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FOREWORD

This document contains the results of the reliability and safety
analysis effort performed during the Phase III Nuclear Shuttle
System Definition Study. Reliability and safety considerations
for both the Class 1 Hybrid and Class 3 Reusable Nuclear Shuttle
(RNS) concepts are treated here. This work was accomplished
for the National Aeronautics and Space Administration, George C.
Marshall Space Flight Center, Huntsville, Alabama, under
Contract NAS8-24714. The final report was generated to fulfill
the requirements of DRL No. MSFC-DRL-196, Line Item 3, and
it covers the period from 1 May 1970 to 1 May 1971.

The study efforts described in this volume were performed under
the direction of R. G. Riedesel and C. B. Boehmer, with respon-
sibility for specific activities as follows:

R. S. Cowls—Mission Analysis

R. V. Hauver—Performance Analysis

R. Luna—System Reliability Analysis






PREFACE

The material contained in this document represents a portion of the final
report documentation for the Phase III Nuclear Shuttle System Definition
Study. The study effort was performed as a 12-month extension to the
existing Nuclear Flight System Definition Study Contract (NAS8-24714), with
the objective of establishing Phase A conceptual definition for two classes of
reusable nuclear shuttle concepts. The first concept class is characterized
as a 33-ft-diameter configuration that is launched integrally to orbit by a
Saturn V INT-21 vehicle. The second concept class is characterized as a
modular configuration which is assembled in earth orbit from modules
carried to orbit in a space shuttle.

The final report documentation has been organized to provide separable
information for the two concepts, where appropriate, and to combine report
material common to both concepts in singular documents. The total docu-
mentation for the study is listed below, with this document identified in the
left margin.

o) Volume I: Executive Summary
Volume II: Concept and Feasibility Analysis
Part A—Class 1 Hybrid RNS
o Book 1—System Analysis and Operations
0 Book 2—System Definition
Part B—Class 3 RNS
o Book 1-System Analysis and Operations
o Book 2—System Definition
Volume III: Program Support Requirements
o Part A—Class 1 Hybrid RNS
o Part B—Class 3 RNS
0 Part C~Test Program Analyses and SRT Requirements
Volume IV: Cost Data
o} Part A—Class 1 Hybrid RNS
o Part B—Class 3 RNS
o Volume V: Schedules, Milestones, and Networks

® Volume VI Reliability and Safety Analysis

o Volume VII: RNS Project Requirements
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Section 1

INTRODUCTION

This volume contains the results of the realibility and safety analyses, which
were performed for the Phase III Study as an integrated effort using the
philosophy that the key to safety is reliability. The premise here is that if

a properly designed system performs in the manner it was intended, it will

not create a safety problem.

The reliability analysis investigated every failure mode of every component
of major subsystems, except structures, on the RNS system to determine
the effect of a failure. The items that could cause loss of the RNS were
identified as flight critical items and were quantified in a single failure
analysis. These items were then ranked in order of decreasing criticalities,

and a reliability prediction of the RNS was made.

The safety analysis extended this reliability analysis by an investigation of
the flight critical items and definition of a series of recommendations for
elimination of the flight critical status, or reduction in its probability of
occurrence. Multiple failures were investigated in a top-down fault tree
analysis. An abort analysis was performed to determine the operational
problems caused by failures during the mission. The abort analysis and the
failures were then combined to produce a contingency plan, i.e., a plan of

action to follow if a failure occurs.

The safety effort during this phase of the study was concentrated on the
elimination or reduction of specific failures and thus the reduction of the
overall probability of failure (and creation of safety problems) to a minimum.
It is felt that this should be the primary concern at this time. The reliability
and safety analyses and subsequent recommendations and inputs must be

available at an early date in sufficient time to affect the design effort. The



specific results of safety incidents (e, g., radiobiological effects of impact of
radioactive portions of NERVA) can be determined at a later date to formu-

late the environment statements,

The results of the reliability analysis, including the failure mode effects
analysis (FMEA) and criticality analysis, are contained in Section 2, The
contingency planning work sheets (CPWS), fault trees, abort analysis, and
contingency plan comprising the total safety analysis effort are contained in

Section 3,



Section 2

RELIABILITY ANALYSIS

A preliminary reliability analysis was performed on the initial RNS design
(primarily the results from Phase II) and specific recommendations were
made to improve the design reliability and safety. The designs which resulted
from these recommendations and from newly incorporated Phase III design
modifications were then subjected to a formal reliability analysis consisting
of the failure mode and effects analysis (Section 2.3) and a criticality

analysis (Section 2.4). The failure mode effects analysis (FMEA) is a
qualitative analysis which is used to delineate flight critical items (FCI)

which could cause loss of the RNS. The criticality analysis quantifies and
ranks the FCI to produce the probability of stage loss as a function of the

applicable failure modes of the flight critical items.

These data were then utilized in the safety analysis (Section 3). A contingency
planning worksheet (CPWS) (Section 3. 1) was prepared for each flight critical
item to further analyze the results of failure, the causes of failures, the
possible corrective actions, and the emergency detection requirements. The
current reliability analysis is therefore a single failure analysis. A fault
tree analysis (FTA) (Section 3. 2) was also initiated to study the effects of
multiple failures. A contingency plan (Section 3.4) was then developed
utilizing the data from the FMEA, CPWS, and an abort analysis (Section 3. 3)
to delineate the operational requirements placed on the RNS by the safety

constraints.

2.1 SUMMARY OF RESULTS

Reliability analyses for the Class | Hybrid RNS and the Class 3 RNS were
performed during the study period. The analyses are identical in many
areas and thus both are presented together. The reliability allocations and

predictions shown in this section are based on the active portions of a single



lunar shuttle mission, i.e., from startup in earth orbit (Phase F) to the
completion of cooldown in lunar orbit (Phase M) and the startup in lunar

orbit (Phase O) to the completion of cooldown in earth orbit (Phase V). The
times in earth and lunar orbit are considered separately. The FMEA's
presented in Section 2.3 are applicable to both concepts with the following
exceptions: 15.06-04, Pre-Pressurization Quad Valve; 15.06-08, Ground
Pressurization Valve; 15, 06-10, Ground Pressurization Disconnect; 15.09-07,
Ground Fill and Drain Valve; and 15.09-08, Ground Fill and Drain Disconnect
are only applicable to the Class 1 Hybrid RNS and Item 15.05-05 Blocking
Valve is only applicable to the Class 3 RNS.

The reliability allocations for the two concepts are given in Tables 2-1 and
2-2. The reliability predictions are given in two forms—with and without

the inclusion of the external leakage failure mode. The leakage failure mode,
while significant in terms of historical failure rate data, is more conducive
to elimination or reduction by design techniques. The dominant leakage
failure mode in the RNS designs (external leakage) can be reduced or elimi-
nated by providing multiple static seals and/or welded connections. The
reliability predictions without considering the external leakage are given in
Tables 2-3 and 2-4 and are reported in the reliability diagrams in Section 2. 5.
The effect of external leakage, utilizing historical failure rate data and
current designs (Saturn and Skylab), is shown in Tables 2-5 and 2-6. In

all cases, a single mission reliability of 0. 995 was used for NERVA. For
other systems as noted, the allocations were used as the reliability predic-

tions in this analysis.

The detail reliability predictions and criticalities (the definitions of these
terms are given in Section 2.2) are presented in Sections 2.4 and 2. 5) along
with a ranking of the flight critical items. The flight critical item list is
presented for the Class 1 Hybrid concept. The equivalent list for the Class 3
RNS would have several changes—Items 15.06-04, 15.06-08, and 15.09-07
would be eliminated and Item 15. 05-05 would be added as Item Number 11
with a criticality of 815 units. The criticalities shown in Section 2.5

represent an RNS with one propellant module, one propulsion module, and



Table 2-1

RELIABILITY ALLOCATION—CLASS 1 HYBRID RNS

System Propellant Propulsion
System Totals C&C Module Module Module

.0 Structure 0.9987 0.9998 0. 9992 0. 9997

.0 Meteoroid Protection 0. 9975 0.9999 0.9978 0. 9998

.0 Main Propulsion 0.9893 - 0.9970 0.9923
5.01 NERVA 0. 9950 - - 0. 9950
5.05 Propellant Feed 0. 9981 - 0. 9988 0.9993
5.06 Pressurization 0.9979 - 0. 9988 0. 9991
5.09 Fill 0. 9991 - 0.9998 0. 9992
5.10 Ground Vent 0. 9998 - 0§§9é -
5.11 Flight Vent 0. 9994 - 0.9997 0. 9997

.0 Auxiliary Propulsion 0. 9970 0.9971 - 0.9999

.0 Astrionics 0.9927 0. 9934 0.9997 0.9996
7.01 GQGuid, Nav, and Control 0. 9990 0. 9992 0.9999 0. 9999
7.04 Electrical Power 0. 9967 0. 9967 - -
7.05 Electrical Networks 0. 9985 0. 9990 0.9998 0. 9997
7. 09 Data Management 0.9985 0. 9985 - -

.0 Safety 0.9998 0. 9999 0. 99995 0.99995
Totals 0.9750 0.9901 0. 99365 0.99125




Table 2-2

RELIABILITY ALLOCATION—~CILASS 3 RNS
System Propellant Propulsion
System Totals C&C Module Module Module
(1-8-1)
2.0 Structure 0.9987 0. 99996 0.99986 . 99986
3,0 Meteoroid Protection 0. 9975 0. 9999 0.999725 . 9998
5.0 Main Propulsion 0.9848 - - 0.99891 . 99352
5,01 NERVA 0. 9950 - - 0. 9950
5,05 Propellant Feed 0.99598 - 0.99956 0. 9995
5.06 Pressurization 0. 9955 - 0. 9995 0. 9995
5.09 Fill 0.9993 - 0. 99996 -0, 99962
5. 10 Ground Vent 0.99992 - 0.99999 -
5. 11 Flight Vent 0.9991 - 0.9999 0. 9999
6.0 Auxiliary Propulsion 0.9982 0.9983 - . 9999
7.0 Astrionics 0.9960 0. 9967 0.99993 . 99986
7.01 Guid, Nav, and Control 0.9992 0.9994 0.99998 0. 99996
7.04 Electrical Power 0.9985 0. 9985 - -
7.05 Electrical Networks 0.9993 0. 9998 0.99995 0. 9999
7.09 Data Management 0.9990 0.9990 - -
8.0 Safety 0.9998 0.9999 0.99999 . 99998
Totals 1-1-1 - 0. 99476 0.998415 0. 99292
1-8-1 0.9750 0.99476 0, 98732 0. 99292




Table 2-3
RELIABILITY PREDICTION-—CILASS 1 RNS (WITHOUT LEAKAGE)

System System Totals C&C Module | Propellant Module| Propulsion Module
2.0 Structure® 0.9987 0.9998 0.9992 0.9997
3.0 Meteoroid Protection 0.9974 0.999999 0.9975 0.9999
5.0 Main Propulsion 0.9936 - 0. 9999 0.9937
5.01 NERVAS* 0. 9950 . 9950
5.05 Propellant Feed 0.999998 0.999998 NSF
5,06 Pressurization NS Fask NSF NSE
5.09 Fill 0.99871 0.999994 . 99872
5.10 Ground Vent 0.99998 0.99998 --
5.11 Flight Vent NSF NSF NSFEF
6.0 Auxiliary Propulsion 0.9721 0.9722 -- 0.9999
7.0 Astrionics 0.9955 0.9962 . 9997 0.9996
7.01 Guid, Nav, and Control 0. 9990 0.9992 0.9999 9999
7.04 Electrical Power 0. 9995 0. 9995 -- --
7.05 Electrical Networks* 0. 9985 0. 9990 0.9998 9997
7.09 Data Management¥ 0.9985 0. 9985 -- --
8.0 Safety* 0.9998 0.9999 . 99995 0.99995
Totals 0.9576 0.9682 . 9963 0.9927

*The allocations were used as predictions for these systems
**No gingle failure



Table 2-4
RELIABILITY PREDICTION—~CLASS 3 RNS (WITHOUT LEAKAGE)

System Systerm Totals C&C Module Propellant Module| Propulsion Module
(1-8-1)
2.0 Structure 0. 9987 0.99996 0.99986 0.99986
3.0 Meteoroid Protection 0.9950 0.999999 0.99939 0.9999
5.0 Main Propulsion 0.9895 - 0.9992 0.9937
5.01 NERVA®* 0. 9950 - 0.9950
5.05 Propellant 0.99587 . 99918 NSF
5.06 Pressurization NSF NSF NSF
5.09 Fill 0.99872 NSF 0.99872
5. 10 Ground Vent 0.99998 . 99998 -
5.11 Flight Vent NSE#* NSF NSF
6.0 Auxiliary Propulsion 0.9721 0.9722 - 0.9999
7.0 Astrionics 0.9970 0.9977 0.99993 0.99986
7.01 Guid, Nav, and Control 0.9992 0.9994 . 99998 0.99996
7.04 Electrical Power 0.9995 0.9995 - -
7.05 Electrical Networks* 0.9993 0.9998 . 99995 0.9999
7.09 Data Management* 0. 9990 0.9990 - -
8.0 Safety* 0.9998 0.9999 0.99999 0.99998
Totals 1-1-1 - 0.9698 0.99837 0.9932
1-8-1 0.9527 0.9698 - 0.9932

*The allocations were used as predictions for these systems
**No single failure




Table 2-5
RELIABILITY PREDICTION—CLASS 1 HYBRID RNS (WITH LEAKAGE)

System System Totals C&C Module | Propellant Module! Propulsion Module
2.0 Structurex 0.9987 0.9998 0. 9992 0.9997
3.0 Meteoroid Protection 00,9974 0.999999 0.9975 0.9999
5.0 Main Propulsion 0.9854 - 0. 9952 0.9902
5.01 NERVA=* 0. 9950 - 0. 9950
5.05 Propellant Feed 0.99893 0. 99988 0.99905
5.06 Pressurization 0. 99583 0, 99728 0. 99855
5.09 Fill 0.99759 0.99914 0. 99845
5. 10 Ground Vent 0.99971 0.99971 -
5.11 Flight Vent 0. 99834 0.99917 0.99917
6.0 Auxiliary Propulsion 0.9479 0. 9480 - 0.9999
7.0 Astrionics 0. 9955 0.9962 0. 9997 0.9996
7.01 Guid, Nav, and Control 0. 9990 0. 9992 0.9999 0.9999
7. 04 Electrical Power 0. 9995 0.9995 - -
7. 05 Electrical Networks* 0. 9985 0. 9990 0.9998 0.9997
7.09 Data Management* 0.9985 0.9985 - -
8.0 Safety* 0.9998 0.9999 0.99995 0.99995
Totals 0.9260 0.9441 0.9916 0.9893

*The allocations were used as predictions for these systems
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Table 2-6

RELIABILITY PREDICTION—~CLASS 3 RNS (WITH LEAKAGE)

System System Totals C&C Module Propellant Module | Propulsion Module
(1-8-1)
2.0 Structure* 0.9987 0.99996 0.99986 0. 99986
3.0 Meteoroid Protection 0.9950 0.999999 0.99939 0. 9999
5.0 Main Propulsion 0.9758 - 0.9959 0.9902
5,01 NERVA* 0. 9950 - 0. 9950
5.05 Propellant Feed 0.99290 0.99907 0.99905
5,06 Pressurization 0. 99470 0.99856 0. 99855
5.09 Fill 0. 99682 0. 99939 0. 99845
5.10 Ground Vent 0.99920 0.99971 -
5.11 Flight Vent 0.99696 0.99917 0.99917
6.0 Auxiliary Propulsion 0.9479 0. 9480 - 0. 9999
7.0 Astrionics 0.9970 0.9977 0.99993 0.99986
7.01 Guid, Nav, and Control 0.9992 0.9994 0. 99998 0.99996
7. 04 Electrical Power 0. 9995 0. 9995 - -
7.05 Electrical Networks* 0.9993 0.9998 0. 99995 0.9999
7.09 Data Management 0.9990 0.9990 - -
8.0 Safety* 0.9998 0. 9999 0.99999 0. 99998
Totals 1-1-1 - 0. 9456 0.99507 0.9897
-~ 8- 0.9160 0.9456 - 0. 9897

*The allocations were used as predictions for these systems




one command and control module. Therefore, the criticalities shown are
for the Class 1 Hybrid or the Class 3 Propulsion Module, Command and
Control Module and one Propellant Module. The Class 3 RNS contains eight
propellant modules and they are operative for different lengths of time and
during different operational phases. These factors have been considered in
applying the criticalities shown in Section 2.5 in calculating the reliability

predictions in Tables 2-4 and 2-6.

The results indicate that the reliability goal of 0. 975 for a single lunar

shuttle mission is possible. If the external leakage problem is solved, the
reliability predictions based on Saturn V failure rate data are 0.958 and 0. 953
for the Class 1 Hybrid and the Class 3 RNS, respectively. An improvement
of approximately 50 percent (a reduction of failure rate by a factor of two)
can be expected for 1975 state of the art. This would give reliability predic-
tions of 0. 979 and 0, 977 for the two concepts.

2.2 APPROACH

2.2.1 Ground Rules and Assumptions

The ground rules and assumptions used in these analyses are presented below.
The methodology used in this analysis and summarized in Section 2.2.2 is

in accordance with the requirements set forth in NASA MSFC Drawing

No. 10M30111, Revision A, Procedure for Performing Systems Design
Analysis.

The factors used in calculating the criticality of an item are based on similar

Saturn S-IVB Stage and Skylab item values and engineering judgment.

This report gives an estimate on the probability of the RNS satisfactorily
performing its function for a given time under a given environment. The
reliability prediction analysis considers only the mission portion of the
operation cycle—the period of time from the beginning of the translunar
injection burn (Phase F') in earth orbit to the completion of the cooldown
in lunar orbit injection burn (Phase M) and the time from the beginning of

the first lunar burn (Phase O) to the completion of the cooldown of the

11



earth orbit injéction burn (Phase V). The times in earth orbit (Phase W)
and lunar orbit (Phase N) are considered and discussed in the failure mode

effects analysis.

Bo
[y

. 2 Methodology

2.2.2.1 Failure Mode Effects Analysis

The FMEA is a systematic study of the effects of an independent single item
failure on subsystem, system, and RNS performance with the primary
purpose of identifying potential problem areas. The general method used in
preparing the FMEA is to select a block from the applicable reliability
diagram and establish it as an "'item' to be analyzed in detail. The four
basic modes of failures considered during determination and evaluation of
the effects of a given failure are:

A. Premature operation of an item.

B. Failure of an item to operate at prescribed time.
C. TFailure of an item during operation.
D

Failure of an item to cease operation at a prescribed time.

Fach block is evaluated for the failure modes that are applicable. Descrip-
tions of failure types such as '"Leakage at connections, ' ""Output when not
required, " or '"No output when required, ' may be used to cover the failure

effect analysis of several failure modes.

Format

The FMEA is presented in a format arranged in columns and headings so the
effect of a given failure can be studied by reading from left to right. For
each item the applicable failure is indicated and the effect of this failure on

the subsystem, RNS, and mission are identified.

Mission time periods are identified in the '"Phase'' column with capital letters

¥, G, H, I, J, K, etc. The first, or lefthand, letter indicates the phase in

12



which the failure occurs; the second letter indicates the phase in which the
effect of the failure is being evaluated. For example, the letters "F' and

"G" (FG) indicate consideration of the failure as having occurred in Phase "I"
and the evaluation of the effect on the RNS and mission during Phase "G.'" If

only one letter is used, it signifies the phase in which the failure occurs.

Evaluation of Effects

The entry which appears in the column concerning effects of the given failure
conveys (1) a loss statement, and (2) the supporting words. The loss state-
ment reflects the evaluation of the failure effect, and the supporting words
provide the rationale for the statement. The effects of each single failure

are classified into one of four groups as shown in the following table:

Effect of Single Item Failure Probability of Loss (f)
Actual Loss p = 100%
Probable Loss 10%< p < 100%
Possible l.oss 0%< B < 10%
None B = 0%

The word '"None' as used above does not mean there is no effect. It means

the probability of loss from the failure has been evaluated to be zero.

Calculating Procedure

Figure 2-1 illustrates the G-323 computer program calculating procedure
for RNS loss probability of an item with respect to a designated failure
mode over a number of mission phases. The procedure accounts for earlier
phase failures contributing to RNS loss probability during the earlier phase
and also to the RNS loss probability for later phases.

This accounting is accomplished through double subscripted B factors, Bi:
The "i' identified the phase when the failure is considered to have occurred,

and the ''j" identified the phase when the RNS loss is being considered.

13
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The K.tioz)\ product approximates the failure probability of an item in a
i
designated failure mode during the '"ith' phase. This relationship is based

on the exponential distribution and the approximation: probability of no

failure = e-Kitia)\ﬁ’ 1- Kit.loz)\ which applies when the failure probability
Kitia)\ is small, A proportion of this failure probability equal to ﬁii contri-
butes directly to RNS loss probability during the "ith' phase when failure
occurs and a remaining proportion (l-ﬁii) is carried over to the next phase.
If RNS loss does not occur in the next phase as a result of the "ith' phase
failure, a proportion of the yet remaining failure probability equal to (imﬁii)
(1—6.1, - 1) is carried over to the next succeeding phase. This process con-
tinues in a step wise manner to the last mission phase, The formula for RNS
loss probability associated with phase ¥, G, H, I, J, etc., developed for a

single failure mode, can be written for any general phase P as follows:

P P-1
U =3 B. 1-Pf..)) Kt.ex| + Kt ai
P - initial P jgl ( g b "pp"p'p
mission
phase

To obtain total RNS loss probability for an item during a phase, a summation
over all failure modes is performed. This RNS loss probability for the item

is then given as follows:

RNS Loss prObablhtY(Item considered) - Ell i ssion ;T‘L:ailure Up
Phases Modes

Ranking

Ranking provides a convenient comparison of all FCI as to their respective
contribution toward RNS loss. In this comparison it is more important to
treat the criticality number as an index of relative importance rather than
an actual quantitative value, With the identity and relative importance of
the items in the foreground, the criticality ranking can be used as an aid in
determining where to concentrate efforts toward reduction of RNS loss

probability.
Because ranking is based on a single-failure effect analysis it should not be

used as the sole guide for design improvement efforts, There may be parts

designed into the RNS with redundancy and these parts, because of embryonic

15



design or newness of the state-of-the-art, have a probability of multiple
failures as high as the probability of single failure of an F'CI. These redun-

dant parts do not appear on the single-failure FCI list.

2.2.3 Glossary of Terms and Symbols

Definition of terms and symbols used in the FMEA are listed below.

Conditional Probability of RNS Loss (B)—The conditional probability of RNS

loss given that a failure in the designated failure mode has occurred.

Criticality—That portion of unreliability, associated with failure of a flight

critical item, leading to RNS loss.

Criticality Number—The RNS loss rate resulting from the failure suscepti-

bility of an item expressed as the number of RNS losses per million missions.

Criticality Ranking—The ranking of items in decreasing order of the item

criticality number,

Environmental Adjustment Factor (k)—A factor by which a given generic

failure rate is multiplied to obtain a resulting rate which reflects the mis-

sion phase environment,

Failure—A cessation of ability to perform a specified function or functions
within previously established limits on the area of interest. This requires
that measurable limits be established to define satisfactory performance of

the function,

Failure Mode—One of four classes or groups into which the failure of items

may be divided for analytical purposes, These four failure modes are:
(1) premature operation of an item, (2) failure of an item to operate at
prescribed times, (3) failure of an item during operation, and (4) failure

of an item to cease operation at a prescribed time,

Failure Mode Frequency Factor (a)—The expected proportion of the total

failures of an item chargeable to the designated failure mode,

16



Failure Probability—Probability that an item will not operate as required

for a specified mission time and mission operating environment; the inherent

item unreliability for the mission intended,

Failure Type—A general class or group into which the failures of some items

mavy be divided for analytical purposes.

Flight Critical Item (FCI)—A flight critical item describes the functional

element for which the portion of unreliability associated with loss of the RNS
during the mission can be traced to either:
1, The failure of a single identifiable piece of hardware, such as
a relay or valve,
2. The failure in the functioning of a group of components and

parts, such as subsystem wiring or piping,

Generic Failure Rate (A\)-Number of failures chargeable to the inherent

unreliability per unit-time, cycles, or trials, under laboratory conditions

(unstressed-room ambient),
Redundancy—The existence of more than one means of accomplishing a given

task, where all of these means must fail before there is an overall failure

of the system,

Reliability—The probability of an item performing its function for the time

required under the environment specified (see also RNS Reliability).

