ance at rorinal,
{#) Material compatibility (Item 7.40) ! ninimum, and maximum temperature
i
Operat onal cycle H I (c) *Therral cycle
S — P
Storaie tanks (@) Proot and leakaue i ' {d) “Applicable EMI
3 ] +
11bY  yivbratioresine wlows “esonart dwells i (e) Subsystem interface callout
Y Pressure ¢yede Flow .cnsot ; (a) Performance at nominal minimun and mox ey
1) Design burst ! temperature
—_——— R o e = ) i (5) Thermal cycle
rgat exchargeirs, |Followira as applicable:
coneenser, and ta)  Proot an¢ ledhave l i () Enl
e.aporators ) ¥ | i (d) Vibration
(b)Y Preliminary pertorcance rops - heot . ! \
re,ection, presture drops i . (e) worst-axis shock e e —
(ot Pressure/therral cvele iﬂages ‘' (a) Proof and lcakage
(Y Selewted epv.ronmental, inclyding vivrations | t {b) Calibration
vire scans and cresonant dwell worst axis; H ' o " \ 1
shoch, worst oais; and terperature hunidity i {c) Operational cycle
(@) Attitude voriation {(ltem 2.6 condenser only) (d) Design burst
(1} Design bdurst ‘Burst discs (8) Proof and leakege
(9} Heatup, recovery, and terperature control (b) Actual burst
— e o Aten D) - [N (e —
THH, feed (a) Leakage
€0, absorber (o} Proof and leakage 3
N vernatherm (b) Response/stability
b) F s P i i
(b) Flow vs P charocteristics ' (¢) Calivration
C reroval effecti s e
les C02 erovel effectiveness vs flow rate, \d) Vibration-sine scans,resonant dwells
relative humidity, €0, concentration, and . .
terperature 2 le) Operational zycle
W} Dusting tests - storage and systen {f) Thermal cycle
instatiation - A . T
' $itver ion (a) Material selection/compatibility
. (e Selected enviconmental, including vibration= | generator, [ (6) Po-forn i | f
sine scons, dwelis; and worste-axis shock silver ion ! { °° r::q‘"“ map covering totol range o
— - —| detector, and | pe on
M, suparater (a)  Proof and leohage potable water (¢} Degradotion vs time at nominal conditions
Hy rerovel performance vs H, concentration, delonizer (d) Subsystem test combining gencrator,

terperature

{¢) Selected environmental, including vibratlon-
slne scans, dewlls; and worst-axls shock

(¢} Design burst

[RE—

detector, and delonizer

< Betore and after packaging
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TABLE 6-3
B PRIME DEVELOPMENT PACKAGES
LRU No. Description
ﬁ? z 1-D Two-gas control assembly
}; 1-M 0, storage tank assembly
jfi 1-AA PO, sensor
| 2-A (Ref) Fan
Condenser
2-G Transducer power supply
3-A Expendable evaporant heat sink
3~-1-2 (Ref) water pump
L-E Silver ion generator
L-G Potable water deionizer
4-H Hydrogen separator
L-N Silver ion detector .
7-E=2 (Ref) Freon pump
7-L Ammonia tank assembly -
7-N Ammonia boiler package ra »
ol

-
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where possible, tests will be conducted in the developient phase of the
program to demonstrate the validity of the maintenance approaches incorpurated
in the design of the cquipment packages and to verity caspliance to the requive-
ments of the NR specification, These tests will be designed to:

, (a) Verify the mechanical design of the equiprent
(b) Verify accessibility
(¢) Determine adequacy of tools
(d) Determine the skill levels required for LRU removal
(e) Verify the time estimated for specific maintenance tasks
(f) Verify servicing procedures for equipment requiring periodic
replacement, recharging, flushing, or decontamination

¢ 6.3 CERTIFICATION REQUIREMENTS

The certification program is divided into three sequential phases bhased

primarily upon the assembly level of the hardware. Briefly, thesc are:

Phase |: Component or Component-Oriented Tests=--These include

component acceptance and qualification tests, such as EMI and
explosive atmosphere, which are more conveniently conducted
on a component basis before package assembly.,