RNS Reliability—Probability that RNS loss will not occur,

2.3 FAILURE MODE EFFECTS ANALYSIS

This section contains the individual FMEA work sheets, The systems
analyzed are shown in Figures 2-2, 2-3 and 2-4, Figure 2-2 is the Class 1
Hybrid propulsion system, Figure 2-3 is the Class 3 propulsion system and
Figure 2-4 is the auxiliary propulsion system which is common to both con-

cepts. These system schematics reflect the current design definition.
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These systems and the astrionics system are described in Volume II, Parts
A and B. All of the FMEA are applicable to both concepts except items:
15.06. 04 Prepressurization Valve (Quad)
15.06.08 Ground Pressurization Valve
15.06. 10 Ground Pressurization Disconnect
15.09,07 Ground Fill and Drain Valve
15.09.08 Ground Fill and Drain Disconnect

The numbering system used in this analysis and the test requirements task
follows the numbering system set up for the weight reporting in the Guidelines
and Constraints Document, except an additional number was added—the first
digit refers to the module which contains the component, The number 1 was
used for the propellant module, 2 is used for propulsion module components,
and the prefix 3 is used for the command and control module. Thus, com-
ponent 15,05, 04 is on the propellant module (1), is part of the propulsion
system (5), is part of the pressurization subsystem (05), and is the fourth

component analyzed (04),

This numbering system applies to both concepts and is graphically illustrated
in the reliability diagrams in Section 2, 5 along with the reliability allocation
and prediction for each subsystem, system, module and the complete RNS,
The FMEA sheets are placed in the numerical order of the components

analyzed.
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| MISSION: LUNAR SHUTTLE 1“5,:%%%2312%%’;%?'“"“'5 MODE L e CIRCULARIZE AT TARGET ALTITUDE Q e APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
| CLass: 1-HYBRID H o INSERTION INTO ELLIPTICAL LUNAR ORaiT M  PULSED AFTERCOOLING R PULSED AFTERCOOLING V. PULSED AFTERCOOLING
;ﬂyosquélrf gggg&%ﬂmm | PULSED AETERCOOLING N LUNAR ORSIT OPERATIONS S o TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS |
: B - FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON ANS MISSION OR SPACECRAFT
15.06-0k
QUAD VALVES (1 set),{ CONTROL FLOW OF GHp 1. TFAILURE TO OPEN NONE NONE NONE
PREPRESS, GHp TO FROPELLANT MODULE 2, FAILURE TO REMAIN THE QUAD VALVE SET
FROM NERVA ENGINE OPEN CONTAINS TWO SUBSETS
VIA PROPULSION MODULE 3. FAILURE TO CLOSE OF VALVES IN SERTES AND
PRESS DUCTING (25.06-04) L. FAILURE TO REMAIN | PARALIEL TO EACH OTHER
DURING PREFRESSURIZATION CLOSED . .
OF PROPELLANT MODULE. '
5. LEAXAGE POSSIBLE LOSS F |F| POSSIBLE LOSS POSSIBLE LOSS
ABILITY TO CONTROL ULLAGE G |G| THRUST CAPABILITY MAY BE
PRESSURE MAY BE LOST, [H |H| LOST. INABILITY TO PERFORM
RESULTING IN INABILITY TO I |I ]| ADEQUATE PULSED AFTERCOOLING
TRANSFER PROPELLANT TO J |J | DURING COAST PHASES
PROPULSION MODULE. LOSS K] COULD RESULT IN ENGINE
OF SUFFICIENT IHp COULD L |L} DESTRUCTION.
CAUSE INABILITY TO PERFORM MM
ENGINE COOLDOWN. (o]
P .
a /
R
s
T
U
\
W | POSSIBLE I0SS POSSTBLE LOSS
INABILITY TO MAINTAIN RNS MAY NOT BE
LH, IN PROPELLANT AVATLABLE FOR
MODULE MISSION




FORM 830-375

RELIABILITY FAILURE EFFECT ANALYSIS

|| MAISSION: LUNAR SHUTTLE

| [LASS: 1~HYBRID
MODULE: PROPELLANT
SYSTEM: PRESSURIZATION

ITEM FUNCTION

& TRAMNSLUNAR INJECTION
PULSED AFTERCOOLING

#AIDCOURSE CORRECTION-IDLE MODE

TRANSLUNAR COAST

INSERTION INTCQ ELLIPTICAL LURAR ORBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

J & APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L. & CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCGOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOCLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

PHASE FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

15.06-06
DISCONNECT,
PRESSURIZATION
CONTROL, GHp

CONNECT PROPELLANT
(15.06) AND PROPULSION
(25.06) MODULE
PRESSURIZATION SYSTEMS,
PROPELIANT MODULE

HALF OF DISCONNECT

AT ERD OF 15.06-05
DUCTING.

1.

LEAKAGE

POSSIBLE LOSS

ABILITY TO CONTROL

ULLAGE PRESSURE MAY BE IOST,
RESULTING IN INABILITY TO
TRANSFER PROPELIANT TO PROPULSION
MODULE .

POSSIBLE LOSS
THRUST CAPABILITY
MAY BE LOST

2 cdueootigm
= OO m

NONE

DISCONNECT LEAKAGE
HAS NC EFFECT DURING
EARTH ORBIT OPERATIONS

POSSIBIE 1LOSS




Ie

FORM 830-375

INSERTION INTO ELLIPTICAL LUNAR ORBIT T PULSED AFTERCOOLING

F o TRANSLUNAR INJECTION J @ APOLUNE PLANE CHANGE o
ECT ANALYSIS _
RELIABILITY FAILURE EFF G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING A R BARECTION-IDLE MODE
MISSION: LUNAR SHUTTLE e ION~IDLE MODE L o CIRCULARIZE AT TARGET ALTITUDE Q o APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
CLASS: . ;l(g;RID T H o INSERTION INTO ELLIPTICAL LUNAR ORaIT ¥  PULSED AFTERCOOLING R PULSED AFTERCOOLING vV PULSED AFTERCOOLING
gi\?squéhﬁ Pi%ESSURmIZATION | PULSED AFTERCOOLING LUNAR ORBIT OPERATIONS S e TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS
' : FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANGE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

15.06-07

PRESSURE SENSE ULLAGE PRESSURE 1. OUTPUT WHEK NONE NONE NONE

SWITCHES (1 set), IN PROPELLANT MODULE NOT REQUIRED REDUNDANCY IS PROVIDED

LHp FLOW AID SEND COMMAND

CONTROL STGNALS THAT ENERGIZE 2. Mo OurPuT

WHEN REQUIRED

GHp CONTROQL
VALVES (-02,-03)
DURING POWER PHASES.




ée

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
1~HYBRID
PROPELLANT
PRESSURIZATION

CLASS:
MODULE:
SYSTEM:

ITEM

FUNCTION

F e TRANSLUNAR INJECTION
G PULSED AFTERCOOLING

MIDCOURSE CORRECTION—DLE MODE

TRANSLUNAR COAST

4 e APQLUNE PLANE CHANGRE

K PULSED AFTERCOOLING

L e CIRCULARIZE AT TARGET ALTITUDE
B PULSED AETERCOOLING

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

K LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTO ELLIPTICAL LUNAR OREIT
PULSED AFTERCOULING

APGLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
HIDCOURSE CORRECTION-IDLE BODBE
TRAMSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
FAISSION OR SPACECRAFT

15.06-08
GROUND FILL
VALVE, GHp

( PRESSURIZATION)

PROVIDE SHUTOFF
VALVE BETWEEN RNS
PROPELLANT MODULE
ULLAGE AND GROUND
FILL DISCONNECT.
VALVE IS ENERGIZED
ONLY DURING GH,

GROUND FILL OFERATIONS.

FAILURE TO OPEN.
FAILURE TO
REMAIN OPEN
FATLURE TO CLOSE

FATLURE TO
REMAIN CLOSED

LEAKAGE

ACTUAL 0SS

TRANSFER OF GHp TO

RNS PRESS SYSTEM CANNOT
TAXE PLACE (OR BE COMPLETED)
DURING GROUND LOADING
OPERATIONS.

NONE
REDUNDANCY IS PROVIDED
BY THE ~09 CHECK DISCONNECT.

POSSIBLE LOSS
ABILITY TO CONTROL ULLAGE
PRESSURE MAY BE LOST,
RESULTING IN INABILITY
TO TRANSFER PROPELLANT
T0O PROPULSION MODULE.
LOSS OF SUFFICIENT

COULD CAUSE
INABILITY TO PERFORM
ENGINZ CCGCIDOWN

<CHNTOWORHRUHITQS

=

NONE

FATLURE MODES DO HOT
APPLY DURING FLIGHT
PHASES.

NONE
FATLURE MODE DOES KOT APPLY.

POSSIBLE LOSS
CAVITATION OF NERVA
PUMP IN POWER PHASES
COULD LEAD TO RNS
STRUCTURAL DAMAGE.
INADEQUATE PULSED
AFTERCOOLING DURING
COAST PHASES COULD LEAD
TO ENGINE DESTRUCTION.

EH <dgHNHOUWORMHERGHIaN

POSSIBLE 10SS
PROPELLANT REFILL
OPERATIONS COULD NOT
BE COMPLETED.

POSSIBLE LOSS

POSSIBLE LOSS
RNS MAY NOT BE
AVATLABLE FOR
MISSION.
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FORM 830-376

F o TRANSLUNAR INJECTION J e APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING

MIDCOURSE COR -
G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING TRANSEARTH co‘;‘;‘%ﬂo“ IDLE MODE

MIDCOURSE CORRECTION—IDLE MODE
MISSION: LUNAR SHUTTLE TRANSLUNAR COAST L e CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE

- . EARTH ORBIT CAPTURE
: PULSED AFTERCOOLIN

CLASS: 1-HYBRTD INSERTION INTO ELLIPTICAL LUNAR oRBiT M PULSED AFTERCOOLING PULSED AFTERCOOLING
MODULE: PROPELLANT

A PULSED AFTERCOOLING LUNAR ORBIT OPERATIONS TRANSEARTH INJECTION ORBIT RESUPPLY AND C/O OPERATIONS
SYSTEM:  PRESSURIZATION FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

RELIABILITY FAILURE EFFECT ANALYSIS

15.06-10
GROUND FILL CONNECT GH, GROUND NONE

CHECK DISCONNECT, SUPPLY TO RNS [DISCONNECT IS IN SERIES
GHp PROPELIANT MODULE WITH -O7 GROUND FILI. VALVE
PRESSURIZATION SYSTEM

(PRESSURIZATION)




RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUMAR SHUTTLE
CLASS: 1-HYRRID
| MODULE: PROPELLANT
| | SYSTEM: PROPELIANT FILL, IH,

F

ol

& TRANSLUNAR INJECTION

PULSED AFTERCDOLING

BIDCOURSE CORRECTION~IDLE MODE
TRANSLURAR COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

4 8 APOLUNE PLANE CHANGE

2 & m R

PULSED AFTERCOOLING
CIRCULARIZE AT TARGET ALTITUDE
PULSED AFTERCOOLING

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON

®w m e T O

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLARE CHANGE

FULSED AFTERCOULING

TRANSEARTH INJECTION

PULSED AFTERCOOLING
MIOCOURSE CORRECTION-IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING

ORBIT RESUFPLY AND C/O OPERATIONS |
FAILURE EFFECT ON

ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON ANS JISSION OR SPACECRAET
[ 15.09-01
| | DISCONNECT, PROVIDE CONNECTION 1. LEAKAGE POSSIBLE LOSS W | POSSIBLE LOSS POSSIBLE LOSS

TRANSFER 70 EXOGENOUS SOURCE EARTH ORBIT REFILL THABILITY TO COMPLETE

| MODULE, IN-ORBIT TO REPLENISH IH,
PROPELLANT MODULE

SUPPLY .

OPERATION MAY NOT BE
POSSIBLE,

FAILURE

HODE HAS NO EFFECT
IN OTHER MISSION PHASES.

PROPELIANT MODULE
REFILL OPERATION.

RNS MAY NOT BE
AVATLABLE FOR
MISSION.




ORM 830- _

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

F o TRANSLUNAR INJECTION 4 @ APOLUNE PLANE CHANGE
G PULSED AFTERCOOLING K PULSED AFTERCOOLING
MIDCOURSE CORRECTION~IDLE MODE
MISSION: LUNAR SHUTTLE TRANSLUNAR COAST L @ CIRCULARIZE AT TARGET ALTITUDE
PULSED AFTERCOOLING

CLASS: 1-HYBRID M
INSERTION INTO ELLIPTICAL LUNAR ORBIT
MODULE: ~ PROPELLANT N LUNAR ORBIT OPERATIONS

|| SysTem:  PROPELLANT FILL, L, PULSED AFTERCOOLING

RELIABILITY FAILURE EFFECT ANALYSIS

EARTH ORBIT CAPTURE
PULSED AFTEARCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS

113

ITEM

FUNCTION

FAILURE TYPE/MODE

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

FAILURE EFFECT ON RNS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

15.09-02
DUCTING,
IHp FILL, IN-ORBIT

PROVIDE PATH FOR
REPLENISHMENT
FROM -0l DISCONNECT
TO PROPELLANT MODULE

1. LEAKAGE

POSSIBLE LOSS

EARTH ORBIT REFILL
OPERATION MAY NOT

BE POSSIBLE, FATLURE
MCODE WILL HAVE NO
EFFECT IN OTHER MISSION
PHASES.

POSSIBLE LOSS
INABILITY TO COMPLETE
PROPELLANT MODULE
REFILL OPERATION

POSSIBLE LOSS
RNS MAY NOT

BE AVAILABLE FOR
MISSION.




FORM 830-375

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
CLASS:
MODULE:

| SYSTEM:

1-HYBRID
PROPELLANT
PROPELLANT FILL, IH,

ITEM FUNCTION

F e TRANSLUNAR INJECTION

G

PULSED AFTERCOOLING
MIDCOURSE CORRECTION~IDLE MODE
TRANSLUNAR COASY

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

3

K
i
]

@ APOLUNE PLANE CHANGE
PULSED AFTERCOOLING

e CIRCULARIZE AT TARGET ALTITUDE
PULSED AFTERCOOLING
LUNAR ORBIT (FERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

IHSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRARSEARTH INJECTION

PHASE FAILURE EFFECT OM RNS

PULSED AFTEACOOLIRG

HIDCOURSE CORRECTION-IDLE MODE
TRAMEBEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIY RESUPPLY AND C/O (FERATION

FAILURE EFFECT ON
BAISSION OR SPACECRAFT

SENSE 1H,, FLOW
RATE DURING
PROPELIANT RESUPPLY

ACTUAL LOSS

RESUPPLY OF PROPELIANT
MODULE WOULD NOT BE
POSSIBLE

ACTUAL LOSS

1.0SS OF PROPELIANT
MODULE RESUPPLY
CAPABILITY

ACTUAL 1088
RNS NOT AVAILABLE
FOR MISSIOR.




FORM 830378

F o TAANSLUNAR INJECTION

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

J o APOLUNE PLANE CHANGE Qe T
AELABILITY FAILIRE FEPECT AUALYSNS G puLSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING U COUASE CORRECTION-IDLE HODE
HISSION: LUNAR SHUTTLE m‘;%%‘zﬁiig%%’fs?'o"‘m“ MODE L o CIRCULARIZE AT TARGET ALTITUDE Q & APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
CLASS: 1-HYBRID H e INSERTION INTO ELLIPTICAL LUNAR ORBIT M PULSED AFTERCOOLING R PULSED AFTERCOOLING v PULSED AFTERCOOLING
|| WDDULE:  PROPELLANT | PULSED AFTERCOOLING LUNAR ORBIT OPERATIONS S o TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS
SYSTEM:  PROPELIANT FILL, IX, FAILURE EFFECT ON FAILURE EFFECT ON
‘ ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
15.09-0h
| QUAD VALVES (1 set), ] FILL TRANSFER VALVES 1, FAILURE TO OFEN NONE NONE NONE
IHELPROM BETWEEN PROPELLANT 2. FAILURE TO CLOSE THE QUAD VALVE SET REDUNDANCY IS
| FI MODULE AND CONTAINS TWO SUBSETS FPROVIDED
IN-ORBIT SUP OF VALVES IN SERIES
SOURCE [AND PARAILEL TO EACH
OTHER.
3. LEAKAGE POSSIBLE LOSS F |G| POSSIBLE LOSS POSSIBLE I0OSS
JABILITY TO CONTROL ULLAGE G |H| LOSS OF THRUST DURING
PRESSURE MAY BE IOST, H |I| POWER PHASES. INADEQUATE
[RESULTING IN INABILITY I |J| PULSED AFTERCOOLING
[TO TRANSFER PROPELLANT J |K] COULD RESULT IN ENGINE
(T0 PROPULSTION MODULE. X |L | DESTRUCTION DURING
LOSS OF SUFFICIENT IHp L |M}] COAST PERICDS.
ICOULD CAUSE INABILITY TO M |0
[PERFORM ENGINE COOLDCWN. o |P
P iq
Q |R
R |S
S |T
T |U
U v
V iV
W |W | POSSIBIE ILOSS POSSIBLE 10OSS

INABILITY TO COMPLETE
IH, RESUPPLY

RNS MAY NOT BE
AVATLABLE FOR
MISSION.




FORM G33.376

RELIARILITY FAILURE EFFECT ARALYSIS

G
MISSION: LUNAR SHUTTLE
| CLASS: 1~HYBRID
U MODULE: PROPELLANT
SYSTEM: TPROPELLANT FILL, TH,

ITEM FUNCTION

F e TRANSLUNAR INJECTION

PULSED AFTERCOOLING
IDCOURSE CORRECTION~IDLE MODE
TAANSLUNAR COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

! & APOLUNE PLANE CHANGE
K PFULSED AFTERCOOUING
L & CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING
N LUNAR ORBIT OPERATIONS
FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

AFOLURE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

PHASE FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

HIDCOURSE CORRECTION~IDLE BODE
TRANSEARTH COASY

EARTH ORBIT CAFTURE

FULSED AFTERCOULING

ORBIT RESUPPLY AND C/O OPERATIONS |

FAILURE EFFECT ON
MISSION OR SPACECRAFY

15.09-05
CHECK VALVE,
LH2 s RESUPPLY

PROVIDE UNDIRECTIONAL
FLOW DURING PROPELIANT
RESUPPLY

1. TFAILURE TO OPEN

2. TFAILURE TO CLOSE
3. LEAKAGE

ACTUAL 10OSS

RESUPPLY OF PROPELLANT
MODULE WOULD KNOT BE
POSSIBLE

NONE - CHECK VALVE IS IN
SERIES WITH -Ok QUAD
VALVE SET

W | ACTUAL LOSS

L0SS OF PROPELIANT
MODULE RESUPPLY
CAPABILITY

NONE - REDUNDANCY
IS PROVIDED

ACTUAL 10SS
RNS NOT AVAILABLE |
FOR MISSION

KONE




E38378

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE

CLASS:  1-HYBRTD
MODULE: PROPELLANT
| SYSTEM:

PROPELLANT FILL, IH,

F o TRAANSLUNAR INJECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION-10LE MODE
TRANSLUNAR COAST
INSERTION INTO ELLIPFTICAL LUNAR ORBIT
PULSED AFTERCOOLING

J e APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING

L e CIRCULARIZE AT TARGET ALTITUDE

M PULSED AFTERCOOLING
N LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON

“ 3O °O

o INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

@ APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

e TRANSEARTH INJECTION

E<cC

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS
FAILURE EFFECT ON

ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
15.09-06
- SPRAY HOZZIE, TRANSFORM IH, INTO 1. CLOGGED ACTUAL T.0SS W | WJACTUAL 10SS ACTUAL LOSS
. LHQ FILL FINE MIST S Y ABILITY TO RESUPPLY TNABILITY TO PERFORM RNS NOT AVAITABLE
- DURING PROPELLANT PROPELLANT MODULE 1H, RESUPPLY FPOR MISSION

MODULE RESUPPLY
IN EARTH ORBIT
(MISSTON PHASE W)

MAY BE LOST

2




FORM B30.378

J & APOLUNE PLARE CHANGE

INSERTION INTO ELLIPTICAL LUNAR ORBIT

F o TRANSLUNAR INJECTION o e T PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AETERCOOLING IDCOURSE CORMECTION—IDLE MO
BISSION: LUNAR SHUTTLE ?&ii%‘diiig%%ﬁ?m”“mm MODE L & CIRCULARIZE AT TARGET ALTITUDE O ¢ APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
CLASS: 1-HYBRID H e INSERTION INTG ELLIFTICAL LUNAR opglT ' TUMSED AFTERCOOLING ? PU&S‘EETFTE‘Q?GSUNG‘ V. PULSED AFTERCOOLING
| f0DULE:  PROPELLANT | PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS § o TRANSEARTH INJECTION W  ORBIT RESUPPLY AND C/O OPERATIONS B2
SYSTEM: ~ PROPELLANT FILL, IH, FAILURE EFFECT ON FAILURE EFFECT ON
TEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
15.09-07
| CROUND FILL VALVE, FROVIDE SHUTOFF VALVE 1. FATLURE TO OPEN ACTUAT T.OSS NONE NONE
LH, o PROPELLANT 2. FATLURE TO PROPELTANT MODULE GROUND FATLURES DO NOT
‘éggmm *S‘%“;PLY SOURCE REMATN OPEN FILL OPERATION CANNOT APPIY DURING FLIGHT
3. FAILURE TO CLOSE BE PERFORMED PHASES AS MODULE IS
SERVICED VIA -03 FILL
VALVE IN EARTH ORBIT
4, FAILURE TO PROBABLE LOSS ¥ | G| PROBABLE LOSS PROBABLE ILOSS
REMATN CLOSED ABILITY TO CONTROIL ULLAGE G |H| LOSS OF THRUST DURING
PRESSURE MAY BE LOST, H { I} POWER PHASES.
RESULTING IN INABILITY TO I{J
TRANSFER PROPELIANT TO J { K| INADEQUATE PULSED
PROPULSION MODULE. ZI0SS OF K | L | AFTERCOOLING COULD RESULT
SUFFICIENT COULD CAUSE L {M| IN ENGINE DESTRUCTION
INABILITY TO FORM ENGINE M |0 | DURING COAST PHASES.
COOLDOWN. LH2 RESUPPLY IN FARTH 0 |P
ORBIT MAY NOT BE COMPLETED P {qQ
Q IR
RIS
S |t
T {U
U {v
v |V

=
=

=
=

PROBABLE 1088
TNABILITY TO COMPIETE
IH, RESUPPLY

PROBABLE 1058
RNS MAY NOT BE
AVATIABLE FOR MISSION




FORM 830-375

PULSED AFTERCOOLING
MIDCOURASE CORRECTION—IDLE #ODE
TRANSEARTH COAST

{NSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

F & TRANSLUNAR INJECTION J @ APOLUNE PLANE CHANGE
G PULSED AFTERCOOLING K PULSED AFTERCQOLING
) MIDCOURSE CORRECTION-IDLE MODE
TRANSLUNAR COAST L e CIRCULARIZE AT TARGET ALTITUDE
PULSED AFTERCOOLING

-HYBRID INSERTION INTO ELLIPTICAL LUNAR ORBIT ™
N LUNAR ORBIT OPERATIONS
FAILURE EFFECT ON

PULSED AFTERCOOLING
SUBSYSTEM PERFORMANCE PHASE

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
CLASS:
MODULE; PROPELLANT

SYSTEM: TPROPELLANT FILL, LH2

ITEM FUNCTION

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS
FAILURE EFFECT ON
MISSION OR SPACECRAFT

FAILURE TYPE/MODE FAILURE EFFECT ON RNS

| 15.09-07

GROUND FILL VALVE, 5. LEAKAGE POSSIBLE IOSS
SAME EFFECT AS "FAILURE

TO REMAIN CLOSED" MODE.

POSSIBLE LOSS

LOSS OF THRUST DURING
POWER PHASES. INADEQUATE
PULSED AFTERCOOLING DURING
COAST PHASES COULD RESULT
IN ENGINE DESTRUCTION.

POSSIBLE 10SS

1H,
( cBNTTIUED )

A4

= <GEHRHOoOYOoORHMRHIDQ A

E <4< OdHNWO YO RHRYHEQ

POSSIBLE 1.0SS
INABILITY TO COMPLETE

POSSIBLE LOSS
RNS MAY NOT BE

AVATLABLE FOR MISSION.

LH2 RESUPPLY




| CLASS:
| MODULE:

RELIABILITY FAILURE EFFECT ANALYSIS Fe

MISSION: LUNARSHUTTLE

1~HYBRID
PROPELLANT
PROPELTANT FILL, LHQ

ITEM

SYSTEM:
FUNCTION

TRANSLUNAR INJECTION

PULSED AFTERCOOLING
HMIDCOURSE CORRECTION-IDLE MODE
TRANSLUNAR COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIT ®

PULSED AFTERCOOLING

FAILURE TYPE/MODE

4 ® APOLUNE PLANE CHANGE

PULSED AFTERCOOLING
CIRCULARIZE AT TARGET ALTITUDE
PULSED AFTERCOOLING

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

o IRSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING
APOLUNE PLANE CHAKGE
PULSED AFTERCOOLING

TRANSEARTH INJECTIONR

FAILURE EFFECT O RNS

PULSED AFTEARCOOLING
MIGCOURSE CORRECTION-IDLE MODE
THRANSEARTH COAST

EARTH ORBIT CAPTURE
FULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O GPERATIONS |

FAILURE EFFECT ON
MISSION OR SPACECRAFT

15,09-08
DISCONNECT , PROVIDE CONNECTION TO
GROUND FILL, IH, GROUND SUPPLY

LH2 DU§ING MODULE

GROUND LOADING OPERATTIONS.

1. LEAKAGE

POSSIBLE 10SS
DELAY IN MODULE GROUND
FILL OPERATIONS

NONE
THE DISCONNECT IS IN SERIES
TO THE -06 GROUND FILL VALVE

NONE




134

FORM 830-375

F o TRANSLUNAR INJECTION J @ APOLUNE PLANE CHANGE # INSERTION INTO ELLIPTICAL LUNAR ORBIT T PULSED AFTEACOOLING

RELIABILITY FAILURE EFFECT ANALYSIS

o
G PULSED AFTERCOOLING K PULSED AFTERCOOLING. P PULSED AFTERCOOLING .’r‘,',‘:%%gi:iﬁ%m?m’”"'me MODE
MISSI0N: LUNAR SHUTTLE :‘,";&%%‘L’Giig%%ﬁ"'m"m“ MODE L @ CIRCULARIZE AT TARGET ALTITUDE Q ® APOLUNE PLANE CHANGE [ U o EARTH ORBIT CAPTURE
CLASS: ;gi’gigm H o INSERTION INTO ELLIPTICAL LUNAR oRary ¥ PULSED AFTERCOOLING R FULSED AFTERCOOLING Vv PULSED AFTERCOOLING
;lyosg_!él';‘r: VENT AND RELTEF, GH, ) PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS § © TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS
' FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

15,10~01

DUCTING, PROVIDE GH, FLOW PATH 1. LEAKAGE POSSIBLE LOSS IF |G | POSSIBLE LOSS POSSTBLE LOSS
VENT & RELIEF, DURTNG PROPELLANT ABILITY TO CONTROL ULLAGE c |H | TOSS OF THRUST DURING
|| oH, MODULE VENT AND PRESSURE MAY BE LOST, [H |T | POWER PHASES. INADEQUATE
RELIEF OPERATIONS RESULTING IN INABILITY TO T |J | PULSED AFTERCOOLING
TRANSFER PROPELIANT TO J |K | COULD RESULT IN ENGINE
PROPULSION MODULE. LOSS OF K |1 | DESTRUCTION.
SUFFICIENT IH, COULD CAUSE I {M
TNABTLITY TO PERFORM ENGINE M O
COOIDOWN, EXCESSIVE LEAKAGE o |p
COULD PRECLUDE COMPLETION OF 128 1o}
IN-ORBIT LH, RESUPPLY. k]
R |S
S T
T U
U v
v v
b7 | | POSSIBLE 10SS POSSIBLE LOSS.
INABILITY TO COMPLETE RNS MAY NOT BE
1H, RESUPPLY IN AVAILABLE FOR
EARTH ORBIT (MISSION MISSION

PHASE W).




FORM BID-378

F o TRANSLUNAR INJECTION J e APOLUNE PLANE CHANGE O o INSERTION INTO ELLIPTICAL LUNAR ORBIT T  PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS & PULSED AFTERCOOLING K PULSED AFTERCOGLING ; PULSED AFTERCOOLING ?‘ﬁ%%:iggrg%giigﬂcuqms MODE
MISSION: LUNAR SHUTTLE ?A‘ii%‘igiigorgﬁ?m“”*me MODE L o CIACULARIZE AT TARGET ALTITUDE Q & APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
.| CLASS: 1-HYBRID H s INSERTION INTO ELLIPTICAL LUNAR oRgiT ©  "ULSED AFTERCOOLING ) P_UL_SE?TAT_E_’T?C,’?UNG_‘ vV PULSED AFTERCOOLING
|| MODULE:  PROPELLANT | PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS S o TRANSEARTH iNJECTION W ORBIT RESUPPLY AND C/O OPERATIONS
SYSTEM:  VENT AND RELIEF, LH, FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS IISSION OR SPACECRAFT
15,10-02
= VAIVE, PROVIDE OPEN PATH 1. FAILURE TO OPEN ACTUAL 10SS NONE NONE
VENT & RELIEF, TO VENT PROPELLANT 2. FAILURE TO PROPELLANT MODULE GROUND FATLURE MODES DO NOT APPLY
GH2 MODULE DURING REMAIN OPEN FILL OPERATION COULD NOT DURING FLIGHT PHASES
GROUND FILIL OPERATION. 3. FAILURE TO CLOSE BE PERFORMED.
4, FATLURE TO ACTUAL 1088 F| P} ACTUAL LOSS ACTUAL LOSS
REMATN CLOSED DEPLETION OF ULLAGE PRESSURE G| G| LOSS OF THRUST DURING RNS NOT AVAILARLE
COULD RESULT IN INABILITY TO H| Hl POWER PHASES. INADEQUATE FOR MISSION
TRANSFER PROPELIANT TO 1] I} PULSED AFTERCOOLING COULD
PROPULSION MODULE. SUFFICIENT J | JI RESULT IN ENGINE
LOSS OF COULD RESULT IN K | Kf DESTRUCTION.
INABILITY TO PERFORM ENGINE Ll
COOLDOWN. OPEN VALVE COUILD MM
PRECLUDE COMPLETION OF IN-ORBIT (ol 4]
LH2 RESUPPLY OPERATION. P{P
Qle
RIR
S]8
TIT
Uju
viv
W | W] ACTUAL LOSS ACTUAL 10SS
TRABILITY TO COMPLETE RNS NOT AVAITABLE
FOR MISSION

LH2 RESUPPLY




sy

FORM 830-5

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE

CLASS: 1-HYBRID

MODULE: PROPELIANT

SYSTEM: VENT AND RELIEF, LA,

F & TRANSLUNAR INJECTION

§ o APOLUNE PLANE CHANGE
PULSED AFTERCOOLING K PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE L o CIRCULARIZE AT TARGET ALTITUDE

TRANSLUNAR COAST
INSERTION INTO ELLIPTICAL LUNAR ORBIT M PULSED AFTERCOOLING
N LUNAR ORBIT OPERATIONS

PULSED AFTERCOOLING
FAILURE EFFECT ON

W 3 O v O

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

T < C

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE

TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS
FAILURE EFFECT ON

ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE FAILURE EFFECT ON ANS MISSION OR SPACECRAFT
15.10-02
VALVE, 5. LEAKAGE POSSIBLE LOSS POSSIBLE LOSS POSSIBLE LOSS
VENT & RELIEF, SAME EFFECT AS "FAILURE LOSS OF THRUST DURING RNS MAY NOT BE
CGH,, TO REMAIN CLOSED" MODE. POWER PHASES. INADEQUATE AVATIABLE FOR
(CONTINUED) PULSED AFTERCOOLING COUID MISSTION.

<OCHNIYO WO R R Y Hima
<O NWOHO RNy QA

=
=

RESULT IN ENGINE DESTRUCTION

POSSIBIE 10SS
INABILITY TO COMPLETE

LH2 RESUPPLY

POSSIBIE LOSS
RNS MAY NOT BE
AVAILABLE FOR

MISSTON




| SYSTEM:

RELIABILITY FAILURE EFFECT ANALYSIS

BAISSION: LUNAR SHUTTLE

CLASS: 1-HYBRID

MODULE:  PROPELLANT

VENT AND RELIEF, LH,

ITEM FUNCTION

£ o TRANSLUNAR INJECTION

G

§ @ APOLUNE PLANE CHANGE
PULSED AFTERCOOLING K PULSED AFTERCOOLING
MIDCOURSE CORRECTION-{DLE MODE L e CIRCULARIZE AT TARGET ALTITUDE

TRANSLUNAR COAST
PULSED AFTERU ING
INSERTION INTO ELLIPTICAL LUNAR ORBIT ha Y FTERCOOLIN
LUNAR ORBIT OPERATIONS

PULSED AFTERCOOLING
FAILURE EFFECT ON

FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE CORRECTIOR~IDLE RODE
THRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS |

FAILURE EFFECT ON
MISSION OR SPACECRAFT

15,10-03
VAIVE, RELIEF,

Gy

PROVIDE REDUNDANCY
WITH -02 VALVE TO

PREVENT OVERPRESS-
URIZATION OF MODULE
DURING GROUND FILL.

FAILURE TO OPEN
FATILURE TO
REMATN OPEN

FAILURE TO CLOSE

NONE

REDUNDANCY IS PROVIDED
BY -02 VALVE

ACTUAL L0SS

PROPELLANT MODULE GROUND
FILL OPFRATION COULD NOT
BE PERFORMED

FATLURE TO
REMATN CLOSED

ACTUAL LOSS
SAME EFFECT AS "FAILURE TO
REMAIN CLOSED," -02 ITEM.

F
G
H
J
K
L
M
4]
P
Q
R
S
T
U
i\

=

H# <odHMRUOoOYWORHXRGIOS

NONE
REDUNDANCY IS PROVIDED

NONE
FAILURE MODE DOES NOT
APPLY DURING FLIGHT PHASES

ACTUAL 10SS

" TOSS OF THRUST DURING

POWER PHASES. INADEQUATE
PULSED AFTERCOOLING COULD
RESULT IN ENGINE DESTRUCTION.

ACTUAL 10SS
INABILITY TO COMPLETE
LH2 RESUPPLY

ACTUAL 1088
RNS NOT AVATILABLE
FOR MISSION.

ACTUAL 10OSS
RNS NOT AVAILABLE
FOR MISSION




Ly

FORM 3(}375

F o TRANSLUNAR INJECTION

J e APOLUNE PLANE CHANGE

INSERTION INTO ELLIPTICAL LUNAR ORBIT

0 T  PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING ;‘é‘}%%giﬁﬁ.g%%’:g?'m"mi MoDE
MISSION: LUNAR SHUTTLE ?;i%oslﬂﬁiig%%ﬁ?'w_m"s MODE L e CIRCULARIZE AT TARGET ALTITUDE Q e APOLUNE PLANE CHANGE U s EARTH ORBIT CAPTURE
' :&;%SSLE ;gggigm H o INSERTION INTO ELLIPTICAL LUNAR ORBIT " '::j:s:: ::;ETR;::SR""\:IGONS : . ::;iesz::::“lz:’;:f" V  PULSED AFTERCOOLING
SYSTEM-‘ VENT AND RELTEF, IH, | PULSED AFTERCOOLING W ORBIT RESUPPLY AND C/O OPERATIONS
: FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
15.10-03
VALVE, RELIEF, 5. LEAKAGE POSSIBLE LOSS POSSIBLE LOSS POSSTBLE LOBS
GH2 SAME EFFECT AS "FAILURE LOSS OF THRUST DURING RNS MAY NOT BE
{ CONTINUED ) TO REMATN CLOSED" MODE. POWER PHASES. INADEQUATE AVAILABLE FOR MISSION

2 <SgHUWOWORUDRYyHEIOSE

PULSED AFTERCOOLING COULD
RESULT IN ENGINE DESTRUCTION.

AP OoOWORDRyHEIQN

=

POSSIBLE 1OSS
INABILITY TO COMPLETE
LH, RESUPPLY

POSSIBLE 1OSS
RNS MAY NOT BE
AVATLABLE FOR MISSION




8y

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
| cLass: 1-HYBRID
. MODULE:  PROPELLANT

SYSTEM: VENT AND RELIEF, IH,

ITEM

FUNCTION

e TRANSLUNAR INJECTION
PULSED AFTERCOOLING

AIDCOURSE CORRECTION-IDLE MOOE

TRANSLUNRAR COAST

e (NSERTION INTO ELLIPTICAL LUNAR ORBIT
B

PULSED AFTERCOOLING

FAILURE TYPE/MODE

J & APOLUNE PLAKE CHANGE

S PULSED AFTERCOOLING

L e CIRCULARIZE AT TARGET ALTITUDE
B PULSED AFTERCOOLING

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

@w o om DT D

& (NSERTION INTO ELLIPTICAL LUNAR OABIT

PULSED AFTERCOOLING
& APOLUNE PLANE CHANGE

PULSED AFTERCOOLING
¢ TRANSEAWTH INJECTION

PHASE

FAILURE EFFECT OR RNS

-

F < ©

FULSED AFTERCOOLING
HIDCOURSE CORRECTION--IDLE MODE
TRANSEARTH COASY

EARTH ORBIT CAFTURE
PULSED ASTERCOOLING -
ORBIT RESUPPLY AND C/O OPERATIONS |

FAILURE EFFECT ON
MISSION OR SPACECRAFT

15.10-05
DISCONNECT,

VENT AND RELIEF,
GH2

PROVIDE OVERBOARD
DUMP FOR VENT AND
RELTEF MODES DURING
GROUND FILIL

LEAKAGE

NONE

DISCONNECT IS IN SERIES
WITH -02 AND -03
VALVES.

NONE
REDUNDARCY IS PROVIDED

ROKE




RELIABILITY FAILURE EFFECT ANALYSIS

G

MISSION: LUNAR SHUTTLE
CLASS: 1-HYBRID
MODULE: PROPELLANT
SYSTEM: FLIGHT VENT

ITEM FUNCTION

F 8 TRAANSLUNAR INJECTION

J o APOLUNE PLANE CHANGE

PULSED AFTERCOOLING K PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE L & CIRCULARIZE AT TARGET ALTITUDE

TRANSLUNAR COAST
INSERTION INTO ELLIPTICAL LUNAR oRBIT M  PULSED AFTERCOOLING
N LUNAR ORBIT OPERATIONS

PULSED AFTERCOOLING
FAILURE EFFECT ON

FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING
APOLUNE PLANE CHANGE
PULSED AFTERCOOLING
TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

T PULSED AFTEACOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

U e EARTH ORBIT CAPTURE

v PULSED AFTERCOOLING

w ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

{ 15.11-01
DUCTING,
FLIGHT VENT,

GHp

PROVIDE PATH FOR
FLIGHT VENT OPERATIONS

DURING {1.

LEAKAGE POSSTBLE LOSS
SUFFICIENT LOSS OF ULTAGE
PRESSURE COULD RESULT IN
INABILITY TO TRANSFER
PROPELLANT TO PROPULSION
MODULE. IH, LOSS

COULD RESUL® IN UNSATISFACTORY
ENGINE COOLDCWN DURING

COAST PHASES. EXCESSIVE
LEAKAGE COULD PRECLUDE
COMPLETION OF IN-ORBIT ILH,
RESUPPLY

F
G
"
I
J
K
L
M
0
P
Q
R
S
T
U
v
W

SR RO TO B Ra W I oA

=

POSSTBLE 1055
10SS OF THRUST DURING
POWER PHASES, INADEQUATE
PULSED AFTERCOOLING

COULD RESULT IN ENGINE
DESTRUCTION.

POSSIBLE LOSS
INABILITY TO COMPLETE
LH2 RESUPPLY

POSSIBLE 1OSS

POSSIBLE LOSS
RNS MAY NOT BE
AVATIABLE FOR MISSION




3. FAILURE TO CIOSE
4, FATILURE TO
REMATN CIOSED

5. 1FAKAGE

OF VALVES IN SERIES
AND PARAILEL TO EACH OTHER.

POSSIBLE LOSS

INSUFFICIENT ULLAGE
PRESSURE COULD RESULT IN
INABILITY TO TRANSFER
PROPELLANT TO FROPULSION
MODULE. T0SS OF ULLAGE
PRESSURE DURING COAST
PHASES COULD DEGRADE ENGINE
COOLDOWN PERFORMANCE

SOHMWLWTOYWORHMXNYHIT QN
S OHRPWOMORHRUYHMQHE

=

=

POSSIBLE 10SS
THRUST CAPABILITY MAY
BE LOST.

INABILITY TO PERFORM
ADEQUATE PULSED AFTER~
COOLING DURING COAST
PHASES COULD RESULT IN
ENGINE DESTRUCTION.

POSSIBLE LOSS
INABILTTY TO COMPLETE
LH, TRANSFER OPERATTON

INQEARTH ORBIT

F e TRANSLUNAR INJECTION § & APOLUNE PLANE CHANGE O & INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
T A Y8IS -
RELIABILITY FAILURE EFFECT ANAL G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING O CORRECTION-IDLE MODE
HMIDCOURSE CORRECTION~IDLE MODE
FAISSION: LUNAR SHUTTLE TRANSLUNAR COAST L @ CIRCULARIZE AT TARGET ALTITUDE Q & APOLUNE PLANE CHANGE U & EARTH OREIT CAPTURE
CLASS: " 1-HYBRID H tNSErmoQ INTO ELLIFTICAL LUNAR ORgIT @ TULSED AFTEACOOLING R PULSED AFTERCOGLING Y PULSED AFTERCOOLING
E RRUDUU:.: }}:};(I)mlsgfn | PULSED AFTERCOOLING N LUNAR ORBIT OFERATIONS S & TRANSEARTH tECTION W ORBIT RESUPPLY AND C/O OFERATIGNS
| SYSTEM: CHT FAILURE EFFECT ON FAILURE EFFECT O
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON ANS BISSION OR SPACECRAFT
15.11-02
QUAD VALVES (1 set), CONTROL GH, VENTING OF 1. FAILURE TO OFEN NONE NONE - NONE
FLIGHT VENT, RES PROPELEANT MODULE 2. FAILURE TO THE QUAD VALVE SET
GH2 REMAIN OPEN CONTAINS TWO SUBSETS

POSSIBLE 10SS

POSSIBLE 10OSS
RNS MAY NOT
BE AVAITABLE
FOR MISSION




1s

FORM 230-376

RELIABILITY FAILURE EFFECT ANALYSIS

F o TRANSLUNAR INJECTION

J e APOLUNE PLANE CHANGE

o INSERTION INTO ELLIPTICAL LUNAR ORBIT

o T PULSED AFTERCOOLING
G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING e R AT 1 SIRECTION~IDLE MODE
MISSION: LUNAR SHUTTLE R CORRECTION-IDLE MODE L e CIRCULARIZE AT TARGET ALTITUDE Q o APOLUNE PLANE CHANGE G o EARTH ORBIT CAPTURE
CLASS: . i;gypgim H o INSERTION INTO ELLIPTICAL LUNAR opait M PULSED AFTERCOOLING R PULSED AFTERCOOLING vV PULSED AFTERCOOLING .
MODULE: FLIG}H‘UM o | PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS S © TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS
SYSTEM: (]
FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

15,1103
NOZZLES , IMPART A PROPULSIVE FORCE NONE NONE NONE NONE
FLIGHT VENT, WHEN GH, IS VENTED FRQM
GH2 THE PROEELLANT MODULE




FORM 830376

RELIABILITY FAILURE EFFECT ANALYSIS

[ MUSSION: LUNARSHUTTLE

|| CLASS: 1-HYBRID

| MODULE: PROPULSION
SYSTEM: PROPELLANT FEED

ITEM FUNCTION

F e TRANSLUNAR INJECTION

G

4 8 APOLUNE PLANE CHANGE

PULSED AFTERCOOLING K PULSED AFTERCOOLING

EIDCOURSE CORRECTION—IDLE MODE . P v

TRANSLUNAR COAST L & CIRCULARIZE AT TARGET ALTITUDE
il PULSED AFTERCOOLING

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

{NSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

FAILURE TYPE/MODE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

PHASE FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

IDCOURSE CORRECTION—IOLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

25.05-01,-02
PUMP, TH,

MOTOR DRIVEN,
CHILIDOWN (2)

FORCE IH, FROM
PROPULSION MODULE
TO THE STAGE FEED
AND NERVA ENGINE
FEED DUCTING DURING
PRESTART CHILLDOWN
OF BOTH PROPELLANT
FEED SYSTEMS.

1. TFAILURE TO START
2. TFAILURE TO
DELIVER AS REQUIRED

NONE - EACH PUMP IS SIZED
FOR FULL SYSTEM CHILLDOWN CAPACITY

NONE - REDUNDANCY IS
PROVIDED BY EITHER PUMP

WONE




€9

FORM B830-376

F o TRANSLUNAR INJECTION J e APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS MIDCOURSE CORRECTION—IDLE MODE
G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING TRANSEARTH COAST
MIDCOURSE CORRECTION~IDLE MODE
MISSION: LUNAR SHUTTLE TRANSLUNAR COAST L e CIRCULARIZE AT TARGET ALTITUDE APGLUNE PLANE CHANGE

. L EARTH ORBIT CAPTURE
: - PULS
g"(.)%slfLE ﬁggigcw INSERTION INTO ELLIPTICAL LUNAR oRBIT M PULSED AFTERCOOLING ULSED AFTERCOOLING PULSED AFTERCOOLING
. PRCPULSICN CTION
| SYSTEM: PROPELTANT FEED PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS TRANSEARTH INJECTIO ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

25.05-03,04
csmcg VALVES, PREVENT LH, BACKFLOW 1. FAILURE TO OPEN NONE ~ EACH OF THE TWO NONE NONE
ANTT-BACKFLOW, FROM OUTLE® PORT OF PUMP OUTLET PORTS DISCHARGE REDUNDANCY IS PROVIDED
IH, CHILIDOWN PUMPS 25.05-01 2. FAILURE TO CLOSE VIA A CHECK VALVE (-03,-0k%)
AND 25.05-02 AND EACH TS SIZED FOR FULL
3. LEAKAGE SYSTEM CHILIDOWN OPERATIONS.




RELIABILITY FAILURE EFFECT ANALYSIS

|| 4ISSION: LUNAR SHUTTLE

CLASS: 1-HYBRID
#MODULE:  PROPULSION

SYSTEM:
ITEM

G

PROPELIANT FEED

FUNCTION

F e TRANSLUNAR INJECTION

PULSED AFTERCOOLING

$AIDCOURSE CORRECTION-IDLE MODE

TRANSLUNAR COAST

4 @ APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING

L e CIRCULARIZE AT TARGET ALTITUDE

[ PULSED AFTERCOOLING

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

FAILURE TYPE/MODE

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

25,05-05

| CHECK VALVE, LH,
CHILL SYSTEM,

STAGE FEED DUCT

PROVIDE UNIDIRECTIONAL
FLOW IN STAGE FEED
DUCTING DURING CHILLDOWN

1.

2.

3.