- ‘ Phase !l: Package Tests--These include package acceptance and

all qualification environmental, dynamic, cycle fatigue, and

operational tests.

v

Phase |Il: Package/Component Disassembly and lInspection, and

Component Burst--Maintainability demonstrations also will be

included in this phase.
%= The certification program comprises the following test categories:

(a) Design/performance evaluation
’ (b) Qualification

.T ' (¢) Maintainability demonstration

AIRESEARCH MANUFACTURING COMPANY
Los hagees Co 'nap 73"9097
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6.3.,1 Phase | Certitication

The des ign/per formance cvaluations involve both compunent and pacbage

testing, The Phase | certification scope Compriset:

(@) Al components will be subjected to acceplance tescing,  Theoe
tests are identical to those which will be used tor the produce-
tion hardware.

(b) Perforumar-e raps will be generated on selected components and
only on one unit of that design. These tests may be conducted
at the package or corponent level, whichever is the rore prac-
tical. Performance maps will be generated for all fans, punmps,
and heat exchangers.

(c) EMI testing of all electrical components will be conducted,
including fans, pumps, electrical valves, transducers, controllers,
and heaters.

(d) All electrical components also will be subjected to explosive
atmosphere testing.

The last two tests will be an integral part of the qualification program.

6.3.2 Phase 11 Certification

Phase |l certification will be conducted at the package level as mentioned
previously. All LRU's will be subjected to the following series of tests as
applicable. The scope of the Phase 1| testing comprises:

(a) Acceptance Testing--All LRU's including more than one conponent.

(b) Operational Modes--These tests cover the entire range of‘bteudy-

state conditions anticipated for the LRU. LRU's subjected to
this type of testing include (1) the cabin atmosphere revitalization

LRU's, (2) all fans and pumps packages, (3) all tank packages ,

ane A:HESEARCH MANUFACTURING COMPANY
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environment. |f required, fault simulation for corrective maintenance tasks
will be performed by introduction of faulty parts, deliberate misalignment,
etc., into the system.
6.4 SPECIAL TEST EQUIPMENT

The special test equipment (government-owned STE) necessary to accomplish
the test program is generally available from previous programs. Although most
STE can be used in its present condition, a few items will require minor modi-
fications to handle the higher performance requirements of the shuttle. Also,
some existing STE will have to be relocated into cleanroom facilities.

Additional STE will have to be designed, procured, fabricated, and

assembled to meet particular test requirements of the shuttle ETC/LSS equipment.

These new STE items are listed below.

Freon-21 test stands (heat exchangers)

002 absorber test loop

Water separator test loop

Evaporator test stand

Silver ion ge.erator and detector test stand

Various vibration, acceleration, and shock test fixtures

Miscellaneous torque adaptors and other minor equipment

Narrow band random vibration controller

MRESEARCH MANUFACT??:?&Q?Z?:?: 73-9097
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7. ETC/LSS INSTRUMENTAT I ON

7.1 INSTRUMENTATION REQUI REMENTS
The ETC/LSS requirements for instrumentation are established by the
following functional and operational subsystem requirements:
(a) Control of the various subsystem elements
(b) Redundancy management to provide system health parameters for the
management of redundant loops or equipment in flight
(¢) Checkout of the subsystem with expedient FD/F! to the LRU level for
ground checkout and preventative maintenance
These requirements establish the bisic criteria upon which the minimum instru-
mentation list was developed. An implied requirement is that sufficient infor-
mation redundancy must exist in the basic design to preclude probiems that would
compromise crew or vehicle safety in the event of instrumentation failure.
7.2 INSTRUMENTATION SELECTION CRITERIA
In addition to the above, the following selection criteria were used to
identify instrumentation for the ETC/LSS
(a) Selection of instrumentation for ETC/LSS functions only
(b) Simplicity of redundancy management action
(c) Instrumertation or information redundancy
Inst rumentation selection is based on man-in-the-loop philosophy in that the
crew can perform redundancy management of the ETC/LSS using information pro-

vided by the system instrumentation. These topics are discussed in the follow-

ing paragraphs.
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7.2.1 lInstrumentation for ETC/LSS Functions Only

A major selection criterion for the instrumentation was to provide an
instrument which would be sutficient and coul:l comnletely provide for the safe
operation of the ETC/LSS in normal and degraded operation. In selecting ETC/LSS
instrumentation, the requirements for monitoring interfacing space shuttle sub-
systems or mission and vehicle level parameters were not considered. The
resulting instrumentation list (discussed in para. 7.3) represents the minimum
required for the ETC/LSS only.