FAILURE TO OPEN

LEAKAGE

FATLURE TO CLOSE

PARTIAL LOSS

ABILITY TO ACCOMPLISH
CHILLDOWN OF THE STAGE
FEED DUCTING IS LOST

NONE - FAILURE HAS NO EFFECT

SURO O oM

ooy m

POSSIBLE 1085

INADEQUATE CONDITIONING
OF STAGE FEED DUCTING
COULD PRECLUDE ATTATNMENT
OF REQUIRED LH2 FLOW
RATE AND CAUSE A
DEGRADATION OF STAGE
THRUST

NONE

POSSIBIE 1OSS




14

FORM 830-376

RELIABILITY FAILURE EFFECT ANALYSIS

TRANSLUNAR INJECTION

J o APOLUNE PLANE CHANGE

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

F e 0o T
G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING :’;‘;ﬁ,‘;‘e‘iiﬁ,ﬁ%‘;‘}\iﬁﬂw-"’“ MODE
MISSION: LUNAR SHUTTLE "T‘;‘f\i“’s‘:ﬂi‘iﬁ%‘g’ﬁf'°""°LE MODE L e CIRCULARIZE AT TARGET ALTITUDE Q o APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
| CLASS: 1-HYBRID H o INSERTION INTO ELLIPTICAL LUNAR ORpiT M PULSED AFTERCOOLING R PULSED AFTERCOOLING vV PULSED AFTERCOOLING
;Ays?rlébE gﬁggﬁﬁ% EED | PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS S © TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS |
; FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
25.05-06,-07
CHECK VALVE, LHQ, EACH CHECK VALVE PROVIDES 1. FAILURE TO OPEN PARTTAL LOSS F| F| PROBABLE 10SS PROBABLE 1OSS
CHILL SYSTEM UNIDIRECTIONAL FLOW TO ABILITY TO ACCOMPLISH H] H LOSS OF THRUST DUE TO
NERVA ENGINE THE INLET DUCTING OF EACH CHILLDOWN OF THE NERVA J1J] LH2 PUMP CAVITATION
FEED DUCTING (2) NERVA TURBO-PUMP DURING ENGINE FEED DUCTING IS L L
CHILLDOWN. LOST AND COULD RESULT IN o W¢
CAVITATION OF THE NERVA Ql 9
TURBOPUMP(S) DURING THE sls
POWER PHASES U] U]
2, FAILURE TO CLOSE PARTTIAL 1088 F| F{ POSSIBLE LOSS POSSIBIE LOSS
ADEQUATE LH, CONDITIONING H| Hl LOSS OF THRUST DUE
3. LEAKAGE OF THE NERVA ENGINE FEED J} J| TO LH, PUMP CAVITATION.
DUCTING MAY NOT BE ATTAINED, L} I
RESULTING IN NERVA TURBO- 0} 0
PUMP(S) CAVITATION DURING THE Qf q
POWER PHASES. Sts
U\l U




FORK 830,378

F e TRANSLUNAR INJECTION 4 @ APOLUNE PLANE CHAMNGE

G PULSED AFTERCOOLING K PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE L e CIRCULARIZE AT TARGET ALTITUDE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING
APOLUNE PLANE CHANGE

PULSED AFTERCOOLING
HIDCOUASE CORRECTION-~IDLE WODE
TRAMNSEARTH COAST

RELIABILITY FAILURE EFFECT ANALYSIS

| MISSION: LUNAR SHUTTLE TRANSLUNAR COAST EARTH ORBIT CAPTURE

[ CLASS: 1-HYBRID
| MODULE:
SYSTEM:

ITEM

PROPULSION
PROPELLANT FEED

FUNCTION

] PULSED AFTERCOOLING

INSERTION INTO ELLIPFTICAL LUNAR ORBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PULSED AFTERCOOLING
TRANSEARTH INJECTION

PHASE FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
I4ISSION OR SPACECRAFT

25.05-08

QUAD VALVES (1 set),
SHUT-OFF, CHILLDOWN,
L,

PROVIDE SHUTOFF IN IH
CHILLDOWN RETURN LINE
FROM NERVA ENGINE FEED
DUCTING TG PROPULSION
MODULE

1. FAILURE TO OPEN
2. FAILURE TO CLOSE

NONE

THE QUAD VALVE SET CONTAINS
TWO SUBSETS OF VALVES IN
SERIES AND PARALLEL TO EACH
OTHER.

POSSIBLE 1OSS
DEPLETION OF LH, SUPPLY
BELOW AMOUNT RE&UIRED
FOR NERVA STARTUP AND
COOLDOWN OPERATIONS.

NONE
REDUNDANCY IS PROVIDED

POSSIBLE 10SS
TOSS OF THRUST DURING
POWER PHASES. INADEQUATE
PULSED AFTERCOOLING
DURING MISSION COAST
PHASES COULD RESULT IN
ENGINE DESTRUCTION

2 SCHNUTNOUOEL R E G

POSSIBLE 1088

INABTLITY TO MAINTAIN
LH, IN PROPULSION
MOBULE

POSSIBLE LOSS

POSSTBLE 10SS
RNS MAY NOT BE
AVAITABLE FOR
MISSION
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RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE

ITEM

| CLASS: 1-HYBRID
MODULE:  PROPULSION
SYSTEM:  PROPELIANT FEED

FUNCTION

G

F o TRANSLUNAR {NJECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSLUNAR COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIT
N

PULSED AFTERCOOLING

FAILURE TYPE/MODE

J ® APOLUNE PLANE CHANGE
K PULSED AFTERCOOQOLING
L e CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING

LUNAR OR8IT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

®» 3 0 T O |

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERACOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

25.05-09
DUCTING, LH
CHTLLDOWN

PROVIDE 1M, FLOW
PATH DURINa PRESTART
CHILIDOWN OF STAGE
AND NERVA ENGINE
FEED DUCTING

1. IEAKAGE

POSSIBLE LOSS ABILITY
TO ACCOMPLISH CHILIDOWN
I5 1osT

RO O Qim
So oM

POSSIBIE 1088
INADEQUATE CONDITIONING
OF STAGE AND/OR NERVA
ENGINE FEED DUCTING
COUID PRECLUDE ATTAIN-
MENT OF REQUIRED LH,
FLOW RATE AND CAUSE“A
DEGRADATION OF STAGE
THRUST.

POSSIBIE 10SS




RELIABILITY FAILURE EFFECT ANALYSIS F o TRANSLUNAR INJECTION 4 & APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR Z PULSE AFTRC

NG
, G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING G RoE CORRECTION-IDLE MODE
| HISSION: LUNAR SHUTTLE 21‘;2%%‘:5%12%%%?’0””'”5 HMODE L e CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE CARTH ORBIT CAPTURE
CLASS: 1-HYBRID INSERTION INTO ELLIPTICAL LuNAR ogir @ FULSED AFTERCOOLING PULSED AFTERCOOLING PULSED AFTERCOOLING
?Y(,s[')l'lé‘r;qs igggg}ﬁRigngN PULSED AETERCOOLING N LUNAR ORBIT OPERATIONS TRANSEARTH INJECTION ORBIT RESUPPLY AND C/O OPERATIONS
FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

25.06-01,-0k4 PROVIDE FLOW PATH FOR GH, 1. LEAKAGE POSSIBLE LOSS
DUCTING, FROM NERVE ENGINE TO RNS POSSTBLE 10SS OF ULLAGE OR LH,
PRESSURIZATION PROPULSION MODULE ULLAGE. COULD CAUSE NERVE PUMP TO
CONTROL, GH, CAVITATE IN POWER PHASES, I0SS
OF 1H, COULD CAUSE INABILITY TO
COMPLETE MISSION. 10SS OF LH
COULD CAUSE INABILITY TO PERFORM
ENGINE COOLDOWN. POSSIBLE LOSS
OF ABILITY TO RETAIN LH, IN
PROPULSION MODULE DURING REFILL
OPERATION IN EARTH ORBIT.

POSSIBLE IOSS POSSIBLE LOSS
LOSS OF THRUST DUE TO NERVA
PIMP CAVITATION OR DEPLETION
of IH,. NERVA PUMP FATILURE
COULD"CAUSE STRUCTURAL DAMAGE
TO STAGE. INABILITY TO PERFORM
ENGINE COOLDOWN WILL RESULT

IN ENGINE DESTRUCTION.

]

2 dorumom”oRmtmuHTan

L
M
(o]
P
Q
R
S
T
U
\
W

POSSIBLE 10SS POSSIBLE LOSS

INBILITY TO MAINTAIN LH2 RNS MAY NOT BE
IN PROPULSION MODULE AVAITABLE FOR

MISSION.




FORM 830-375

F ® TRANSLUNAR INJECTION J e APOLUNE PLANE CHANGE @ INSERTION INTO ELLIPTICAL LUNAR ORBIT

FECT ANALYSIS o T  PULSED AFTERCOOLING
RELIABILITY FAILURE EF G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING ;‘,‘,‘;ﬁ,‘;‘;ﬁ:ﬁﬁ%’g‘;@?’°“"'°“ MODE
MISSION: LUNAR SHUTTLE ?;i%%tﬁiig%%fsﬁ“o"“m“ MODE L e CIRCULARIZE AT TARGET ALTITUDE Q e APOLUNE PLANE CHANGE U o EARTH ORBIT GAPTURE
:I'E)I?JSSLE ;Rg}{gisrgm\] H e INSERTION INTO ELLIPTICAL LUNAR ORBIT : z::ie::::?g:::;:ims z R :::f;::::ﬂlsjf;:f" v PULSED AFTERCOOLING
. PRESSURTZATTON ] PULSED AFTERCOOLING w ORBIT RESUPPLY AND C/O OPERATIONS
| SYSTEM: ‘
FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
25.06-02
QUAD VALVES (1 set) CONTROL: FLOW OF GH, TO 1. FAILURE TO OFEN NONE NONE NONE
EXPULSION, GH2 PROPULSION MCDULE lgROM 2. TFAILURE TO CLOSE THE QUAD VALVE SET
NERVA ENGINE DURING k. PFATLURE TO CONTAINS TWO SUBSETS
POWER PHASES. REMAIN CIOSED OF VALVES IN SERIES
AND PARALLEL TO EACH OTHER.
5. LEAKAGE POSSIBLE 10SS FJIF | POSSIBLE LOSS POSSIBLE LOSS
LOW ULLAGE PRESSURE G| | THRUST CAPABILITY MAY -
COULD CAUSE NERVA PUMP HJH | BE LOST, INABILITY TO
TO CAVITATE DURING POWER I|I | PERFORM ADEQUATE PULSED
PHASES AND COULD. RESULT JJ | AFTERCOOLING DURING
IN RNS STRUCTURAL DAMAGE. X COAST PHASES COULD RESULT
LOSS OF ULLAGE PRESSURE LE IN ENGINE DESTRUCTION.
DURING COAST PHASES COUID M
CAUSE INABILITY TO PER- o
FORM ENGINE COOILDOWN. PP
ABILITY TO REFILL PROPULSION QR
MODULE DURING EARTH ORBIT RR
COULD BE LOST. SB
T
Up
vy
W JW } POSSIBLE LOSS POSSIBLE 10SS
INABILITY TO MAINTAIN RNS MAY NOT BE
LH, IN PROPULSION MODULE. AVATTABLE FOR
MISSION.




RELIABILITY FAILURE EFFECT ANALYSIS

|| MISSION: LUNAR SHUTTLE
. CLASS: 1-HYBRID
MODULE:  PROPULSION

SYSTEM: PRESSURIZATION

ITEM

FUNCTION

F o TAANSLUNAR INJECTION J e APOLUNE PLANE CHANGE
G PULSED AFTERCOOLING ) K PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE L o CIRCULARIZE AT TARGET ALTITUDE

TRANSLUNAR COAST
M PULSED AFTERCO
H o INSERTION INTO ELLIPTICAL LUNAR ORBIT OLING
LUNAR ORBIT OPERATIONS

I PULSED AFTERCOOLING
FAILURE EFFECT ON
FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE

w m R w0

& (MSEATION INTO ELLIPTICAL LUNAR ORBIT T
PULSED AFTERCOOLING

& APOLUNE PLANE CHARGE
PULSED AFTERCOOLING

e TRANSEARTH INJECTION

PHASE FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MAIDCOURBE CORRECTION-IDLE MODE
TRAKBEARTH COABY

e EARTH OABIT CAPTURE

PULSED AFTERCOOLING
ORBIT RESUFPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

25.06-03
QUAD VALVES (1 set)
CONTROL GHE

CONTROL FLOW OF GH, TO
PROPULSION MODULE ﬁROM
NERVA ENGINE DURING
POWER PHASES

1. TFAILURE TO OPEN NONE
2. TFAILURE TO THE QUAD VALVE SET CONTAINS
REMATN OPEN TWO SUBSETS OF VALVES IN
3. FAILURE TO CLOSE SERIES AND PARALLEL TO EACH
4, PFATLURE TO OTHER.
REMATN CLOSED

5. LEAKAGE POSSIBLE LOSS

IOW ULLAGE PRESSURE COULD
CAUSE NERVA PUMP TO
CAVITATE DURING POWER
PHASES AND COULD RESULT

IN RNS STRUCTURAL DAMAGE.
LOSS OF ULLAGE PRESSURE
DURING CCAST PHASES COULD
CAUSE INABILITY TO PERFORM
ENGINE COOLDOWN. ABILITY
TO REFILL PROPULSION MODULE
DURING EARTH ORBIT COULD
BE LOST.

NONE

POSSIBLE LOSS

THRUST CAPABILITY MAY BE
IOST. INABILITY TO PERFORM
ADEQUATE PULSED AFTERCOOLING
DURING COAST PHASES COULD
RESULT IN ENGINE DESTRUCTION.

L AdoHN Do VOB N YHINQ
E ey WO A N

POSSIBIE 1OSS
INABILITY TO MAINTAIN

IN PROPULSION
NOBuLE

NONE

POSSIBLE I10SS

POSSTBLE 10SS

RNS MAY NOT BE
AVATIABLE FOR

MISSION
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o TRANSLUMAR INJECTION J & APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS : MIDCOURSE CORRECTION—IDLE MODE
G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING TRANSEARTH COAST

FAISSION: LUNAR SHUTTLE ?éaigtsiig%noﬁ?'m”mu MODE L o CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE

EARTH ORBIT CAPTURE
: PULSED AFTERCOOLING
CLASS: 1-HYBRID H o INSERTION INTO ELLIPTICAL LUNAR opatT 1 PULSED AFTERCOOLING vV PULSED AFTERCOOLING
MODULE:  PROPULSION N

K - PULSED AFTERCOOLING LUNAR ORBIT OPERATIONS TRANSEARTH INJECTION ORBIT RESUPPLY AND C/O QPERATIONS ¢
SYSTEM:  PRESSURIZATION FAILURE EFFECT ON FAILURE EFFECT OH
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

25 ,06-05 CONNECT PROPULSION 1. LEAKAGE POSSIBLE LOSS
DISCONNECT, (25.06) AND PROPELLANT ABILITY TO CONTROL ULLAGE
PRESSURIZATION (15.06) MODULE PRESSURF MAY BE LOST. IH=-
CONTROL, GH, PRESSURIZATION SYSTEMS. SUFFICIENT ULLAGE PRESSURE
PROPULSION MODULE COULD CAUSE NERVA PUMP TO
HATF OF DISCONNECT CAVITATE DURING POWER PHASES,
AT END OF 25.06-0k
DUCTING.

POSSIBLE LOSS POSSTIBLE LOSS
THRUST CAPABILITY MAY BE LOST.

SNO Oty im

=
=

NONE

DISCONNECT LEAKAGE HAS NO
EFFECT DURING EARTH ORBIT
OPERATIONS.




RELIABILITY FAILURE EFFECT ANALYSIS

HAISSION: LUNAR SHUTTLE
|| CLASs:  1-HYBRID
£ MODULE: PROPULSION

G

SYSTEM:  PRESSURIZATION !

F e TRANSLUNAR INJECTION

PULSED AFTERCOOLIKG
#iDCOURSE CORRECTION~IDLE mODE
TRANSLUNAR COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

4 e APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L e CIRCULARIZE AT TARGET ALTITUDE
24 PULSED AFTERCOOLING

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON

LI I o B o]

® INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOULING

L

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING
@ TRANSEARTH INJECTION

U s

w

PULSED AFTERCOOLING
EAIDCOURSE CORRECTION-IDLE MODE
TRAMSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS |
FAILURE EFFECT ON

ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
25.0B-06
i | PRESSURE SENSE ULIAGE PRESSURE IN 1. OUTPUT WHEN NOT NONE NONE NONE P
SWITCHES (1 set) PROPULSTON MODULE AND -REQUIRED. REDUNDANCY IS
IH, FLOW CONTROL SEND COMMAND SIGNALS THAT PROVIDED
ENERGIZE GH, CONTROL 2. NO OUTPUT

VALVES (-025-03) DURING
POWER PHASES.

WHEN REQUIRED




FORM 830-376

INSERTION INTO ELLIPTICAL LUNAR ORBIT T PULSED AFTERCOOLING
PULSED AFTERCOOLING MIDCOURASE CORRECTION-IDLE MODE

TRAMNSEARTH COAST
APOLUNE PLANE CHANGE
PULSED AFTERCOOLING
TRANSEARTH INJECTION

F o TRANSLUNAR INJECTION J e APOLUNE PLANE CHANGE
G PULSED AFTERCOOLING K PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE
MISSION: LUNAR SHUTTLE TRANSLUNAR COAST L e CIRCULARIZE AT TARGET ALTITUDE

CLASS: 1-HYBRID M PULSED AFTERCOOLING

H o INSERTION INTO ELLIPTICAL LUNAR ORBIT
: PULSTON
MODULE: rRO . PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS

RELIABILITY FAILURE EFFECT ANALYSIS

U o EARTH ORBIT CAPTURE
v PULSED AFTERCOOLING
w ORBIT RESUPPLY AND C/O OPERATIONS

“w 3 O 9O
[

€9

ITEM

SYSTEM:  PROPELLANT FILL, IH

2
FUNCTION

FAILURE TYPE/MODE

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

FAILURE EFFECT ON RNS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

TNABILITY TO TRANSFER
IH, TO PROPULSION

MODULE DURING REFTLL
OPERATIONS .

25.09-01 PROVIDE CONNECTION POSSIBLE LOSS F 1 G} POSSIBLE 10SS POSSIBLE LOSS
DISCONNECT, FOR LH, TRANSFER ABILITY TO TRANSFER IH H{ DEPLETION OF 1H
LH2 TRANSFER FRM PﬁOPELLANT TO TO PROPULSION MODULE WSULD H | Il SUPPLY COULD RESULT IN
PROPULSION RNS BE DEGRADED AND COULD CAUSE J| LH, PWP CAVITATION OF
MODULES. MATES WITH LH, SUPPLY TO DECREASE BELOW J | K} NERVA ENGINE DURING
15.05-0k MIﬁIMUM MISSTON REQUIREMENTS, L] POWER PHASES, PUMP
DISCONNECT OF L | M] CAVITATION COULD RESULT
PROPELLANT MODULE 0] IN ENGINE STRUCTURAL
O | P| FATLURE. INABILITY TO
Q} PERFORM ADEQUATE PULSED
Q | R] AFTERCOOLING DURING
S| MISSION COAST PHASES
S | T| COULD ALSO RESULT IN
U] ENGINE DESTRUCTION.
ulv
W ] W] POSSIBLE 10SS POSSIBLE LOSS

RNS MAY NOT BE
AVATIABLE FOR
MISSTON




FORM 833378

s F s TRANSLUNAR INJECTION J & APOLUNE PLANE CHANGE O s INSERTION IHTO ELLIPTICAL LUNAR ORBIT T  PULSED AFTERCOOLING
RELIABILITY FAILURE EFPECT ANALYSIS G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING O OmE CORRECTION-DLE MODE
SAISSION: LUNAR SHUTTLE L CORRECTION-IDLE MODE L e CIRCULARIZE AT TARGET ALTITUDE G o APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
CLASS: L1-HYBRID H o INSERTION iNTO ELLIFTICAL LUNAR ORgry ™  FULSED AFTERCOOLING R PULSED AFTERCOOLING V. PULSED AFTERCOOLING '
#ODULE: PROPULSION | PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS S o TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O GPERATIGHS
SYSTEM: ~ FROPELLANT FILL, LH, FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
25.09-02
i DUCTING, PROVIDES LH2 FLOW PATH 1. LFEAKAGE POSSIBLE LOSS F | G| POSSIBLE LOSS POSSIBLE 10SS i
LH2 TRANSFER DURING FILL OF THE RNS SAME EFFECT AS ITEM 25.09-01," H|SAME EFFECT AS ITEM 25.09-01,
PROPULSION MODULE. DISCONNECT LEAKAGE." H}| I} "DISCONNECT LEAKAGE."
J
JlK
L
LiM
0o
O] P
Q
QR
S
Si{T
U
v
W | WPOSSIBLE 1.0SS POSSIBLE IOSS
INABILITY TO TRANSFER RNS MAY NOT
TO PROPULSION BE AVAILABRLE
{MODULE DURING REFILL FOR MISSION

OPERATIONS .
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FORM 830376

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE

CLASS: 1-HYBRID
MODULE: PROPULSION
SYSTEM:

ITEM

PROPELLANT FILL, IHp

FUNCTION

G

F o TRANSLUNAR INJECTION

PULSED AFTERCOOLING

MIDCQURSE CORRECTION—IDLE MODE

TRANSLUNAR COAST

H o INSERTION INTO ELLIPTICAL LUNAR ORSBIT
PULSED AFTERCOOLING

FAILURE TYPE/MODE

J @ APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING

L e CIRCULARIZE AT TARGET ALTITUDE

M PULSED AFTERCOOLING

N LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON

SUBSYSTEM PERFORMANCE

“ » O O
o ‘

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING
APOLUNE PLANE CHANGE
PULSED AFTERCQOLING
TRANSEARTH INJECTION

PHASE

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE CORRECTION~IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS £

FAILURE EFFECT ON
MISSION OR SPACECRAFT

25,09-03,~0k4
CONTROL VALVES,
LH, FILL

CONTROL FLOW OF LH
FROM THE PROPELLAN’%
MODULE TO THE
PROPULSION MODULE
DURING POWER PHASES

b,

FATLURE TO OPEN
FATLURE TO
REMAIN OPEN

FAILURE TO CLOSE

FAILURE TO
REMAIN CLOSED

NONE
THE CONTROL VALVES ARE
REDUNDANT IN THE OPEN
MODE

POSSIBLE LOSS

IH, WILL ENTER TRANSFER

LIRE FROM CONTROL VALVES
TO THE RNS PROPELLANT
MODULE. SUBSEQUENT BOIL-
OFF OF 1H, IN TRANSFER
LINE DURTNG COAST PERTODS
COULD DEPIETE THE IH,
SUPPLY BELOW AMOUNT
REQUIRED FOR PROPER NERVA
STARTUP.

POSSIBLE LOSS
SAME EFFECT AS MODE
3, "FAILURE TO CLOSE,"

B

(=]

<OHNTOWORMHANGHE <OIHODTOHWOZHNGHXO

NONE

POSSIBLE LOSS

EXCLUDING TRANSLUNAR
INJECTION PHASE, DEFLETION
OF IH, SUPPLY COULD CAUSE
CAVITATION OF NERVA IH
PUMP DURING POWER PHASES.
INABILITY TO PERFORM ADEQUATE
PULSED AFTERCOOLING DURING
MISSION COAST PHASES COULD
ALSO RESULT IN ENGINE
DESTRUCTION.

POSSIBLE LOSS

IH, SUPPLY DEPLETION

Co CAUSE NERVA IH

PWMP CAVITATION DURING
POWER PHASES. INADEQUATE
PULSED AFTERCOOLING

DURING MISSION COAST PHASES
COULD RESULT IN ENGINE
DESTRUCTION.

NONE

POSSIBLE IOSS

POSSTBLE LOSS



FORM B830.376

PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE
TRANSEARTH COAST

@ INSERTION INTO ELLIPTICAL LUNAR ORBIT T
PULSED AFTERCOOLING
APOLUNE PLANE CHANGE
PULSED AFTERCOOLING

F e TRANSLURAFR INJECTION 4 e APOLUNE PLANE CHANGE
G PULSED AFTERCOOLING K PULSED AFTERCOOLING

MIDCOURSE CORRECTION-IDLE MODE
MAISSION: LUNAR SHUTTLE TRANSLUNAR COAST L e CIRCULARIZE AT TARGET ALTITUDE
PULSED AFTEHCOOLING

CLASS: H e INSERTION INTO ELLIPTICAL LUNAR OREIT

RELIABILITY FAILURE EFFECT ANALYSIS

U e EARTH ORBIT CAPTURE
v PULSED AFTERCOOLING
w

“w B o v o
@

| MODULE: | PULSED AFTERCOOLING LUNAR ORBIT OPERATIONS ° TRANSEARTH INJECTION ORBIT RESUPPLY AND C/O OPERATIONS
SYSTEM: FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

25,0903, =0k

L CONTROL VALVES, 5.. LEAKAGE POSSTBLE LOSS POSSIBLE 1OSS POSSIBLE LOSS
LH6 FILL SAME EFFECT AS MODE k4, G |H| IH, SUPPLY DEPLETION COULD
( CONTINUED ) "FAILURE TO REMATN CLOSED." 1| cafse vERVA PP CAVITA-
I |J| TION DURING PO PHASES .
K | INADEQUATE PULSED AFTER-
K |T | COOLING DURING MISSION
M| COAST PHASES COULD RESULT IN
i |0 | ENGINE DESTRUCTION.
P
P |Q
R
R s
T
T ju
v
DURING EARTH ORBIT ¥ W | POSSIBLE 1.0SS POSSIBLE 1OSS

OPERATIONS, THE “FAILURE
TO REMAIN CLOSED" AND
"LEAKAGE" MODES COULD
DEGRADE 1H,, TRANSFER
OPERATTONS, MODES 1, 2
AND 3 DO NOT APPLY DURING
FARTH ORBIT.