7.2.2 Redundancy Management

information interpretation simplicity was the dominant factor in selecting
instrumentation redundancy management (i.e.. to provide sufficient instrumenta-
tion onboard so that corrective action for equipment failure could always be
simple, such as a switching function to activate a redundant element and isolate
a failed element). Too little instrumentation results in more complexity, time
consuming deductive logic, and ambiguous indication in determining corrective
action.

Another factor of major importance is the level of instrumentation or
information redundancy available. Prime consideration was given to the quality
(resolution) and quantity (redundancy) of the available instrumentation backup.

7.2.3 Instrumentatior Redundancy

Instrumentation redundancy permits continued safe operation of the ETC/LSS
and allows simple redundancy management logic to be maintained after first fault
indication resulting from instrumentation fatlure.

The level of redundancy is established considering the criticality of a
single loss. |In some cases redundancy is In the form of a second instrument;

in other cases backup instrumentation is used to provide similar information
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to the crew. Generally, backup instrumentation will require interpretation
and is recommended only if parameter interpretation is simple.

Certain assumptions used in the analysis of instrumentation redundancy
are summarized as follows. First, it was assumed that instrumentation failure
generally will result in a warning of equipment malfunction from the computer
automatic readout. Such a warning will initiate a redundancy management action
by the crew. Completion of the redundancy management action will identify
either (1) a functional component failure if the parameter indicating the
failure returns to normal, or (2) an instrument failure; if it is in the
sensor, the parameter remains unchanged after switchover to a redundant func-
tional LRU.

Second, it was postulated that the instrument has not failed and that an
out-of-range transducer signal corresponds to failure of the functional compo-
nent. As a result, redundancy management action will have to be taken in such
situations. In actuality (except for control instruments) failure of an instru-
ment does not degrade the capability of the component or LRU monitored by this
instrument. Generally, failure of an instrument will be identified as such,
and normal operation could be continued.

Finally, control instrumentation failure results in loss of that particular
subsystem function so that the preceeding R/M action would restore the function
by use of a redundant element, but the subsystem function is lost. in some
cases a manual bypass mode of operation is provided to restore the control func-
tion by using man-in-the-loop to provide the function.

7.3 MINIMUM INSTRUMENTATION LIST

Minimum instrumentation required for the ETC/LSS is listed in Table 7-1,
which is presented at the end of this section., The instruments are classified
in terms of function; these are subsystem control, management of redundancy,

and ground checkout and maintenance.
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s
To be completely inclusive, Table 7-1 also defines test port provisions
L for instrumentation, special instrumentation, and position switches that pro-
; vide information for operation and control of the subsystem.
} A brief description of the data presented under each column heading of
;'; Table 7-1 follows:
; (a) Item Number ldentification--For each ETC/LSS instrument.
% (b) Quantity--For each subsystem.
?a (c) Parameter Range--Measurement range for a particular instrument.
: (d) Functional Application--Primary and other uses such as control, etc.
§ of a particular instrument. The symbol X indicates the principal
1‘  application and the symbol (X) indicates an alternate or secondary
§ use of the instrument.
% (e) Information Redundancy--Level of information redundancy provided, or
;{ available, for a particular instrumentation function.
? (f) Remarks Column--Information pertinent to a particular transducer
% relative to its primary function, redundancy level, and operation
' - in the ETC/LSS.
% An analysis was conducted to determine the effect of instrumentation
b

failure, and the capability of the crew to interpret backup instruments (pri-

marily included for other purposes) was evaluated. The results of these
studies are summarized in Table 7-1.

Examination of the data presented in the remarks column reveals that only

Popry o g,
-

in a few cases is instrumentation redundancy necessary. In general, adequate
information is available to the crew from the backup instruments to permit

redundancy management even after instrumentation failure.
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In some cases, instrumentation failure will require some action by the
crew to determine if the instrument or the component/assembly monitored is
defective. In all cases, however, diagnosis is fairly direct and simple.

The symbol Y indicates the level of information redundancy for each specific
instrument function.

Each ETC/LSS subsystem presents some pecul iar or unique requirements in
terms of instrumentation. The unique requi rements or characteristics basic to
the development of the minimum instrumentation list are summarized below.

7.3.1 Atmosphere Control Subsystem

Because of the numerous functions of the atmosphere control subsystem and
the large amount of redundancy incorporated, many transducers are necessary for
subsystem redundancy management and ground checkout. Due to the nature of the
subsystem, most of the transducer: aie usca for pressure moni toring.

Only two instruments in the ACS have been identified where redundancy is
required: two sensors are recommended for cabin total pressure and two for 02

and N. manifold pressure. These will provide easier fault detection by the

2
crew than would otherwise be possible by information derived from other sensors
providing indirect and complex fault detection capabilities.

7.3.2 Atmosphere Revitalization Subsys tem

The minimum instrumentation list shows that the instruments required for
redundancy management also will fulfill the ground checkout requirements; no
additional sensors are required specifically for ground checkout. The water
coolant accumulator quantity will be monitored by use of AP switches that
correspond in a limited extent to redundant pump inlet pressure transducers.
For ease of maintenance, all temperature transducers will be sut face type

units.

AIRESEARCH MANUFACTURING COMPANY -
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The only instruments added to the subsystem as a result of redundancy
analyses are AP transducers to monitor fan performance. The rationale for the
addition of these redundant transducers is as follows. |f a fan AP transducer
fails, the information could be interpreted as either fan or transducer failure,
Switching over to the redundant fan will identify whether the transducer or the
fan has failed. Assuming that the transducer is the faulty component, then no
means of detecting fan failure remains. Such a situation is highly undesirable.
Monitoring of avionics cooling air temperature as a backup means will not pro-
vide flow information; upon flew interruption, the air temperature sensor will
remain at the same temperature. Temperature variations at the sensor will only
be by radiation and conduction; thus, this parameter is inadequate. Similarly,
monitoring cooling water temperature is undesirable because two (inlet and out-
let) temperatures are necessary in each loop.

Differential pressure transducers are used to monitor coolant pumps in
both loops. The coolant pump inlet pressure sensor will provide an indirect
indication of pump operation for backup. This information, together with water
temperature at the interchanger outlet, can be used to monitor loop overall
performance.

The temperature transducers at the outlet of the loop heat sink (inter-
changer and two evaporators) are used for redundancy management. Furthermore,
they constitute backup sensors. In normal operation, the upstream evaporator
should be the primary unit, with the redundant evaporator downstream.

7.3.3 Water Management Subsystem

Five instruments are identified in Table 7-1 for redundancy management;
these instruments also are required for ground checkout. In addition, five test

ports are provided for use during ground checkout operations. Sufficient
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instrumentation backup is available from the N2 pressurant subsystem pressure
o s transducers to provide the necessary FO-FS information for control and safe
operation of the subsystem.

7.3.4 Freon-21 Heat Rejection Subsystem

- 2 A review of Table 7-1 shows a total of 21 parameters are used in the
Freon-21 subsystem. Two are used for control, four solely for ground checkout,
and the remainder for redundancy management in flight; a number of these also

2 are used for ground checkout.

e A e
i

? 7.4  SUMMARY

The minimum instrumentation listed in Table 7-1 is summarized below by

type and application.

7.4.1 Transducer Type Summary

'f!f*“ﬂvwfﬂgﬁgTVT?

e

Table 7-2 presents a quantitative summary of the various types of trans-

ducers used in the ETC/LSS. Ninety-five transducers are used. The predominant

transducers are for pressure and temperature information. In addition, five test

oo sy G ST

ports are used for ground checkout. The atmosphere control subsystem uses

e

most of the pressure measuring instrumentation, and the Freon and water cooling

SN Eibw >

loops use most of the temperature measuring equipment.