INABILITY TO MAINTAIN
LH2 IN PROPULSION MODULE.

RNS MAY NOT BE
AVATIABLE FOR
MISSION
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FORM 830-375

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
CLASS: 1-HYBRID
MODULE: PROPULSION

SYSTEM: PROPELLANT FILL, ILH

ITEM

2
FUNCTION

@ TRANSLUNAR INJECTION

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE

TARANSLUNAR COAST

@ INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED

AFTERCOOLING

FAILURE TYPE/MODE

J e APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L e CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

“ 3 p 9 OE

& INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

@ APOLUNE PLANE CHANGE
PULSED AFTERCOOLING

o TRANSEARTH INJECTION

PHASE

FAILURE EFFECT ON RNS

£ <c

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—-IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O GPERATIONS |

FAILURE EFFECT ON
MISSION OR SPACECRAFT

£5.09-05,-06

PUMP, LH,,

MOTOR DRIVEN,
PRESTART REFILL (2)

FORCE IH, FROM
PROPELIART 1ODUIE

TO PROPULSION MODULE
DURING PRESTART RUN
TANK REFILI OPERATION.

1.
2,

FATLURE TO START
FATILURE TO DELIVER
AS REQUIRED.

NONE - EXTENDED IH, TRANSFER
TIME IS NOT SIGNIF%CA.N’I‘

NONE - SATISFACTORY RUN TANK
REFILL IS PROVIDED BY
EITHER PUMP

NONE
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FORM 830-375

F e TRANSLUNAR BUECTION 1 8 APOLUNE PLANE CHANGE IMSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ARALYSIS MIDCOURSE CORRA -
G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING [DCOUASE CORAECTION-IOLE MODE

MIDCOURSE CORRECTION—IDLE MODE TRANSEARTH COAST
MISSION: LUNAR SHUTTLE TR[;(PZSLUNAR COAST - MOD L e CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHARGE EARTH ORBIT CAPTURE
| CLASS:  1-HYBRID INSERTICH INTC ELLIPTICAL LUNAR opary 4 PULSED AFTERCOOLING FULSED ArrERcanr PULSED AFTERCOOLING
- . PROPULSION ) e T TH INJECTION

:YOSQI'LE”;QE FROPUS — PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS TRANSEAR CcTo ORBIT RESUFPLY AND C/O GPERATIONS
’ : LANT 3 Ay

FAILURE EFFECT ON FAILURE EFFECT OR
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION DR SPACECRAFT

25,09,-07-08
CHECK VALVES, PREVENT IH, BACKFLOW 1. FAILURE TO OPEN NONE - EACH OF THE TWO PUMP NONE

ANTT~BACKFLOV, INTO 1H, POMPS DURING 2. FAILURE TO CLOSE OUTLET PORTS DISCHARGE VIA REDUNDANCY IS PROVIDED
1H, RUN TANE REFILL 3. LEAKAGE A CHECK VALVE (-07,-08)
AND SATISFACTORY REFILL
OPERATIONS CAN EE PROVIDED
BY EITHER PUMP




FORM 830-376 _

RELIABILITY FAILURE EFFECT ANALYSIS

SYSTEM:
ITEM

PROPELLANT FIIL, LH,

G
MISSION: LUNAR SHUTTLE
CLASS:  1-HYBRID "
MODULE:  PROPULSION

FUNCTION

F o TRANSLUNAR INJECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSLUNAR COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

4 e APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L ® CIRCULARIZE AT TARGET ALTITUDE

“w » O v O

INSERTION ¢
PULSED AFT

APOLUNE PLANE CHANGE

M PULSED AFTERCOOLING PULSED AFT
N LUNAR ORBIT OPERATIONS TRANSEART
FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE PHASE

NTO ELLIPTICAL LUNAR ORBIT T
ERCOOLING

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

U e EARTH ORBIT CAPTURE
ERCOOLING v PULSED AFTERCOOLING
H INJECTION w ORBIT RESUPPLY AND C/O OPERATIONS |
FAILURE EFFECT ON
FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

| 25.09-09
QUAD VALVES (1 set)

LH2 PRESTART REFILL

CONTROL FLOW OF LH, FROM
THE PROPELLANT MOD%IE TO
THE PROPULSION MODULE
DURING PRESTART RUN
TANK REFIIL OPERATION.

1.
2,

FATLURE TO OFEN
FATLURE TO CLOSE

NONE
THE QUAD VALVE SET

CONTAINS TWO SUBSETS
OF VALVES IN SERIES
AND PARALLEL TO EACH
OTHER.

NONE - FAILURE HAS
NO EFFECT

NONE

NONE




FORM 830376

. F o TRAMSLUNAR INJECTION } & APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
BELIABILITY FAILURE EFFECT ANALYSIS _
G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING MIDCOURSE CORRECTION~IDLE MODE

7: MIDCOURSE CORRECTION-IDLE MODE TRANSEARTH COAST
( KISSION: LUNAR SHUTTLE TRANSLUNAR COAST L & CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE

oo EARTH ORBIT CAPTURE
: - PULSED AFTER LING
;LéADSSLE ;R}g%BRD]):ON INSERTION INTO ELLIPTICAL LUNAR ORBIT M PULSED AFTERCOOLING PULSED AFTERCOOLING
. B ULS LUNAR ORBIT OPERATIONS TRANSEARTH INJECTION
PULSED AFTERCOOLING ORBIT RESUPPLY AND C/O OPERATIONS
SYSTEM: ~ PROPELIANT FILL, IH, N

FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

25.09-10
SENSE FIOW 1. LLOGGED ACTUAL 10SS ACTUAL 1LOSS ACTUAL LOSS
IH,, PRESTART RATE DURING RUN RESUPPLY OF RUN TANK LOSS OF THRUST DUE
ILL TANK REFILL WOULD NOT BE POSSIBLE TO NERVA PUMP
CAVITATION

FIF
HIH
JiJ
LIL
oj}o
Qle
S|s
ulvu




1

FORM 830-376

F o TRANSLUNAR INJECTION

J @ APOLUNE PLANE CHANGE

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

0 e T
RELIABILITY FAILURE EFFECT ANALYSIS G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING ;&Aa%%g::ig%%’:z‘;ﬂoN—lDLE MODE
MISSION: LUNAR SHUTTLE r;a%%gsﬁ;g%%};&gior«—mw MODE L @ CIRCULARIZE AT TARGET ALTITUDE Q o APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
CLASS: 1~HYBRID H o INSERTION INTO ELLIPTICAL LUNAR ORgiT M PULSED AFTERCOOLING R PULSED AFTERCOOLING vV PULSED AFTERCOOLING
MODULE: PROPULSTON | PULSED AFTERCOOLING LUNAR ORBIT OPERATIONS S o TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS
SYSTEM:  PROPELLANT FILL, IH, FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON ANS MISSION OR SPACECRAFT
25.09-11
CHECK VALVE, LH2 PROVIDE UNIDIRECTIONAL 1. FAILURE TO ACTUAL LOSS F | F] ACTUAL 1OSS ACTUAL 10SS
PRESTART REFILL FLOW IN FILL DUCTING OPEN RESUPPLY OF RUN TANK H |H} 10OSS OF THRUST DUE TO
DURING RUN TANK WOULD NOT BE POSSIBLE J | J| NERVA PUMP CAVITATION
REFILL LiL
0}0
Qle
SIS
ulu
2. FAILURE TO NONE - FAILURE(S) NOT NONE NONE
CLOSE CONSIDERED SIGNIFICANT
3. LEAKAGE




al

FORM S20-376

. F o TRANSLUNAR INJECTION J 6 APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT T  PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS HIDCOURSE CORRECTION~IDLE MODE
G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING TRAMSEARTH COAST

- MIDCOURSE CORRECTION—IDLE MODE .
| DAISSION: LUNAR SHUTTLE TRANSLUNAR COAST L e CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE

: o EARTH ORBIT CAPTURE
- : £ FTER 3
CLASS: 1-HYBRID INSERTION INTO ELLIPTICAL LUNAR ORarr @ FULSED AFTERCOOLING PULSED AFTERCOOLIN PULSED AFTERCOOLING

MODULE:  PROPULSION PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS TRANSEARTH INJECTION ORBIT RESUPPLY AND C/O GPERATIONS
SYSTEM: PROPELIANWT FILL, LH2 FAILURE EFFECT ON FAILURE EFFECT OM '
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RKS MISSION OR SPACECRAFT

25.09-12
SPRAY NOZZIE, TRANSFORM INTO 1, CLOGGED ACTUAL LOSS

1H,, PRESTART FINE MIST SFRAY ABILITY TO FILL PROPULSION
RE%ILL DURING RUN TANK REFILL MODULE WOULD BE LOST

ACTUAL LOSS ACTUAL 10SS
LOSS OF THRUST DUE
TO NERVA PUMP
CAVITATION

OO MmN
GROOoOHYy T
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FORM 830-375

RELIABILITY FAILURE EFFECT ANALYSIS

G

MISSION: LUNAR SHUTTLE

CLASS: 1-HYBRID
#0DULE: PROPULSION

| SYSTEM:
ITEM

PROPELLANT FILL, 1H,

F o TRANSLUNAR INJECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSLUNAR COAST

J @ APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING

M PULSED AFTERCOOLING

H o INSERTION INTO ELLIPTICAL LUNAR ORBIT

FUNCTION

PULSED AFTERCOOLING

FAILURE TYPE/MODE

N LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

L e CIRCULARIZE AT TARGET ALTITUDE

“ » 0 © O

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING
APOLUNE PLANE CHANGE
PULSED AFTERCOOLING
TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

% < C

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE

TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

25.09-13
LEVEL SENSORS,

B

SENSE 1H, LEVEL IN
PROPULSTON MODULE AND
SEND COMMAND SIGNALS
THAT ENERGIZE FLOW
CONTROL VALVES { ~-03,-0k)
DURING POWER PHASES.

OUTPUT WHEN
NOT REQUIRED

NO OUTPUT
WHEN REQUIRED

NONE
REDUNDANCY IS PROVIDED

NONE

NONE




174

RELIABILITY FAILURE EFFECT ARALYSIS

| AAISSION: LUNAR SHUTTLE
| CLASS:  1-HYBRID
| MODULE: PROPUISION

SYSTE#M: TLIGHT VENT, GH2

ITEM

FUNCTION

F o THANSLUNAR INJECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE ODE
TRANSLUNAR COAST

H e INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

FAILURE TYPE/MODE

§ & APOLUNE PLANE CHANGE

K PULSED AFTERCOOLING

L e CIRCULARIZE AT TARGET ALTITUDE
] PULSED AFTERCOOLING

N LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LUNAR ORBIT

-

PULSED AFTERCOOLING
APGLUNE PLANE CHANGE
PULSED AFTERCOOLING

TRANSEARTH INJECTION

o

£ «

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

25,11-01,-03,-0k4,~05
[ pucTmvg,
FLIGHT VENT, GH,

PROVIDE VENT LINE
FROM PROPULSION
MODULE ULLAGE T0O
OVERBOARD VENT
NOZZLES

1.

LEAKAGE

POSSIBLE IOSS
INSUFFICTIENT ULLAGE
PRESSURE COULD CAUSE
NERVA PUMP TO CAVITATE
DURING POWER PHASES.
LOSS OF ULLAGE PRESSURE
DURING COAST PHASES
COULD DEGRADE ENGINE
COOLDOWN PERFORMANCE.

O e

e

Qe

R

S e
PHASE
F |F
G |G
H |H
I |
J T
K |K
L |L
M M
o |o
P {P
Q 19
R |R
S IS
[T T
U |U
v [V
| 2

POSSIBLE LOSS
THRUST CAPABILITY
MAY BE LOST.
INABILITY TO PERFORM
ADEQUATE PULSED
AFTERCOOLING DURING
COAST PHASES COULD
RESULT IN ENGINE
DESTRUCTION.

POSSIBLE LOSS

INABILITY TO COMPLETE

TRANSFER OPERATION
IN TH ORBIT

POSSIBLE LOSS

POSSIBLE LOSS

RNS MAY NOT BE
AVATLABLE FOR

MISSION




Sl

FORAM 830-375

F @ TRANSLUNAR INJECTION

J e APOLUNE PLANE CHANGE

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

O e T
LYSIS -
RELIABILITY FAILURE EFFECT ANALY PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING ?Aa%%g:%ig%%ﬁﬁﬂm‘ IDLE MODE
MIDCOURSE CORRECTION—IDLE MODE
MISSION: LUNARSHUTTLE TRANSLUNAR COAST L e CIRCULARIZE AT TARGET ALTITUDE Q e APOLUNE PLANE CHANGE u EARTH ORBIT CAPTURE
CLASS: %&giﬁgm} INSERTION INTO ELLIPTICAL LUNAR ORBIT " PULSED AFTERCOOLING R PULSED AFTERCOOLING v PULSED AFTERCOOLING
MQDUU—? PLIGHD VENT. G PULSED AFTERCOOLING LUNAR ORBIT OPERATIONS S o TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS
SYSTEM: > Gy FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON ANS MISSION OR SPACECRAFT
25.11-02
QUAD VALVES (1 set) CONTROL GH, VENTING OF 1. FAILURE TO OPEN NONE NONE NONE
FLIGHT VENT RNS PROPULSION MODULE. 2. FAILURE TO THE QUAD VALVE SET
CH, REMAIN OPEN CONTAINS TWO SUBSETS
3. FATLURE TO CLOSE OF VALVES IN SERIES
4, FAILURE TO AND PARALLEL TO EACH
REMAIN CLOSED OTHER.
5. LEAKAGE POSSIBLE LOSS F | F| POSSIBLE L0SS POSSIBLE I(BS
INSUFFICIENT ULIAGE G |G| THRUST CAPABILITY MAY
PRESSURE COULD CAUSE H |H]| BE LosT
VA P A
DURTNG POVER PRASES. 7 | 7| mapriTy w0 PERRORM
ADEQUATE PULSED AFTER-
L0SS OF ULLAGE PRESSURE K {K
DURING COAST PHASES L | 1| COOLING DURING COAST
COULD DEGRADE ENGINE p |y | CHASES COULD RESULT IN
COOLDOWN PERFORMANCE. 0 | o ENGINE DESTRUCTION.
PP
QlQ
R |R
s |s
T jT
v lu
v {v
W {W | POSSIBLE LOSS POSSIBLE LOSS
IRABILITY TO COMPLETE RNS MAY NOT
1H, TRANSFER BE AVAILABLE

OPERATION IN EARTH
ORBIT.

FOR MISSION.
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RELIABILITY FAILURE EFFECT ARALYSIS

| ISSION: LUNAR SHUTTLE
| cLass:
| MODULE:

1-HY BRIy

PROPULSTOHN
SYSTEM:
ITEM

FLIGHT VENT, GH2

FUNCTION

F e TRANSLUNAR INJECTION

G

PULSED AFTERCOOLING
HIDCOURSE CORRECTION-IDLE MODE
TRANSLUNAR COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIY

PULSED AFTERCOOLING

FAILURE TYPE/MODE

e APOLUNE PLANE CHANGE
PULSED AFTERCOOLING

& CIRCULARIZE AT TARGEY ALTITUDE
PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

IMSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING
APOLUNE PLANE CHANGE
PULSED AFTERCOOLIRG

& TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

MIDCOURSE CORRECTION-IDLE MODE
TRANBEANTH COAST

EARTH OHBIT CAPTURE

PULSED AFTEACOOLING

ORBIT RESUFPLY AND C/O OPERATIONS

FAILURE EFFECT OH
HISSION OR SPACECRAFT

25.11-06,-07
NOZZLES, FLIGHT
| VENT, GH,

TO IMPART A PROPULSIVE
FORCE WHEN GH, IS
VENTED FROM TﬁE
PROPULSION MODULE

NONE

RONE




L

FORM 830-376

F e TRANSLUNAR INJECTION J o APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT

RELIABILITY FAJLURE EFFECT ANALYSIS

0 e T PULSED AFTERCOOLING
G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING A RORRECTION-IDLE MODE
#ISSION: LUNAR SHUTTLE e CORRECTION-IDLE MODE L e CIRCULARIZE AT TARGET ALTITUDE Q o APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
gb%sji& %ﬁggﬁgm H o INSERTION INTO ELLIPTICAL LUNAR ORBIT ': :::S:: ::;ET";::R"A':‘_?ONS : . :‘;:S:S': :::?Iﬁ?:;:fﬂ V  PULSED AFTERCOOLING
SYSTEM: APS | PULSED AFTERCOOLING W ORBIT RESUPPLY AND C/O OPERATIONS
' FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

26,01-01

QUAD VALVES (1 set) PROVIDE SHUTOFF 1. TFAILURE TO OPEN NONE NONE NONE
G, CAPABILITY BETWEEN 2, FAILURE TO THE QUAD VALVE SET

PROPULSION MODULE REMAIN OPEN CONTAINS TWO SUBSETS

PRESSURIZATION SYSTEM 3. FAILURE TO CLOSE OF VALVES IN SERIES

AND APS, L. FAILURE TO AND PARALLEL TO

REMAIN CLOSED EACH OTHER.

5. LEAKAGE POSSIBLE LOSS F|F | POSSIBIE 10SS PCSSIZLE LOSS
ABILITY TO CONTROL ULIAGE H |1 | THRUST CAPABILITY MAY BE
PRESSURE MAY BE LOST. I | vosr.
INSUFFICTENT ULLAGE PRESSURE A b
COULD CAUSE NERVA PUMP TO olo
CAVITATE DURING POWER PHASES. ale
LEAKAGE DURING EARTH ORBIT sis
MANEUVERS COULD DEPIETE APS uju
GH, SUPPLY
v v | POSSIBLE Loss POSSIBLE LOSS
TOSS OF RNS ATTITUDE RNS MAY NOT BE
CONTROL DURING EARTH AVATLABLE FOR

ORBIT OPERATIONS (PHASE W). MISSION.




8L

RELIABILITY FAILURE EFFECT ANALYSIS

HISSION: LUMAR SHUTTLE

|| CLASS:  1-HYBRID

WODULE: PROPULSION

| SYSTEM: APS

ITEM

FUNCTION

& TRANSLUNAR INJECTION & APOLUNE PLANE CHANGE

PULSED AFTERCCOLING PULSED AFTERCOOLING

MIDCOURSE CORRECTION-IDLE MODE

TRANSLUNAR COAST e CIRCULARIZE AT TARGET ALTITUDE
PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LURAR ORBIT
PULSED AFTERCOOLING

IHSERTION INTO ELLIPTICAL LUMAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLARE CHARGE

PULSED AFTERCOOLING

TRANSEAATH INJECTION

PHASE FAILURE EFFECT ON RNS

PULSED A cO

MIDCOURSE CORRECTION~IDLE MODE

TRAMSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/0 OPERATIONS

FAILURE EFFECT ON

MISSION OR SPACECRAFT

26.01-02,-03 ,~Ok
-06,-08,-10

DUCTING,

Ggg PROPELLANT ,

A

PROVIDE FLOW PATH
FOR APS GH,
PROPELLANT

POSSIBLE LOSS
ABILITY TO PROVIDE
SUFFICTENT GASEOUS
HYDROGEN TO APS
ENGINE(S) COULD BE
DEGRADED.

POSSIELE _LOSS
TOSS OF RNS ATTITUDE
CONTROL DURING EARTH
ORBIT OPERATIONS (PHASE W).

SINCE APS SYSTEM IS PRESSUR-
IZED DURING PHASE U, LINE
LEAKAGE CAN ONLY OCCUR
DURING THE IAST THREE
MISSION PHASES (U, V, W).

POSSIBLE 10SS
RNS MAY NOT
BE AVAILABLE
FOR MISSION




6L

FORM B30~37

F e TRANSLUNAR INJECTION J e APOLUNE PLANE CHANGE

o INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

o T
RELIABILITY FAILURE EFFECT ANALYSIS 6 PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING ;A]liriciggig:;g%%:ggrnon-lme MODE
MISSION: LUNAR SHUTTLE R CORRECTION-IDLE MODE L e CIRCULARIZE AT TARGET ALTITUDE Q o APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
cus «+ ot e oo 1 e 1 s s ooviakets
| oveTEm, APS I PULSED AFTERCOOLING W ORBIT RESUPPLY AND C/O OPERATIONS |
: FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT QM RNS MISSION OR SPACECRAFT
26.01-05
STORAGE SPHERE(S), PROVIDE STORAGE FOR 1. LEAKAGE POSSIBLE LOSS U POSSIBLE LOSS POSSIBLE LOSS
- GHQ, APS GH, PROPELLANT TO BE ABILITY TO PROVIDE SUFFICIENT v LOSS OF RNS ATTITUDE RNS MAY NOT BE
USED DURING EARTH GASEOUS HYDROGEN TO APS W |W | CONTROL DURING EARTH AVATLABLE FOR

ORBIT APS OPERATIONS.

ENGINE(S) COULD BE DEGRADED.

ORBIT OPERATIONS (PHASE W).

STORAGE SPHERE(S) ARE
LOADED DURING INSERTION
INTO CIRCULAR EARTH ORBIT
(PHASE U) - CONSEQUENTLY ,
FAILURE MODE CAN ONLY
OCCUR DURING PHASES U, V,
AND W.

MISSION.




IHEERTION INTO ELLIFTICAL LUNAR ORBIT PULSED AFTERCOULING
Bl PEODE
PULSED AFTERCOULING ?ﬁDQQWU% g%:)z&mi (OR-IBLE

APOLUNE PLANE CHANGE

F o TRANSLUNAR INJECTION J & APOLUNE PLANE CHANGE

PULSED AFTERCOOLING K PULSED AFTERCOOLING

v: MIDCOURSE CORRECTION-1DLE MODE :
| BAISSION: LUNARSHUTTLE TRANSLUNAR COAST L & CIRCULARIZE AT TARGET ALTITUDE

7 EABTH ORBIT CAPTURE
L CL,ASS - JP';{%%{BJ?SH]):OF INSERTION INTO ELLIPTICAL LUNAR ORBIT L PULSED AFTERCOOLING PULSED AFTERCOOLING PULEED AFTERCODLING e
MODULE: + * PULSED AFTERCOOLING N LUNAR ORBIT OGFERATIONS TRANSEARTH INECTION GRBIT RESUPPLY AND C/O UFERATIONS |
| SYSTEM: FAILURE EFFECT ON FAILURE EFFECT O .
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANGE PHASE FAILURE EFFECT ON ANS MISSION OR SPACECRAET

RELIABILITY FAILURE EFFECT ANALYSIS

L I« T A v}

26.,01-07
RELIEF VALVE, PREVENT OVERPRESS- . FATILURE TO OPEN NONE - NOT APPLICABLE TO A
GHE STORAGE, URIZATION OF APS . FAILURE TO R. OPEN | SINGLE FAILURE ANALYSIS AS
AP, GH, STORAGE SPHERE(S) FATIURE TO-CLOSE THESE MODES OF FAILURE ARE
DEPENDENT ON THE INITIAL
OCCURRENCE OF THOSE SYSTEM
FATLURE(S) THAT CAUSE SYSTEM
OVERPRESSURIZATION.

FATILURE TO ACTUAL 1.0SS ACTUAL 1OSS

REMAIN CLOSED SUPPLY OF GH, PROPELLANT T0SS OF RNS ATTITUDE

FOR EARTH ORBIT APS CONTROL DURING EARTH ORBIT
USAGE WOULD BE DEPLETED. OPERATIONS (PHASE W).

THE RELIEF MODE CAN FAIL

TO REMATN CLOSED DURING

ANY MISSION PHASE BUT

WILL ONLY HAVE AN EFFECT
DURING EARTH ORBIT (PHASE W).

POSSIBLE LOSS POSSIBLE LOSS POSSIBLE LOSS
SUPPLY OF GH, PROPELLANT LOSS OF RNS ATTITUDE CONTROL RNS MAY NOT BE
FOR EARTH ORBIT APS USAGE DURING EARTH ORBIT OPERATIONS AVATLABLE FOR
WOULD BE DIMINISHED (PHASE W). SINCE Is
STORED IN SPHERES DURING
PHASE U, VALVE LEAKAGE CAN
ONLY OCCUR DURING AND AFTER
INSERTION INTO CIRCULAR
EARTH ORBIT.

Hdo <ogHNODOWORURUHEIQ
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FORM 830-378

RELIABILITY FAILURE EFFECT ANALYSIS

F e THANSLUNAR INJECTION

4 @ APOLUNE PLANE CHANGE

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

0 MIDCOURSE CORRECTION—IDLE MODE
G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING TRANSEARTH COAST
MISSION: LUNAR SHUTTLE ?Aﬂ%%fﬁiig%%’fsﬁ:”o"“m"s MODE L o CIRCULARIZE AT TARGET ALTITUDE Q e APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
CLASS: 1-HYBRTD H o INSERTION INTO ELLIPTICAL LUNAR ORmiT M  PULSED AFTERCOOLING R FULSED AFTERCOOLING vV PULSED AFTERCOOLING '
MODULE: PROPULSION T PULSED AFTERCOOLING LUNAR ORBIT OPERATIONS S o TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS |
SYSTEM: APs FAILURE EFFECT ON FAILURE EFFECT ON
| {TEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
26,01-09
GROUND FILL FILL VALVE IS USED 1. FAILURE TO OPEN NONE - VALVE IS REQUIRED NONE NONE
VALVE, GH TO LOAD APS GH 2, FAILURE TO TO OPERATE DURING
STORAGE, STORAGE SPHERE%S) REMAIN OPEN GROUND OPERATIONS ONLY
DURING GROUND 3. FAILURE TO CLOSE
OPERATIONS.
L, FATILURE TO NONE - VALVE IS IN SERIES NONE NONE
REMAIN CLOSED WITH -11 CHECK DISCONNECT
5. LEAKAGE POSSIBLE LOSS U W| POSSIBIE L0OSS POSSIBLE LOSS
SUPPLY OF GH, PROPELLANT V| W| LOSS OF RNS ATTITUDE RNS MAY NOT
FOR EARTH ORBIT APS USAGE W | W| CONTROL DURING EARTH BE AVAILABLE

WOULD BE DIMINISHED

ORBIT OPERATIONS (PHASE W).

SINCE GH, IS STORED IN
SPHERES DURING PHASE U,

FILL VALVE IS SUSCEPIIBLE
T0O LEAK MODE DURING

U, V AND W MISSION PHASES
ONLY .

FOR MISSION.




RELIABILITY FAILURE EFFECT ANALYSIS

 MISSION: LUNAR SHUTTLE
| CLASS: 1-HYBRID

| MODULE; PROPULSIOH
| SYSTEM: APS

ITEM

FUNCTION

F & TRANSLUNAR INJECTION

G

PULSED AFTERCOQLING
MIDCOURSE CORARECTION-IDLE MODE
TRANSLUNAR COAST

INSERTION INTO ELLIPTICAL LURAR ORBIT
PULSED AFTERCOOLING

FAILURE TYPE/MODE

4 & APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L @ CIRCULARIZE AT TARGET ALTITUDE
B PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTO ELLIPTICAL LURAR ORBIT
PULSED AFTERCOOLING

AFOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS
FAILURE EFFECT ON

MISSION OR SPACECRAFY

26.01-11

GROUND FILL
CHECK DISCONNECT,
f_gE STORAGE

CONNECTS RNS GH
STORAGE TO GRO
DURING APS FILL

NONE - DISCONNECT IS
IN SERIES WITH -09
FILL VALVE
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FORM 830-375

F e TRANSLUNAR INJECTION

J e APOLUNE PLANE CHANGE

INSERTION INTO ELLIPTICAL LUNAR ORBIT

—

PULSED AFTERCQOLING

O e
RELIABILITY FAILURE EFFECT ANALYSIS 6 PULSED AFTERCOOLING K PULSED AFTERCOOLING »  PULSED AFTERGOOLING 1@:‘2%%22:?5%%15;“0»40& MODE
MISSION: LUNAR SHUTTLE g‘;‘i‘i‘%‘:zf‘igoc%ﬁ?'o""o"e MODE L e CIRCULARIZE AT TARGET ALTITUDE Q e APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
CLASS: 1-HYBRTD H o INSERTION INTO ELLIFTICAL LUNAR oRgit M PULSED AFTERCOOLING R PULSED AFTERCOOLING vV  PULSED AFTERCOOLING
| | MODULE:  PROPULSION | PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS § o TRANSEARTH INIECTION W ORBIT RESUPPLY AND C/O OPERATIONS
| SYSTEM:  APS FAILURE EFFECT ON FAILURE EFFECT ON
' {TEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
26.01-12,-13
| CONTROL VAIVES, TSOLATE AND CONTROL 1. FAILURE TO OPEN NONE NONE NONE
Ggg STORAGE, FLOW OF GH, BETWEEN 2. FAILURE TO ABILITY TO PROVIDE GH2
A GHp STORAGE SFHERES REMATN OPEN PROPELIANT TO APS
AND APS ENGINE(S) ENGINES CAN BE ACHIEVED
QUAD VALVE SETS. BY OPENING THE -12 OR -13
VALVE.
3. FAILURE TO CLOSE NONE NONE NONE
Lk, FAILURE TO G PROPELIANT WILL NOT BE
REMATN CLOSED LOST AS CONTROL VALVES ARE
IN SERIES WITH APS ENGINE(S)
QUAD VALVE SETS.
5. LEAKAGE POSSIBLE LOSS U POSSIBLE LOSS POSSIBLE 108S
ABTLITY TO PROVIDE v 1.0SS OF RNS ATTITUDE RNS MAY NOT BE
SUFFICIENT GASEOUS \ CONTROL DURING EARTH AVATIABLE FOR

HYDROGEN TO APS
ENGINE(S) COULD BE
DEGRADED

ORBIT OPERATIONS (PHASE W).
SINCE APS SYSTEM IS
PRESSURIZED DURING PHASE
U, VALVE LEAKAGE CAN

ONLY OCCUR DURING THE

TAST THREE MISSION

PHASES (U, V, W).

MISSION




RELIABILITY FAILURE EFFECT ANALYSIS

| JAISSIOR: LUNAR SHUTTLE
| CLass: 1-HYBRID
WMODULE: PROPULSION
| SYSTEM: APS

ITEM

G

FUNCTION

F & TRANSLURAR IRJECTION

PULSED AFTERCOOLING
HMIDCOURSE CORRECTIOR-IDLE MODE
TRANSLUNAR COAST

INSERTION INTO ELLIPTICAL LUNAR GRBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

4 & APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L e CIRCULARIZE AT TARGET ALTITUDE
b4 PULSED AFTERCOOLING
N LUNAR ORBIT CPERATIONS
FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

IHSERTION INTO ELLIPTICAL LURAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH RIECTION

PHASE

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
HIDCOURSE CORRECTION~IDLE BODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING -
ORBIT RESUPPLY ARD C/O CPERATIONS |
FAILURE EFFECT OK P
FAISSION OR SPACECRAFT

26.01-18-19

£ QUAD VALVES (2 sets),
GH, FEED, APS
PITCH CONTROL

REGULATES THE FLOW OF
PROPELLANT TO THE PITCH
CONTROL ENGINES, -20 AND
-21

FAILURE TO OPEN
FATLURE TO
REMAIN OPEN
FAILURE TO CLOSE
FAILURE TO
REMAIN CLOSED

LEAKAGE

NONE

FACH QUAD VALVE SET
(-18 and -19) CONTAINS
TWO SUBSETS OF VALVES
IN SERIES AND PARALLEL
TO EACH OTHER.

POSSIBLE LOSS
ABILITY TO FPROVIDE
SUFFICIENT GASEOUS
HYDROGEN TO APS
PITCH CONTROL ENGINES
COULD BE DEGRADED,

POSSIBLE LOSS

I0SS OF RNS PITCH

CONTROL DURING EARTH

ORBIT OPERATIONS (PHASE W).
EVEN THOUGH APS PROPELLANT
IS STORED DURING INSERTION
INTO EARTH ORBIT (PHASE U),
QUAD VAIVE IEAKAGE

CANNOT OCCUR UNTIL

MISSTON PHASE W WHEN THE
UPSTREAM APS CONTROL VALVE
(-12 or -13) IS COMMANDED
OPEN.

POSSIBLE 1.0SS
RNS MAY NOT
BE AVAITLABLE
FOR MISSION




RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE

CLASS: 1-HYBRID
{| MDDULE:  PROPULSION
| SYSTEM:  APS
ITEM

F o TRANSLUNAR INJECTION

G PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE

TRANSLUNAR COAST

H o INSERTION INTO ELLIPTICAL LUNAR ORBIT
I PULSED AFTERCOOLING

FUNCTION

FAILURE TYPE/MODE

4 @ APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L e CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

“w 3 O T O

® INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING
® APOLUNE PLANE CHANGE

PULSED AFTERCOOLING
© TRANSEARTH INJECTION

PHASE

E < cC

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE CORRECT!ION-IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPFERATIONS

FAILURE EFFECT ON
MISSION QR SPACECRAFT

26,01~1k4,-15,-22,
-23

QUAD VALVES (L sets),

GH, FEED,

APS YAW AND

ROLL CONTROL

REGULATES THE FLOW OF 1.
PROPELLANT TO THE YAW 2
AND ROLIL CONTROL
ENGTNES, -16,-17,-2k 3.
AND -25. L,

FATLURE TO OPEN
FATLURE TO
REMAIN OPEN
FATLURE TO CLOSE
FATLURE TO
REMATN CLOSED

LEAKAGE

NONE

EACH QUAD VALVE SET
(-1h4, -15, -22 and -23)
CONTAINS TWO SUBSETS
OF VALVES IN SERIES AND
PARALLEL TO FACH OTHER

POSSIBLE LOSS

ABILITY TO PROVIDE
SUFFICIENT GASEQUS
HYDROGEN TO APS YAW

AND ROLIL CONTROL ENGINES
COULD BE DEGRADED.

NONE

POSSIBIE 10SS

TOSS OF RNS YAW AND

ROLL CONTROL DURING

EARTH ORBIT OPERATIONS

(PHASE W). EVEN THOUGH

APS' PROPELIANT IS

STORED DURING TINSERTION

INTO EARTH ORBIT (PHASE U),
QUAD VALVE LEAKAGE

CANNOT OCCUR UNTIL

MISSION PHASE W WHEN THE
UPSTREAM APS CONTROL

VALVE (-12 OR -13) IS COMMANDED
OPEN.

NONE

POSSIBLE LOSS
RNS MAY NOT BE
AVAIIABLE FOR
MISSION




F e TRANSLUNAR INJECTION § & APOLUNE PLANE CHAMNGE INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
. \ MIDCOURSE CORRECTION— $4ODE
G PULSED AFTERCOOLING PULSED AFTERCOOLING PULSED AFTERCOOLING TRANSEARTH mi;s?r ioLE
HIDCOURSE CORRECTION=IDLE MODE
HISSION: LUNAR SHUTTLE TRANSLUNAR COAST CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE

RELIABILITY FAILURE EFFECT ANALYSIS

B EARTH ORBIT CAPTURE
: - TERCOOLIN
' zlé%slflfi %Rg%BmRIDSI oN INSERTION INTO ELLIFFICAL LUNAR ORBIT FULSED AFTERCOOLING FULSED AP ¢ PULSED AFTERCOOLING
o : N .

APS PULSED AFTERCOOLING LURAR ORBIT OPERATIONS TRANSEARTH INJECTION ORBIT RESUFFLY AND TR0 GPERATIONS
FAILURE EFFECT ON FAILURE EFFECT ON .
FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

26.01-20,-21
ENGINES (2), PROVIDE THRUST
APS, FOR PITCH CONTROL
PITCH CONTROL DURING EARTH
ORBIT OPERATIONS

26-01-16,-17,
-2k, -25
ENGINES (b), PROVIDE THRUST FOR
APS, YAW AND ROLL

YAW AND ROLL CONTROL DURING
CONTROL FEARTH ORBIT
OPERATIONS .
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FORM 830378 ] _

F e TRANSLUNAR INJECTION J e APOLUNE PLANE CHANGE o [INSERTION INTO ELLIPTICAL LUNAR ORBIT T PULSED AFTERCOOLING

o
RELIABILITY FAILURE EFFECT ANALYSIS MIDCOURSE CORRECTION—
G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING TRANSEARTH CT)RAESTT ON-IDLE MODE
MIDCOURSE CORRECTION—IDLE MODE
MISSION: LliNAH SHUTTLE TRANSLUNAR COAST L o CIRCULARIZE AT TARGET ALTITUDE O e APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
: - R PULSED AFTERCOOLING
CLASSLE C@mggRﬁD CONTROL H o INSERTION INTO ELLIPTICAL LUNAR ORBIT M PULSED AFTERCOOLING : wooLme v PULSED AFTERCOOLING
MODULE: | PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS ¢ TRANSEARTH o W ORBIT RESUPPLY AND C/O OPERATIONS

SYSTEM: AUXTLIARY PROPULSION FAILURE EFFECT ON FAILURE EFFECT ON

ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01.01-01
ENGINES (20), TO MIX AND IGNITE THE 1. BURN THROUGH ACTUAL LOSS F | F|ACTUAL 10SS ACTUAL LOSS
APS PROPELLANTS AND EJECT HOT GAS WILL ESCAPE g g STRUCTURAL DAMAGE
THE COMBUSTION PRODUCTS IN UNCONTROLLED § § DUE TO FIRE
THROUGH A CONVERGENT/ CONDITION RESULTING IN IIE IIE
DIVERGENT NOZZIE, FIRE AND EXPLOSTION IEADING g g
EACH ATTITUDE CONTROL TO LOSS OF THE RNS. ; g,
COMMAND (i.e., ROLL CONTROL g g 2
1EFT) MAY BE PERFORMED BY 'fr 'trr |
viv

ONE OF TWO ENGINES

!
=

WIACTUAL LOSS ACTUAL L0OSS

REDUNDANT TO EACH OTHER.

STRUCTURAL DAMAGE LOSS OF RNS

DUE TG FIRE




. v F o TRANSLUNAR INJECTION J & APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS

HMIDCOURSE CORRECTION-IDLE MODE
G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING TRt anTh Coasy
BISSION: LUNAR SHUTTLE MIDCOURSE CORRECTION-IDLE MODE L o CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE
T ee HYRRTD TRANSLUNAR COAST oL EARTH GRBIT CAPTURE
| . 1 5 e N » PULSED AFTERCOOLING
| CLASS: D AND CONTROL INSERTION INTO ELLIFTICAL LUNAR ORBIT 0 TULSED AFTERCOOLING PULSED AFTERCOOLING
. MODULE: COMMAND AND CONTRO N LUNAR ORBIT OPERATIONS TRANSEARTH INJECTION

SYSTEM: AUXILIARY PROPULSION PULSED AFTERCOOLING W ORBIT RESUPPLY AND C/O OPERATIONS |

FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

36.01.01-02

IGNITER(20), PROVIDE IGNITION 1. FAILURE TO NONE NCOKE

APS SOURCE FOR O2H2 ENERGIZE EACH ENGINE SUBSYSTEM REDUNDANCY IS PROVIDED

MIXTURE CONTAINS REDUNDANT IGNITERS




FORM 830376

F o TRANSLUNAR INJECTION 4 e APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING

MIDCOURSE CORRECTION-I €
G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING " RREC DLE MOD
TRANSEARTH COAST
MIDCOURSE CORRECTION~IDLE MODE
MISSION: LUNAR SHUTTLE e L ® CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE EARTH OREBIT CAPTURE
.1 - YR PULSED AFTERCOOLING

CLASS: COI\MI—\T; 1I\1“)D CONTROL INSERTION INTO ELLIPTICAL LUNAR ORgiT M PULSED AFTERCOOLING Y JECTION PULSED AFTERCOOLING

. 1 N ) 1
MODULE: b &o . PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS TRANSEARTH INJECT! ORBIT RESUPPLY AND C/O OPERATIONS |
SYSTEM: AUXILIARY FROPULSION

: FAILURE EFFECT ON FAILURE EFFECT ON

ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

RELIABILITY FAILURE EFFECT ANALYSIS

36.01.01-03
ENGINE CONTROL NORMALLY OPEN SOLENCID 1. FAILURE TO OPEN NONE NONE

VALVES , NORMALLY VALVES WHICH DIRECT THE 2. FAILURE TO CLOSE FEACH ENGINE SUBSYSTEM CONTAINS REDUNDANCY IS PROVIDED
(27) OPEN GHZ GH2 FROM THE REGULATORS 3. LEAKAGE REDUNDANT VALVES
TO THE FUEL SIDE OF THE

ENGINE SUBSYSTEM




06

BELIABILITY FAILURE EFFECT ANALYSIS F o TRANSLUNAR INECTION

HISSION: LUNAR SHUTTLE

|| CLASS:  + - HYERID
. MODULE: COMMAND AND CONTROL

SYSTEM:
ITEM

G PULSED AFTERCOOLING
HIDCOURSE CORRECTION~IDLE MODE

TRANSLUNAR COAST

AUXILTARY PROPULSION

FUNCTION

&
(NSERTION INTO ELLIPTICAL LUNAR ORBIT *
i PULSED AFTERCOOLING N

FAILURE TYPE/MODE

§ & APOLUNE PLANE CHANGE

® PULSED AFTERCOOLING

L e CIRCULARIZE AT TARGEY ALTITUDE
PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

“w D DT O

PHASE

INSERTION INTO ELLIPTICAL LUNA

BT

PULSED AFTERCOOLING
APOLUNE PLANE CHANGE
PULSED AFTERCOOLING
TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE BODE
TRANSEARTH COAST

EARTH ORBIT CAFTURE
PULSED AFTERCOOLING -
ORBIT RESUPPLY AND C/O OPERATIONS

FAfLURE EFFECT ON
MISSION OR SPACECRAFT

36.01.01-0hb
ENGINE CONTROL
VALVES, NORMALLY

CLOSED, GHZ (20)

NORMALLY CLOSED SOLENOID
VALVES WHICH DIRECT THE
GH2 FROM THE REGULATORS TO
THE FUEL SIDE OF THE ENGINE

SUBSYSTEM

~
4.

=%

3.

FATLURE TO OPEN

FAILURE TO CLOSE

LEAKAGE

NONE

EACH ENGINE SUBSYSTEM

CONTAINS REDUNDANT VALVES

POSSIBLE LOSS

DEPLETION OF APS FUEL SUPPLY

EdgHnwOYORHRagHETAaY

TG ARO ™o =R -6

NONE

REDUNDANCY IS PROVIDED

POSSIBLE 10SS

LOSS OF ATTITUDE CONTROL

POSSIBLE LOSS
LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

NONE

POSSIBLE LOSS

POSSIBLE LOSS
RNS MAY NOT BE AVAILABLE

FOR MISSION
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RELIABILITY FAILURE EFFECT ANALYSIS

ITEM

G
| MISSION: LUNAR SHUTTLE
CLASS: 1 - HYBRID "
MODULE: COMMAND AND CONTROL .
SYSTEM: AUXILIARY PROPULSION

FUNCTION

F o TRANSLUNAR INJECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IOLE MODE
TRANSLUNAR COAST

K

L e CIACULARIZE AT TARGET ALTITUDE

M

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

J @ APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON

SUBSYSTEM PERFORMANCE

INSERTION {NTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

@ TRANSEARTH INJECTION

“ 3 O v O
®

PHASE FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.,01-05

ENGINE CONTROL

VALVES, NORMALLY

OFEN, Go2 (20)

NORMALLY CIOSED SOLENOID

VALVES WHICH DIRECT THE GO2

FROM THE REGULATORS TO THE

OXIDIZER SIDE OF THE

ENGINE SUBSYSTEM

1. FAILURE TO OPEN

NONE

NONE

HONE

2. TFAILURE TO CLOSE

3. LEAKAGE

FACH ENGINE SUBSYSTEM CONTAINS

REDUNDANT VALVES

REDUNDANCY IS PROVIDED




FORM 830-376

RELIABILITY FAILURE EFFECT ANALYSIS

G
MISSION: LUNAR SHUTTLE

CLASS: 1 - HYBRID

MODULE: COMMAND AND CONTROL

SYSTEM: AUXILIARY PROPULSION

ITEM FUNCTION

F e TRANSLUNAR INJECTION

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE

TRANSLUNAR COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

J e APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L e CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

PHASE FAILURE EFFECT ON RNS

T PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

U e EARTH ORBIT CAPTURE

v PULSED AFTERCOOLING

w ORBIT RESUPPLY AND C/O OPERATIONS g

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.01-06
ENGINE CONTROL NORMALLY CLOSED SOLENOID
VALVES , NORMALLY VALVES WHICH DIRECT THE
CLOSED, G02 (20) G02 FROM THE REGUIATORS TO
THE OXIDIZER SIDE OF THE

ENGINE SUBSYSTEM

1.
2.

3.

FAILURE TO OPEN
FAILURE TO CLOSE

LEAKAGE

NONE
EACH ENGINE SUBSYSTEM CONTAINS
REDUNDANT VALVES

POSSIBLE LOSS

DEPLETION OF APS OXIDIZER SUFPPLY

NONE

REDUNDANCY IS PROVIDED

POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

F P
¢ e
H |H
T |1
J
K
L
M
0
P
Q
R
5 |s
T |T
u |u
v |v
[ fw

POSSIBLE LOSS
LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE LOSS

POSSIBLE LOSS
RNS MAY NOT BE

AVAIIABLE FOR MISSION
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FORM 830-375

F o TRANSLUNAR INJECTION

J e APOLUNE PLANE CHANGE

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

O s T
EFFECT ANALYSIS _
AELIL Y EALORE BETEE G ruLsED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING HIDCOURSE CORRECTION-oLE MODE
MISSION: LUNAR SHUTTLE %i%%tsaig%ﬂo'fsﬁ.n()"_mm MODE L o CIRCULARIZE AT TARGET ALTITUDE Q e APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
CLASS: 1 - HYBRID M PULSED AFTERCOOLING R PULSED AFTERCOCLING
H e INSERTION INTO ELLIPTICAL LUNAR ORBIT vV PULSED AFTERCOOLING
Z\?sa‘lélff Eg%%}%ggwﬁgga | PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS S o TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS
: FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

36.01,01-07

DUCTING, GHZ, CONNECT ALL COMFONENTS OF 1. LEAKAGE POSSIBLE LOSS F { F{ POSSIBLE LOSS POSSIBLE LOSS
GG

APS THE 36.01.01 GH2 SYSTEM DEPLETION OF APS FUEL SUPPLY H | H| LOSS OF ATTITUDE CONTROL
Iz
J|J
K JK
LIL
MM
0{0
PIP
Qe
R {R
S is
T{T
U iU
Viv
W {W ] POSSIBLE LOSS POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

RNS MAY NOT BE

AVATILABLE FOR MISSION




| MODULE:

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
CLASS: 1 - HYBRID

SYSTEM:
ITEM

COMMAND AND CONTROL
AUXILIARY PROPULSION

FUNCTIOR

F ¢ TRANSLUNAR INJECTION

G

PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE
TRANSLUNAR COAST

INSERTION INTO ELLIFTICAL LUNAR ORBIT
PULSED AFTERCOOLING

FAILURE TYPE/MODE

4 & APOLURE PLANE CHANGE
K PULSED AFTERCOOLING
L & CIRCULARIZE AT TARGET ALTITUDE
B PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

IHSERTION IKTO ELLIPTICAL LURAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLARE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

SIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAFTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS B2

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.01-08
DUCTING, GO2,

APS

CONNECT ALL COMPONENTS
OF THE 36.01.01 GO2

SYSTEM

POSSIBLE 1OSS
DEPLETION OF APS

OXIDIZER SUPPLY

F
G
B
I
J
K
L
M
0
P
Q
R
]
T
U
v

=
=t

POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

<gHLIOWOTHKRyH TR

POSSIBLE 10SS
LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBIE 1OSS

POSSIBLE LOSS
RNS MAY NOT BE
AVAILABLE FOR

MISSION
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FORM 830-375

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNARSHUTTLE

CLASS: 1 - HYBRID
| MODULE: COMMAND AND CONTROL
SYSTEM: AUXILIARY PROPULSION

F o TRANSLUNAR INJECTION

G

PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE
TRANSLUNAR COAST

J e APOLUNE PLANE CHANGE

K PULSED AFTERCOOLING

L @ CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

LUNAR ORBIT OPERATIONS
FAILURE EFFECT ON

w DO YO

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

E < C

PULSED AFTERCOOLING
MIOCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS [
FAILURE EFFECT ON

ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01.02-01,-02
REGULATORS,, GH2 (2) | REGULATES THE GH2 1. EXCESSIVE PRESSURE | NONE NONE NONE

PRESSURANT GAS TO
THE APS ENGINES AND

HEAT EXCHANGERS

2. INADEQUATE

PRESSURE

THE REGULATORS ARE IN SERIES
WITH THE 36.01.02-03,-04 VALVES
NONE

THE REGULATORS ARE PARALLEL TO
EACH OTHER AND ONLY ONE IS

REQUIRED FOR SATISFACTORY

OPERATION,

REDUNDANCY IS PROVIDED




FORM 830-375

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUMAR SHUTTLE

CLASS: 1 - HYBRID

MODULE: COMMAND AND CONTROL
|| SYSTEM: AUXILIARY PROPULSION

\TEM

FUNCTION

TRANSLUNAR INJECTION

PULSED AFTERCOOLING
FADCOURSE CORRECTION-1DLE MODE
TRANSLUNAR COAST

INSERTION INTO ELLIPTICAL LUNAR CREIT
PULSED AFTERCOOLING

FAILURE TYPE/MODE

& APQLUNE PLARE CHANGE
PULSED AFTERCOOLING

PULSED AFTERCOOLING
LUNAR OREBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

w m> O T O

¥
K
£ @ CIRCULARIZE AT TARGET ALTITUDE
i
N

FAILURE EFFECT ON RNS

¥ o< O

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE
TAANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
FMISSION OR SPACECRAFT

36.01.02-03,-0k4

VALVES, GH,

NORMALLY OPEN
SOLENOID VALVES WHICH
DIRECT THE GH2
PRESSURANT GAS TO THE

-01 and ~-02 REGULATORS

1.