Differential pressure for transducers are used to monitor fans and pumps.

EEse, ol Ty

Quantity transducers are used for accumulators and water tank content measure-

B

ment. Special transducers are principally the cabin PO2 and PCO2 and the WMS

siiver ion detector.

7.4.2 Instrumentation Application Summary

Table 7-3 presents a summary of the application of the ninety-five ETC/LSS

transducers. The predominant application for ETC/LSS instrumentation is for e
redundancy management. Sixty-nine instruments are needed to provide FO-FS or -
[~ .
@ AIRESEARCH Mmumnioa:nwgm: 73-9097
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equivalent FO-FS indication for redundancy management. Sixty-three instruments
M are needed for ground checkout; however, 47 of these are included primarily

for redundancy management or control, and as such only 16 are needed for check-

out only.
. |
TABLE 7-3
'::ﬂ ETC/LSS INSTRUMENTATION
o APPLICATION SUMMARY
Application
Redundancy
Subsystem Control Management Checkout
Atmosphere 3 25 11 + (23) *
control '
Atmosphere 6 23 1+ (13)
revitalization
Water - 5 (2) 4
management ,
Freon-21 2 15 b+ (9) ?
cooling loop y
i
Total 1 69 16 + (47) )

( ) indicates alternate use of either & control or a
redundancy management transducer for checkout

Complete subsystem control is achieved with 10 instruments. All are used

to provide information or feedback information to electronic control units for

. ® automatic control functions within the ETC/LSS.
In summary, the tasks of redundancy management and maintainability (check-

out) poses the highest requirements for subsystem instrumentation.

-
-~
s 4
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Since a man-in-the-loop philosophy was utilized, the instrumentation
selection represents ;he minimum to perform the functions of control, redundancy
management, and checkout. A more automated approach would require more instru-
mentation,

7.5 SENSOR SELECTION

A common power supply and signal conditioning is recommended for all
ETC/LSS sensors with the exception of special instruments such as the flow
sensors and the PCO2 transducers. This approach offers many advantages,
including;

(a) Lower average power per transducer (40 mwv vs 400 mw)

(b) Lower weight

(¢) Simpler sensors

(d) System compatibility with vehicle common power supply

(e) Ease of providing power supply redundancy
The sensors were selected after detailed examination of the problems encountered
ir Apollo. The major factors considered in the selection were reliability,
maintainability, weight, and cost.

Surface-type temperature sensors are recommended for all ETC/LSS monitoring
functions primarily because of the significant advantages offered in terms of
replacement. This type of sensor can be removed without affecting the integrity
of the liquid loops. In a few cases where the sensors are used for control,
thermistors are selected on the basis of availability and development status:

interfacing problems with existing controllers have been resolved. These

thermistors are well-type units to preserve the integrity of the liquid loops.

md AIRESEARCH MANUMC?URI':? CO?:‘&N: 7 3-9097
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All pressure sensors in the range of 0 to 2 psi and above are strain-gage
type units. These transducers were selected because of the following features,

(a) Capable of high overpressure

(b) High accuracy

(c) Low-temperature sensitivity

(d) Low sensitivity to shock and vibration

(e) Continuous resolution.

For lower pressure ranges (0 to 10 in. HZO)’ a linear variable differential
transformer (LVDT) type unit is recommended.

The flow sensor recommended is an improved version of the type used in
Apollo. This unit has been developed for industrial applications, and a flight
version is currently being designed and developed under NASA contract.

Special instrumentation such as the P02 and PCO2 sensors have been quali-
fied under previous space programs. Although this equipment is life limited,
its reliability has been demonstrated, and performance is adequate for space
shuttle applications. .