2,

3.

FAILURE TO OFEN

FATLURE TO CLOSE

LEAXAGE

NONE

THE VALVES ARE REDUNDANT IN
THE OPEN MODE

NONE

THE VALVES ARE IN SERIES TO

THE ~01, -02 REGULATORS

POSSIBLE LOSS

DEPLETION OF APS FUEL SUPPLY

2 <o HRNTOWORHRYHITOM
T RO RAD WO E N -G

NONE

REDUNDANCY IS PROVIDED

POSSIBLE 10SS

LOSS OF ATTITUDE CONTROL

POSSIBLE 10OSS
LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

NONE

POSSIBLE IOSS

POSSIBLE LOSS
RNS MAY NOT BE
AVATIABLE FOR

MISSION




L6

FOM 830-375

RELIABILITY FAILURE EFFECT ANALYSIS

| CLASS:
MODULE:
SYSTEM:

ITEM

MISSION: LUNAR SHUTTLE

1 - HYBRID
COMMAND AND CONTROL
AUXILIARY PROFPULSION

FUNCTION

G

F o TRANSLUNAR INJECTION

PULSED AFTERCQOLING

MIDCOURSE CORRECTION—IDLE MODE

TRANSLUNAR COAST

J e APOLUNE PLANE CHANGE

K PULSED AFTERCOOCLING

L o CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

“w » O v O|

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING
APQOLUNE PLANE CHANGE
PULSED AFTERCOOLING
TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36,01.02-05
DISCONNECT, GH2

GROUIND FILL

PROVIDE INTERFACE

WITH GROUND SUPPORT

EQUIPMENT TO APS

GH2 ACCUMULATOR

1. LEAKAGE

NONE
DISCONNECT IS IN SERIES
WITH THE 36.01,02-06

FILL VALVE

NONE

NONE




86

FORM 830-376

RELIABILITY FAILURE EFFECT ANALYSIS

FAISSION: LUNAR SHUTTLE
CLASS:
. MODULE:
| SYSTEM:

1 - HYBRID
COMMAND AND CONTROL
AUXTLIARY PROPUISION

ITEM FUNGTION

TRAMSLUNAR INJECTION $ » APOLUNE PLANE CHANGE

PULSED AFTERCOOLING K PULSED AFTERCOOLING
MIDCOURSE CORRECTION-1DLE MODE L & CIRCULARIZE AT TARGET ALTITUDE

TRANSLUNAR COAST '
P
INSERTION INTO ELLIPTICAL LUNAR oRgir M TULSED AFTERCOOLING

: LU 81 € s
PULSED AFTERCOOLING ] LUNAR ORBIT OPERATION

FAILURE EFFECT ON

FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE

PHASE

INSEATION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE CORRECTION~IDLE MODE
TRANSEARTH COAST
EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/C OPERATIONS £
FAILURE EFFECT ON
AISSION OR SPACECRAFT

36.01.02-06
VALVE, GH2 FILL VALVE USED TO
GROUND FILL REPLENISH GH2

SUPPLY DURING GROUND

FAILURE TO OPEN NONE

FATLURE TO CLOSE VALVE IS REQUIRED TO OPERATE
DURING GROUND OPERATIONS ONLY
FAILURE TO NONE
REMATN CLOSED VALVE IS IN SERIES WITH
36.01.02-05 CHECK DISCONNECT
POSSIBLE LOSS

DEPLETION OF APS

FUEL SUPPLY

= <C<CGHNHOYOIHNqHT QR

E G R R ISR i R e

=

NOHME

REDUNDANCY IS PROVIDED

POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

POSSIBLE 10SS
1055 OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE LOSS

POSSIBLE LOSS
RNS MAY KNOT BE

AVATIABLE FOR MISSION




FORM 830-375

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE

CLASS: 1 - HYBRID
MODULE: COMMAND AND CONTROL
SYSTEM: AUXILIARY PROPULSION

ITEM FUNCTION

G

F @ TRANSLUNAR INJECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE
TRANSLUNAR COAST

J e APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L e CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING

INSERTION INTO ELLIPTICAL LUNAR ORSBIT

PULSED AFTERCOOLING

FAILURE TYPE/MGDE

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

w O VO

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING
APOLUNE PLANE CHANGE
PULSED AFTERCOOLING
TRANSEARTH INJECTION

PHASE

FAILURE EFFEC. ON RNS

/
PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH CO/-. °

EARTH GRBIT Gt °TURE

PULSED AFTERCOOLING

ORBI™ RESUTPLY AND C/O OPERATIONS

F’i.uRE EFFECT ON
‘“A4™ .GN OR SPACECRAFT

36.01.02-07
ACCUMULATOR, GH2 STORE THE CONDITIONED

GH2 PRESSURANT GAS

1. LEAKAGE

POSSIBLE LOSS
DEPLETION OF APS

FUEL SUPPLY

E <HdHRIWOWORHRGHITOW

E G QHORHO O RS NGO

POSSIBLE LOSS

1OSS OF ATTITUDE CONTROL

POSSIBLE LOSS
LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE IS

POSSIBLE 1OSS _

RNS MAY NOT BE

AVAILABLE FOR MISSION




001

. . . " F & TRANSLUNAR INJECTION 4 8 APOLUNE PLANE CHANGE O e INSERTION INTO ELLIPTICAL LUNAR ORBIY T PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS G PULSED AFTERCOOLING K PULSED AFTERCOOLING 34 FULSED AFTERCOOLING ﬁgi%%‘éiiig%%ﬁgﬂcﬂ“mw Hope
= FAIDCOURSE CORRECTION—~IDLE MODE
M'SS'QN LUNAR SHUTTLE TRANSLUNAR COAST L e CIRCULARIZE AT TARGET ALTITUDE Qe APO;:NE :;AN;ZiA::E U o EARTH ORBIT CABTURE -
CLASS: i - HYBRID t  PULSED AFTERCOULING & PULSED AFTER i
H e INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING -
MODULE: E&%ﬂgggﬁﬁg& | PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS § © TRANSEARTH INJECTION ORBIT RESUPPLY AND C/O OPERATIONS
SYSTEM: FAILURE EFEECT ON FAILURE EFFECT ON
ITEM EUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01.02-08,-09
CHECK VALVES, PROVIDE UNIDIRECTIONAL 1. FATILURE TO OPEN NONE NONE NONE
GH2 (2) FLOW OF THE CONDITIONED GH2 THE TWO VALVES (-08,-09)
PRESSURANT GAS FROM THE ARE REDUNDANT
HEAT EXCHANGERS TO THE GH2
ACCUMULATOR 2. FAILURE TO CLOSE NONE NONE NONE
FATLURE HAS §O EFFECT
3. LEAKAGE POSSIBLE LOSS ¥|¥ | POSSIBIE 108S POSSIBLE LOSS
¢l
DEPLETION OF APS FUEL SUPPLY Hj LOSS OF ATTITUDE CONTROL
35
xlk
Lt
M
olo
rlp
Q
r|r
s
T
U
v
W W | POSSTBLE 10SS POSSIBLE LOSS
10SS OF ATTITUDE CONTROL RNS MAY NOT BE
DURING EARTH ORBIT OPERATIONS AVAILABLE FOR MISSION




RELIABILITY FAILURE EFFECT ANALYSIS e

MISSION: LUNAR SHUTTLE
CLASS: 1-HYBRID
MODULE:
SYSTEM:

ITEM

G

COMMAND AND CONTROL
AUXTLIARY PROPULSION

FUNCTION

TRANSLUNAR INJECTION

PULSED AFTERCOOLING
}IDCOURSE CORRECTION-IDLE MODE
TRANSLUNAR COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

FAILURE TYPE/MODE

J e APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L e CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTOQ ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—-IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
QABIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MiSSION OR SPACECRAFT

36.10.02-10

RELIEF VALVE, GH2

RELIEVE EXCESSIVE PRESSURE
BUILDUP IN GH2 PRESSURANT

SUPPLY

1. FAILURE TO OPEN
2, FAILURE TO CIOSE

3. LEAXKAGE

NOT APPLICABLE TO SINGLE

FATLURE ANALYSIS




201

FORRM 8350378

F e

RELIABILITY FAILURE EFFECT ANALYSIS

| MISSION: LUNAR SHUTTLE
| CLASS: 1 - HYBRID

G

| MODULE: COMMAND AND CONTROL
SYSTEM: AUXILIARY PROPULSION

ITEM

FUNCTION

TRANSLUNAR INJECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSLUNAR COAST

J @ APOLUNE PLANE CHANGE

K PULSED AFTERCOOLING

L @ CIRCULARIZE AT TARGET ALTITUDE
L PULSED AETERCOOLING

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

INSERTION INTCO ELLIPTICAL LURAR ORBIT
PULSED AFTERCOULING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

PHASE FAILURE EFFECT ON RNS

PULSED AFTERCOOQLING

MIDCOURSE CORRECTION-IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.,0L.02-11

FILTER, GH2

FILTER THE GH2 PRESSURANT
GAS USED TO PRESSURIZE THE

IHZ STORAGE TANK

ACTUAL LOSS

INABILITY TO PRESSURIZE LHZ SUPPLY
TANK WILL RESULT IN INABILITY TO
FORCE ILH2 TO TURBOPUMPS AND
PRECLUDE PROPER "CONDITIONING" OF

APS FUEL SUPPLY

H <GcoHuRDoWORPXNGHITOH

ACTUAL LOSS

LOSS OF ATTITUDE CONTROL

E QOHORUOHWOIEXRNRGHEQMN

ACTUAL LOSS

10SS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

ACTUAL 10OSS

RNS NOT AVAILABLIE
FOR MISSION




€01

FORM 830-375

F e TRANSLUNAR INJECTION J o APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORS!T T PULSED AFTERCOOLING

o
RELIABILITY FAILURE EFFECT ANALYSIS MIDCOURSE CTION—IDLE MODE
G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING A AR aREC
MIDCOURSE CORRECTION-IDLE MODE

. L Q o APOLUNE PLA| ANGE

MISSION: Lulpmn%gfg_g e e o CIRCULARIZE AT TARGET ALTITUDE o APOLUNE PLANE CH U o EARTH ORBIT CAPTURE
: - R PULSED AFTERCOOLING

SEAIJSSLE GMMAND AND CONTROL M o INSERTION INTO ELLIPTICAL LUNAR orBiT ¥ PULSED AFTERCOOLING - vV PULSED AFTERCOOLING

2 e | PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS S o TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS

SYSTEM:  AUXILIARY PROFULSION FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

36.01.02-12

QUAD VALVES (1 SET) | CONTROL PRESSURANT GAS TO 1. FAILURE TO OPEN NONE NONE NONE

PRESSURIZATION, IH2 SUPPLY TANK 2, FAILURE TO CLOSE THE QUAD VALVE SET CONTAINS TWO

LH2 TANK SUBSETS OF VALVES IN SERIES AND

PARALLEL TO EACH OTHER

POSSIBLE LOSS

POSSIBLE 1088 POSSIBLE IOSS

DEPLETION OF APS FUEL SUPPLY LOSS OF ATTITUDE CONTROL

2 <N NOOWORIHRQQHITOQS
= <O WUHNO MO R X GG

POSSIBLE LOSS POSSIBLE 10SS

LOSS OF ATTITUDE CONTROL RNS MAY KOT BE

DURING EARTH ORBIT OPERATIONS AVATILABLE FOR MISSION




FORM B30-3

{NSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

£ & TRANSLUNAR INJECTION J e APOLUNE PLANE CHANGE

G PULSED AFTERCOOLING K PULSED AFTERCOOLING
) MIDCOURSE CORRECTION~IDLE MODE . .
| MISSION: LUS&AR ﬁg;%g TRANSLUNAR COAST L ® CIRCULARIZE AT TARGET ALTITUDE
| CLASS: COMMAND AIND CONTROL INSERTION INTO ELLIPTICAL LUNAR opgiy ' PULSED AFTERCOOLING

| MODULE: LUNAR ORBIT OPERATIONS

SYSTEM: AUXILIARY PROPULSION PULSED AFTERCOOLING

PULSED AFTERCOOLING
MIDCOURSE CORHECTION—IDLE MODE
TRANSEARTH COAST

RELIABILITY FAILURE EFFECT ANALYSIS

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O QPERATIONS |

w0l

ITEM

FUNCTION

FAILURE TYPE/MODE

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

FAILURE EFFECT ON RNS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.02-13

VALVE, GH2

NORMALLY OPEN SOLENOID

VALVE DIVERTS FLOW FROM

GH2 REGULATOR(S) TO 36.01.02

~-14 HEAT EXCHANGER

N. C. VALVE

1.

2.

FAILURE TO OFEN

FAILURE TO CLOSE

NONE

VALVE IS IN PARALLEL TC
36.01.02-19 VALVE

NONE

VALVE IS IN SERIES TO

36.01.04-14 VALVE

POSSIBLE 10SS

DEPLETION OF APS FUEL SUPPLY

= <daogHOWORHORMHMXNGHTON

< CGHDBWO YO R XNGHEOA

=

NONE

REDUNDANCY IS PROVIDED

POSSIBLE 10SS

LOSS OF ATTITUDE CONTROL

POSSIBLE LOSS
LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OFPERATIONS

POSSIBLE 1.0SS

POSSIBLE 1LOSS
RNS MAY NOT BE

AVATLABLE FOR MISSION




S01

FORM 830-375

F o TRANSLUNAR INJECTION
PULSED AFTERCOOLING

RELIABILITY FAILURE EFFECT ANALYSIS

G

MISSION: LUNAR SHUTTLE
CLASS: 1 - HYBRID
MODULE: COMMAND AND CONTROL
| SYSTEM: SYSTEM AUXILIARY PROPULSION

ITEM FUNCTION

MIDCOURSE CORRECTION—IDLE MODE

TRANSLUNAR COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIT
N

PULSED AFTERCOOLING

FAILURE TYPE/MODE

J ® APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING

L o CIRCULARIZE AT TARGET ALTITUDE

M PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON ANS

PULSED AFTERCOOLING

MIDCOURSE CORRECTION-IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.02-1h
VALVE, GH2 NORMALLY CLOSED
SOLENOID VALVE CONTROLS
GHZ FIOW TO

HEAT EXCHANGER

1.

~
z.

FAILURE TO OPEN

FAILURE TC CLOSE

NONE

VALVE IS PARALLEL TO
36.01.02-20 VALVE
NONE

VALVE IS IN SERIES TO
36.01.04-13 VALVE
POSSTRLE LOSS

DEPLETION OF APS FUEL SUPPLY

EEEEEEEELLGREELEE R

=

<N EOOoOWORIHRGHEDEQR

=

NONE

REDUNDANCY IS PROVIDED

POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE LOSS

POSSIBLE LOSS
RNS MAY NOT BE

AVATLABLE FOR MISSION




%01

F o TRANSLUNAR INJECTION 4 & APOLUNE PLANE CHANGE O o INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
ALYS -
v RELIABILITY FAILURE EFFECT AN 5 G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING ;";‘ﬁ‘;;‘iﬁ%,g"j;}g*""” 1DLE MODE
#IDCOURSE CORRECTION-IDLE MODE
. MISSION: LUNARYSH“UTTLE TRANSLUNAR COAST L e CIRCULARIZE AT TARGET ALTITUDE O o APOLUNE PLANE CHANGE U o EARTH GRBIT CAFTURE :
- CLASS: iormmﬁrlfgb CONTROL H o INSERTION INTO ELLIPTICAL LUNAR ompiy ' PULSED AFTERCOOLING R PULSED AijR?O?f_mG__ vV PULSED AFTERCOOLING -
, MOSDULE.. e BROSULS 10N | PULSED AFTERCOOLING LUNAR ORBIT OPERATIONS S o TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS [
SYSTEM: FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01.02-15
VALVE, GOZ NORMALLY CLOSED SOLENOID 1. FAILURE TO OPEN. NONE~ NONE NONE
VALVE CONTROLS GOZ2 FLOW VALVE IS PARALLEL TO REDUNDANCY IS PROVIDED
TO HEAT EXCHANGER 36.01.02-21 VALVE
2, FAILURE TO CLOSE NONE
VALVE IS IN SERIES TO
36.01.04-19 VALVE
3. LEAKAGE POSSIBLE LOSS F | #| POSSIBLE 10SS POSSIBLE 1OSS
GG
DEPLETION OF APS OXIDIZER # | g] 1OSS OF ATTITUDE CONTROL
I]TI
SUPPLY J13
KK
LIL
MM
0]0
PP
Qfa
RIR
S8
TT
uijvu
viv
W | V] POSSIBLE LOSS POSSIBLE LOSS
LOSS OF ATTITUDE CONTROL RNS MAY NOT BE
DURING EARTH ORBIT OPERATIONS AVATLABLE FOR MISSION




101

FORM 830-376

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE

CLASS: 1 - HYBRID

MODULE: COMMAND AND CONTROL

SYSTEM: AUXILTIARY PROPULSION !

ITEM

G

INSERTION INTO ELLIPTICAL LUNAR ORBIT

F o TRANSLUNAR INJECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSLUNAR COAST

PULSED AFTERCOOLING

J @ APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L e CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON

“w v D WO

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

< cC

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS
FAILURE EFFECT ON

FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01.02-16
IGNITER PROVIDE IGNITION SOURCE 1. FAILWRE TO NONE NONE NONE
FOR 02H2 MIXTURE ENERGIZE REDUNDANCY IS PROVIDED BY

36.01,02-22 IGNITER




801

F & TRANSLUNAR INJECTION 3 & APOLUNE PLANE CHANGE 0 o INSERTION INTOQ ELLIPTICAL LUNAR ORBIT T  PULSED AFTERCOOLING
Y8IS -
RELIABILITY FAILURE EFFECT ANAL G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING D OURSE CORRECTION-IDLE MODE
|| MiSSION: LUMAR SHUTTLE rgiﬁgﬁiiﬁ%%‘gm““mw HODE L & CIRCULARIZE AT TARGET ALTITUDE Q e APOLUNE PLANE CHANGE G o EARTH ORBIT CAPTURE
| CLASS: 1-HYBRID M PULSED AFTERCOOLING R PULSED AFTERCOOLING :
H e INSERTION INTO ELLIPTICAL LUNAR ORBIT vV PULSED AFTERCOOLING
, ;ﬂ?sg’léhﬁ E%%%gg“&g%}! | PULSED AFTERCOOLING LUNAR ORBIT OPERATIONS S ® TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS
' FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01,02-17
GAS GENERATOR PROVIDE THERMO ENERGY FOR 1. FAILURE TO IGNITE NONE NONE NONE

USE IN HEAT EXCHANGERS TO

CONDITION PROPELLANTS

REDUNDANCY IS PROVIDED BY

36.01.02-23 GAS GENERATOR

REDUNDANCY IS PROVIDED




601

FORM 830-375

F e TRANSLUNAR INJECTION

G PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSLUNAR COAST

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE

CLASS:  1-HYBRID

MODULE: COMMAND AND CONTROL
SYSTEM: AUXILIARY PROPULSION '

ITEM FUNCTION

PULSED AFTERCOOLING

FAILURE TYPE/MODE

H o INSERTION INTO ELLIPTICAL LUNAR ORSIT
N

J o APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING

L e CIRCULARIZE AT TARGET ALTITUDE

M PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE CORRECT/ON—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/Q OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.02-18
HEAT EXCHANGER CONDITIONS THE HYDROGEN
PROPELLANT BY RAISING ITS

TEMPERATURE TO TBD R

NONE
HEAT EXCHANGER IS PARALLEL TO
36.01.02-24 HEAT EXCHANGER
POSSIBLE LOSS

DEPLETION OF APS FUEL SUPPLY

H <SQHNUWOoMORHMNoHIDON

NONE

REDUNDANCY IS PROVIDED

POSSIBLE 10SS

LOSS OF ATTITUDE CONTROL

H <SdHNHOMO R WG HmQ

POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE L0OSS

POSSIBLE 10SS
RNS MAY NOT BE

AVATLABLE FOR MISSION




o1t

. CLASS:
. MODULE:
| SYSTEM:

RELIABILITY ?A!LURE EFFECT ANALYSIS

FAISSION: LUNAR SHUTTLE
1 - HYBRID
COMMAND ARD CONTROL
AUXILIARY PROPULSION

ITEM FUNCTION

F o TRANSLUNAR INJECTION

G PULSED AFTERCOOLING
RIDOOURSE CORRECTION-1DLE B3ODE
TRARSLUNAR COASY

H e INSERTION INTO ELLIPTICAL LUNAR ORBIT
| PULSED AFTERCOOLING

FAILURE TYPE/MODE

§ e APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L @ CIRCULARIZE AT TARGET ALTITUDE
% PULSED AFTERCOOLING

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULBED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

FIDCOUASE CORRECTION-IDLE MODE
TRAMSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING -
ORBIT RESUPPLY AND C/O OPERATIONS |

FAILURE EFFECT OK
MISSION OR SPACECRAFT

36.01.02-19
VALVE, GH2 NORMALLY OPEN SOLENOID

VALVE DIVERTS FIOW FROM

GH? REGUIATOR(S) TO 36.01.02
-20 HEAT EXCHANGER N.C.

VALVE

1.