The silver ion detector used to monitor potable water silver content is
currently under development under NASA sponsorship. Feasibility has been

demonstrated and a prototype is currently in the design stage.
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8. GSE REQUIREMENTS

8.1 GENERAL CONSIDERATIONS
Previous discussions of ETC/LSS maintainability have identified the

requirements for ground support equipment. This report section summar izes these

- requirements and also presents a functional description of all items of GSE

-
1

+

Bl

recommended to support operation of the space shuttle ETC/LSS.
Most of the GSE requirements are dictated by ETC/LSS routine-maintenance
operations such as ground checkout and postflight and preflight servicing.

In addition, GSE will be necessary to support corrective maintenance

activities such as (1) handling and transportion fixtures for large and small

LRU's and components, and (2) special tools necessary for checkout and cor-

rective maintenance. This type of GSE was not considered as part of the present
study, although hoisting requirements are identified in Section 5. The packaging

studies conducted and reported in Section 4 indicate that very few special

tools will be required to perform corrective maintenance. ‘2'.
Specific items of support equipment related to maintenance personnel safety "

A
(such as breathing apparatus, masks, and protective clothing for handling of %

NH3, and to a lesser extent Freon-21) is recognized. This type of equipment

« L e

is not included in this discussion. Specific equipment and procedures exist

-
alkh.

within the Government inventory of equipment and handbooks procured under

previous programs.

|
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8.2 GSE REQUIREMENTS

Table 8-1 summarizes the major items of GSE identified in Section 5. M
roview of Table 8-1 shows that 1h pieces of cquipment are required to perfore
ETC/LSS maintenance described in Section 5. Those items of G5t identiticd by

an asterisk indicate a second usc for equipment already used by another sub

subsystem,
TABLE 8-1

- GSE REQUi REMENTS

Major Functional
ETC/LSS Maintenance GSE Recowmended
Subsystem Requirement and Comments

25 -‘*‘"‘i.’;r"*i:-- e T
o
-

”%ﬁﬂ i ¥ Atmosphere (1) Maintenance and test (1) N, test set
e 3 L control Ny loops
% N (2) Maintenance and test (2) 0, test sct
. '; 02 loops
G (3) MSintenance and test (3) Vacuum test set
o of component in hard '
K vacuum
P
E% t % Atmosphere {1) Maintenance and test (&) Cab’n temperatur: controller
i revitalization cabin temperature test set
¢ subsystem
b (2) Postflight condenscr (~) Use water decontaminition
= ;} servicing flushing and cart (9); and Np test
. 4 drying set {1) fo: urying
= f% (3) Water coolant servicing {(5) Coolant service and checkout
T wl f and test cart
¥ ; (4) Flash evaporator con- |(6) Controller test set for F-21
¥ trol, valves mainten~ bypass valves
if a ance and checkout (7) Evaporator ledhage test clos-
! o ure; use Ng tesc set (1]
| Water (1) Maintenance and test (=) U.e Np test set (1); GN2 used
4 . management for ground checkout and ground !
W+ s (potable maintenance
. water) (2) Potable water servicing (8) Potable H20 service cart .
4 (3) Subsystem (9) Decontamination and flushing b
' decontamination cart
) (4) Subsystem drying and (-) use N test set (1)
) ’ purge for storage
ﬁé’ L Freon cooling | {1) F-21 service, main- {10) F-21 service and checkout .
X loup tenance, and test cart, also use vacuum test N
set (3) ]
(2) F-21 bypass valve (11)F-21 portable leakage detector
B maintenance and test
B (3) NHq servicing (12)F=21 bypass controller test
E set
. (4) NH; maintenance and (13)NH3 service cart
E chéckout (14)NH3 recovery and vapour dis- e
- posal unit
(=) Ny test sct (1 tor c/o, main-
tenance, leakaye, purge, and

drying
(-) Water decontamination cart
(9) for flush
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3,3 FUNCTIONAL DESCRIPTION

A functional description of each item of aencric GUE recowended i

- nresented in Table 8-2, The following information is auniarized in the
table,
(a) Generic GSE description
(b) FPurpo-e of the GSE

’ (¢) Qualitative summary of functional and performance required

TABLE 8-2

.
‘
GSE FUNCTIONAL SUMMARY
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