2,

FAILURE TO OPEN

FAILURE TO CLOSE

NONE

VALVE IS IN PARALLEL TO
36.01.02-13 VALVE

NONE

VALVE IS IN SERIES TO
36.01,02-20 VALVE
POSSIBLE LOSS

DEPLETICON CF A¥S FUEL SUPPLY

E3 <OHNDO WO RN H MG

NONE

REDUNDANCY IS PROVIDED

POSSIBLE L0SS

10SS OF ATTITUDE CONTROL

2 dOHNHONOBRHRUMTEQN

POSSIBLE 10OSS

LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE 1LOSS

POSSIBLE LOSS
| RNS MAY NOT BE

AVATIABLE FOR MISSION




181

F o TRANSLUNAR INJECTION § ® APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT T PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS N

il -
G PULSED AFTERCOOLING K PULSED AFTEACOOLING PULSED AFTERCOOLING e CORRECTION-IDLE MODE
MIDCOURSE CORRECTION—IDLE MODE
$418S10N: LUNAR SHUTTLE D nAa o nsr L o CIACULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
: - cool PULSED AFTERCOOLING

:%A?JSSLE é HYBRID CONTROL H o INSERTION INTO ELLIPTICAL LUNAR oRaiT M PULSED AFTERCOOLING ULSE oo V  PULSED AFTERCOOLING

SYSTEM, AUXIOIMLUIARYIDM DPR OPULSTON I PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS TRANSEARTH | 1oN W ORBIT RESUPPLY AND C/O OPERATIONS
' FAILURE EFFECT ON FAILURE EFFECT ON

ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

36.01.02-20
VALVE, GH2 NORMALLY CLOSED SOLENOID 1. FAILURE TO OPEN NONE NONE

VALVE CONTROLS GHZ FLOW TO VALVE IS PARALIEL TO REDUNDANCY IS PROVIDED
HEAT EXCHANGER 36.01.02-15 VALVE

2. TFAILURE TO CLOSE NONE

VALVE IS IN SERIES TO
36.01.04-19 VALVE

POSSIBLE LOSS

POSSIBLE I0SS POSSIBLE LOSS

DEPLETION OF APS FUEL SUPPLY LOSS OF ATTITUDE CONTROL

T <OgH®BRONHWORIXNGHEIOE
E <SgHOWOWORHRGHTQN

POSSIBLE 1OSS POSSIBLE I1OSS
L0SS OF ATTITUDE CONTROL RNS MAY NOT BE

DURING EARTH ORBIT OPERATIONS AVATLARLE FOR MISSION




2l

FORM 83378

£ o TRANSLUNAR INJECTION J & APOLUNE PLANE CHANGE O & INSERTION INTO ELLIPTICAL LURNAR ORBIT T PULSED AFTERCOOLING
RﬁLEABlLlTY FA'LURE EFFECT AHALYSFS G PULSED AFTERCOOLING ¥ PULSED AFTERCOOLING 4 PULSED AETERCOOLING ?;%ﬁgz%ﬁﬁ%%ﬁ?iﬁN~lDL& MODE
= MIDCOURSE CORRECTION-IDLE MODE
| BAISSION: LUNAR SHUTTLE S RANSLUNAR COAST L e CIRCULARIZE AT TARGET ALTITUDE O & APOLUNE P-;_::E CHAM;%E U o EARTH ORBIT CAFTURE
| CLASS: 1 - HYBRID W PULSED AFTERCOOLING R PULSED AFTERCOOLIN
M e INSERTION INTO ELLIPTICAL LUNAR ORBIT \Y PULSED AFTERCOOLING
|| MODULE: g%%%ggﬁ%n | PULSED AFTERCOOLING LUNAR ORBIT OPERATIONS § o TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS
SYSTEM: FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION EAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01.02-21
VAIVE, GO2 NORMALLY CLOSED SOLENOID 1. FAILURE TO OPEN NONE NONE NONE |
VALVE CONTROLS GO2 FLOW VAIVE IS PARALLEL TO REDUNDANCY IS FROVIDED
TO HEAT EXCHANGER 36.01.02-15 VALVE

2. FATLURE TO CLOSE NONE

VALVE IS IN SERIES TO
36.01.04-25 VALVE

3. LEAKAGE POSSIBIE 1OSS POSSIBLE 10SS POSSIBLE LOSS
DEPLETION OF APS OXIDIZER LOSS OF ATTITUDE CONTROL

SUPPLY

E SOHOWOTWORE NG H QM
E S OHNEO YO R R Gk

POSSIBLE 1088 POSSIBLE LOSS
LOSS OF ATTITUDE CONTROL RNS MAY NOT BE

DURING EARTH ORBIT OPERATIONS AVAILABLE FOR MISSION




¢ll

FORM 830-35

RELIABILITY FAILURE EFFECT ANALYSIS

G
MISSION: LUNAR SHUTTLE

CLASS: 1-HYBRID

MODULE: COMMAND AND CONTROL \
SYSTEM: AUXILIARY PROPULSION

ITEM FUNCTION

F o TRANSLUNAR INJECTION

PULSED AFTEACOOLING
MIDCOURSE CORRECTION-{DLE MODE
TRANSLUNAR COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

4 ® APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING

L e CIRCULARIZE AT TARGET ALTITUDE

L PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

“w 1 O v O

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

E < C

PULSED AFTERCOQOLING
MIDCOURSE CORRECTION~IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT AESUPPLY AND C/O OPERATIONS |

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.02-22
IGNITER PROVIDE IGNITION SOURCE

FOR O2HZ MIXTURE

1.

FAILURE TO ENERGIZE

NONE

REDUNDANCY IS PROVIDED BY

36.01,02-16 IGNITER

NONE

NONE




pit

FORM B20-376

T ANALYSIS F o TRANSLUNAR INJECTION 5 @ APOLUNE PLANE CHANGE O » INSERTION INTO ELLIPTICAL LUNAR ORBIT T PULSED AETERCOOLING
RELIABILITY FAILURE EFFEC 6 PULSED AFTERCOOLING K PULSED AFTERCOOLING o PULSED AFTERCOOLING Mincounse conRee
| MISSION: LUNAR SHUTTLE ?&i%%ﬁgiig%%ﬁéﬁ“m“mz MODE L & CIRCULARIZE AT TARGET ALTITUDE G o APOLUNE PLANE CHANGE 6 o EARTH ORBIT CAFTURE
| CLASS: 1 - HYRRID #  PULSED AFTERCOOLING ®  PULSED AFTERCOOLING vV PULSED AFTERCOOLING
y H & INSERTION INTO ELLIPTICAL LURAR ORBIT >
MODULE: SSZ%AAMI?AAUﬁng’gR%OMSION | PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS S o TRAWSEARTH INJECTION @ ORBIT RESUPPLY AND GO OPERATIONS
SYSTEM: 2ot FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORAMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01.02-23
GAS GENERATOR PROVIDE THERMO ENERGY 1. FAILURE TO IGNITE NONE NONE NONE
FOR USE IN HEAT REDUNDANCY IS PROVIDED BY REDUNDANCY IS PROVIDED

EXCHANGERS TO 36.01.02-17 GAS GENERATOR

CONDITION PROPELLANTS




61l

FORM 830-375

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
CLASS: 1 - HYBRID

MODULE:
SYSTEM:

ITEM

COMMAND AND CONTROL
AUXILTARY PROPULSION

FUNCTION

TRANSLUNAR INJECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE
TRANSLUNAR COAST

J e APOLUNE PLANE CHANGE

K PULSED AFTERCOOLING

L e CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON ANS

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/Q QPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.02-2k

HEAT EXCHANGER

CONDITIONS THE HYDROGEN
PROPELLANT BY RAISING ITS

TEMPERATURE TO TED °R

NONE
HEAT EXCHANGER IS PARALLEL TO
36.01.02-18 HEAT EXCHANGER
POSSIBLE LOSS

DEPLETION OF APS FUEL SUPPLY

S AR NTOHOZIHXANGHITQ A

=
=

NONE

REDUNDANCY IS PROVIDED

POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

< OHNOO ORI RGO HT QN

=

POSSTBIE 10SS

LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE 1058

POSSIBLE LOSS

RNS MAY NOT BE

AVATLABLE FOR MISSION




91l

FORM 830-376

F e TRANSLUNAR INJECTION

RELIABILITY FAILURE EFFECT ANALYSIS

G

MISSION: LUNAR SHUTTLE

CLASS: 1 - HYBRID

MODULE: COMMAND AND CONTROL

SYSTEM: SYSTEM AUXILTIARY PROPULSION

ITEM FUNCTION

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRAWNSEARTH INJECTION

J o APOLUNE PLANE CHANGE
PULSED AFTERCOOLING K PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLEMODE L e CIRCULARIZE AT TARGET ALTITUDE

TRANSLUNAR COAST
M PULSED AFTERCOOLING
INSERTION INTO ELLIPTICAL LUNAR ORBIT Y DO
LUNAR ORBIT OPERATIONS

PULSED AFTERCOOLING
FAILURE EFFECT ON

FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.02-25
VALVE, GH2
DIVERTS FLOW FROM GH2

REGULATORS TO 36.01.0L4-15

HEAT EXCHANGER N.C. VALVE

NORMALLY OPEN SOLENOID VALVE | 1.

FATLURE TO OPEN NONE NONE

VALVE IS IN PARALLEL TO REDUNDANCY IS PROVIDED

36.01.02-26 VALVE

2. TFAILURE TO CLOSE NONE

VALVE IS IN SERIES TO 36.01.04-15

VALVE

POSSIBLE LOSS POSSIBLE LOSS
LOSS OF ATTITUDE CONTROL

DEPLETION OF APS FUEL SUPPLY

<cH®WXWOWOREXRGHQH

=

POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE LOSS

POSSIBLE LOSS
RNS MAY NOT BE

AVATIABLE FOR MISSION




AL

FHM 83375

F & TRANSLUNAR INJECTION

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
CLASS: 1 - HYBRID

MODULE:
SYSTEM:

ITEM

COMMAND AND CONTROL
AUXILIARY PROPULSION

G PULSED AFTEACOOLING
MIDCOURSE CORRECTION~tDLE MODE

TRANSLUNAR COAST

FUNCTION

FAILURE TYPE/MODE

J 8 APOLUNE PLANE CHANGE

K

PULSED AFTERCOOLING

L o CIRCULARIZE AT TARGET ALTITUDE

M

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTC ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING
APOLUNE PLANE CHANGE
PULSED AFTERCOOLING
TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.02-26

VALVE, GH?

NORMALLY OPEN SOLENOID VALVE
DIVERTS FLOW FROM GH2
REGULATOR(S) TO 36.01.04-20

HEAT EXCHANGER N,.C. VALVE

1.

2.

FATILURE TO OPEN

FAILURE TO CLOSE

NONE

VALVE IS IN PARALLEL TO 36.01.02<5

VALVE
NONE

VALVE

VALVE

IS IN SERIES TO 36.01.0k-20

POSSIBLE LOSS

DEPLETION OF APS FUEL SUFPLY

= R R N i e

=

® <SamIDOHOIRGHITOHE

NONE

REDUNDANCY IS PROVIDED

POSSTBLE 0SS

10SS OF ATTITUDE CONTROL

POSSIBLE LOSS
10SS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE LOSS

POSSIBLE IOSS

RNS MAY NOT BE

AVATLABLE FOR MISSION




811

RELIABILITY FAILURE EFFECT ANALYSIS

|| MISSION: LUNAR SHUTTLE

CLASS: 1 - HYBRID
MODULE: COMMAND AND CONTROL
SYSTEM: AUXILTARY PROPULSION

ITEM FUNCTION

F e

TRANSLUNAR INJECTION 1 o APOLUNE PLANE CHANGE
PULSED AFTERCOOLING K PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE L o CIRCULARIZE AT TARGET ALTITUDE

TRANSLUNAR COAST i
P 3 ¥ i
INSERTION INTO ELLIFTICAL LUNAR ORBIT M ULSED AFTERBOOLING
L.UNAR ORBIT OPERATIONS

PULSED AFTERCOOLING
FAILURE EFFECT ON

FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT OR RNS

PULSED AFTERCOOLING

E1DCOURSE CORRECTION~IDLE MODE
THAMSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON -
MISSION OR SPACECRAFT

36.01.02-27

DUCTING, GHZ2

SYSTEM

CONNECT ALL COMPONENTS OF

THE 36.01.02 GH2 PRESSURANT

POSSIBLE LOSS

DEPLETION OF APS FUEL SUPPLY

F
G
H
I
J
K
L
M
[¢]
P
Q
R
S
T
U
v
W

H <dgHuWorwozImMRugHITOS

POSSIBLE I0SS

10SS OF ATTITUDE CONTROL

POSSIBLE 0SS
10S8S OF ATTITUDE CONTROL

DURING EARTH ORBIT OFERATIONS

POSSIBLE LOSS

POSSIBLE 1OSS
RNS MAY NOT BE

AVATLABLY, FOR MISSION




611

FORM B30-376

TRANSLUNAR INJECTION 4 ® APOLUNE PLAME CHANGE

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

(o 1 T
MIDCOURSE CORRECTION—DLE MODE
RELIABILITY FAILURE EFFECT ANALYSIS PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING TRANSEARTH COAST
MISSION: LUNAR SHUTTLE m’f&%ﬁszﬁ:‘%m&g'o""'DLEMODE L o CIRCULARIZE AT TARGET ALTITUDE Q e APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
ERCOOLING
CLASS: L - HYBRID SERTION INTO ELLIPTICAL LUNAR oRgiT M PULSED AFTERCOOLING R PULSED AFT vV PULSED AFTERCOOLING
MODULE: COMMAND AND CONTROL :,T,LESZTD AFTERCOOLING LUNAR ORBIT OPERATIONS S o TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OFERATIONS
SYsTEM: AUXILIARY PROFULSION FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01,03-01
CHECK VALVE, LHZ2 PROVIDE UNIDIRECTIONAL 1. FATLURE TO OPEN NONE NONE NONE
FLOW FROM TURBOPUMP TO 2. FAILURE TO CLOSE VALVE IS IN PARALLEL WITH THE REDUNDANCY IS PROVIDED
HEAT EXCHANGER 36.01.03-05 CHECK VALVE
3. LEAKAGE POSSIBLE LOSS F |F{ POSSIBLE LOSS POSSIBILE LOSS
G |G
DEPLETION OF APS FUEL SUPPLY H |H| LOSS OF ATTITUDE CONTROL
I|I
J |J
K |K
L |L
M M
O 10
P {P
R e
R {R
S IS
T (T
U U
v |V
8 [W | POSSIBLE 1088 POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

RNS MAY NOT BE AVAILABLE

FOR MISSION




£ 2 TRANSLUNAR INJECTION

RELIABILITY FAILURE EFFECT ANALYSIS

|| MISSION: LUNAR SHUTTLE

| CLASS: 1 - HYBRID
| ¥0DULE:; COMMAND AND CONTROL
| SYSTEM: SYSTEM AUXILIARY PROPULSION

ITEM FUNCTION

G PULSED AFTERCOOLING
WIDCOURSE CORRECTION-IDLE MODE
TRANSLUNAR COAST

FAILURE TYPE/MODE

J & APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING

L. @ CIRCULARIZE AT TARGET ALTITUDE

W PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

INSERTION INTO BELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLURE PLANE CHARGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
FULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.03-02
TURBOPUMP PUMP LH2 TO HEAT EXCHANGER
TO PROVIDE GH2 FUEL FOR APS
ENGINES, HEAT EXCHANGERS

AND PROVIDE PRESSURANT GAS

FOR LH2 SUPPLY SYSTEM.

1.

2.

FAILURE TO START
FAILURE TO DELIVER

AS REQUIRED

NONE
TURBOPUMP IS IN PARALLEL WITH

THE 36.01.03-06 TURBOPUMP.

NONE

REDUNDANCY IS PROVIDED




ORM 830-375 _ .

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

F e TRANSLUNAR INJECTION

G PULSED AFTEACOOLING
MIDCOURSE CORRECTION—{DLE MODE
TRANSLUNAR COAST

RELIABILITY FAILURE EFFECT ANALYSIS
PULSED AFTERCOOLING

e CIRCULARIZE AT TARGET ALTITUDE
PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS |

MISSION: LUNAR SHUTTLE

CLASS: 1 - HYBRID
' : M s INSERTION INTO ELLIPTICAL LUNAR ORBIT
| MODULE: COMMAND AND CONTROL | PULSED AFTERCOOLING

et

SYSTEM:
ITEM

AUXILTARY PROPULSION

FUNCTION

FAILURE TYPE/MODE

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

FAILURE EFFECT ON RNS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01,03-03

VALVE, LH2

NORMALLY CLOSED (N.C.)
SOLENOID VALVE CONTROLS
FLOW FROM 1H2 SUPPLY TO

36.01.03-02 TURBOPUMP

1.

2.

FAILURE TO OPEN

FAILURE TQ CLOSE

NONE
THIS VALVE IS IN PARALLEL WITH

THE 36.01.,03-07 N. C. VALVE

POSSIBLE LOSS

DEPLETION OF APS FUEL SUPPLY

% <dgHuxOYoRHRa DO
T SOHP OO UORNRGHTGQMA

NONE

REDUNDANCY IS PRCVIDED

POSSIBIE 1088

LOSS OF ATTITUDE CONTROL

POSSIBIE 1OSS

LOSS OF ATTITUDE CONTROL DURING

EARTH ORBIT OPERATIONS

POSSIBLE 10SS

POSSIBLE LOSS
RNS MAY NOT BE

AVATIABLE FOR MISSION




al

F & TRANSLUNAR INJECTION

RELIABILITY FAILURE EFFECT ANALYSIS

1 & APOLUNE PLANE CHANGE

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING
tAIDCOURSE CORBECTION-IDLE MODE

36.01.03-03 VALVE

DEPLETION OF APS FUEL SUPPLY

T S COHOBHOUO B R Gy QA

T <SodHONWONWORMRGHIEaR

POSSIBLE LOSS

POSSIBLE 1OSS
LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

o
— G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING TRANSEARTH COAST
OURSE CORRECTION—IDLE MODE .
| MISSION: LUNAK SHUTTLE ?ﬁ%sﬁu&ig el L o CIRCULARIZE AT TARGET ALTITUDE Q e APOLUNE P:ANE Zx\:és& EARTH ORBIT CAPTURE
| CLASS: L - HYBRID [SERTION INTO ELLIPTICAL LUNAR ogaiT M TULSED AFTERCOOLING R PULSED AFTERCO - FULSED AFTERCOOLING
MODULE: COMMAND AND CONTROL |H ° ::LLSED AF;:RCOOLING LUNAR ORBIT OPERATIONS S e TRAWSEARTH INJECTION ORBIT RESUPPLY AND C/O OPERATIONS
SYSTEM: AUXILIARY PROFULSION FAILURE EFFECT ON FAILURE EFFECT OR '
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01,03-0k
VALVE, LH? NORMALLY OPEN (N.0,) 1. FAILURE TO OPEN NONE NONE NONE
SOLENOID VALVE DIRECTS 2. FAILURE TO CLOSE THIS VALVE IS IN PARALLEL WITH REDUNDANCY IS PROVIDED
FLOW FROM LH2 SUPPLY TO THE 36.01.03-08 N,0, VALVE
36.01.03-02 TURBOFUMP VIA 3. LEAKAGE POSSIBLE LOSS

POSSIBIE LOSS

POSSIBLE 10SS
RNS MAY NOT BE

AVATIABLE FOR MISSION




€l

RELIABILITY FAILURE EFFECT ANALYSIS

F o TRANSLUNAR INJECTION

| MISSION: LUNAR SHUTTLE

CLASS: 1 - HYBRID

MODULE: COMMAND AND CONTROL
SYSTEM: AUXILIARY PROPULSION

ITEM

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSLUNAR COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

FAILURE TYPE/MODE

J e APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING

L e CIRCULARIZE AT TARGET ALTITUDE

M PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

“w 30 v O

INSERTION INTO ELLIPTICAL LUNAR ORBIT

U s EARTH ORBIT CAPTURE

vV PULSED AFTERCOOLING

RBIT RESUPPLY AND C/O OPERATIONS
FAILURE EFFECT ON

PULSED AFTERCOOLING M
o APOLUNE PLANE CHANGE
PULSED AFTERCOOLING
o TRAWSEARTH INJECTION w o
PHASE FAILURE EFFECT ON ANS

PULSED AFTERCOOLING
{DCOURSE CORRECTION—IDLE MODE

RANSEARTH COAST

MISSION OR SPACECRAFT

' 36.01.03-05

CHECK VALVE, LH2

FAILURE TO OPEN

PROVIDE UNIDIRECTIONAL.

FLOW FROM TURBOPWMP TO FAILURE TO CLOSE

HEAT EXCHANGER

NONE

36.01.03-01 CHECK VALVE

POSSIBLE 10SS

DEPLETION OF APS FUEL SUPPLY

VALVE IS IN PARALLEL WITH THE

S SCHUOUNOWORHHNauHIDQS

L SR NHOUORBNyHEIQN

EARTH ORBIT OPERATIONS

NONE

REDUNDANCY IS PROVIDED

POSSIBLE LOSS

POSSIBLE 1OSS

LOSS OF ATTITUDE CONTROL DURING

NONE

POSSIBLE LOSS

POSSIBLE LOSS

RNS MAY NOT BE

AVATIABLE FOR MISSION




174

FORK 830878

RELIABILITY FAILURE EFFECT ANALYSIS F e TRANSLUNAR IRJECTION

FAISSION: LUNAR SHUTTLE

| CLASs: 1~HYBRID
. MODULE: COMMARD AND CONTROL
SYSTEM: AUXILIARY PROPULSION

1TEM

G PULSED AFTERCOOLING
FHDCOURSE CORRECTION—DLE MODE

TRANSLUNAR COASY

FUNCTION

FAILURE TYPE/MODE

3 B APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L & CIRCULARIZE AT TARGET ALTITUDE
BA PULSED AFTERCOOLIRNG
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
| PULSED AFTERCOOLING

“wv B o v Q

o IMSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING
& APOLUNE PLANE CHANGE

PULSED AFTERCOOLIKG
e TRANSEARTH INJECTION

PHASE

FAILURE EFFECT ON RNS

T

U e

W

PULSED AFTERCOOLING
HIDCOURSE CORRECTION-1DLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOULIRG
ORBIT RESUPPLY AND C/O OPERATIONS |

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.03-06

TURBOPUMP

PUMP IH2 TO HEAT EXCHANGER
TO PROVIDE GH2 FUEL FOR APS
ENGINES, HEAT EXCHANGERS

AND PROVIDE PRESSURANT GAS

FOR 1IH2 SUPPLY SYSTEM

1.

2,

FATLURE TO START
FAILURE TO DELIVER

AS REQUIRED

NONE
TURBOPUMP IS IN PARALLEL WITH

THE 26.01.03-02 TURBOPUMP

NONE

REDUNDANCY IS PROVIDED

NONE




14}

FORAM 830-375

F & TRANSLUNAR INJECTION

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNARSHUTTLE

cLASS:  1-HYBRID

MODULE: COMMAND AND CONTROL
[ | SYSTEM: AUXILIARY PROPULSION

ITEM

G

FUNCTION

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE

TRANSLUNAR COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

FAILURE TYPE/MODE

4 o APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L e CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING
APOLUNE PLANE CHANGE
PULSED AFTERCOOLING
TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/QO OPERATIONS |

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.03-07

VALVE, LHZ2

NORMALLY CLOSED (N.C.)
SOLENOID VALVE CONTROLS
FLOW FROM LH2 SUFFLY TO

36.01.03-06 TURBOPUMP

1.

2.

FATLURE TO OPEN

FAILURE TO CLOSE

NONE
THIS VALVE IS IN PARALIEL

WITH THE 36.01.03-03 N.C. VALVE

POSSIBLE LOSS

DEPLETION OF APS FUEL SUPPLY

F <SRN OHO R G HE QR

¥ <OdHUWOWORHRGHIOM

NONE

REDUNDANCY IS PROVIDED

POSSIBLE LOSS

POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE LOSS

POSSIBLE LOSS
RNS MAY NOT BE

AVATLABLIE FOR MISSION




921

F @

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNARSHUTTLE

LASS: 1 ~ HYBRID
 MODULE: COMMAND AND CONTROL
AUXILIARY PROPULSION

SYSTEM:
ITEM

G

FUNCTION

TRANSLUNAR INJECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE
TRANSLUNAR COAST

4 & APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING

L s CIRCULARIZE AT TARGET ALTITUDE

(4 PULSED AFTERCOOLING

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

N LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

INSEATION INTO ELLIPTICAL LURAR ORBITY
PULSED AFTERCOOLING

APOUUNE PLANE CHARGE

PULSER AFTERCOOLING

TRAWSEARTH IRJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
HIDCOURASE CORRECTION~IDLE MODE
TRAMSEARTH COAST

EARTH ORABIT CAPTURE
PULBED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS &

FAILURE EFFECT O
HISSION OR SPACECRAFT

36.01.03-08

VALVE, LH2

NORMALLY OPEN (¥.0.) SOLE~
NOID VALVE DIRECTS FLOW
FROM LH2 SUPPLY TO
36.01.03-C6 TURBOPUMP VIA

36.01.03-00 VALVE

1. FATLURE TO OPEN

2. FAILURE TO CLOSE

NONE
THIS VALVE IS IN PARALLEL WITH

THE 36.01.03-0k

POSSYBLE LOSS

DEPLETION OF APS FUEL SUPPLY

= SO R RO O R N Gy

NONE

REDUNDANCY IS PROVIDED

POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

¥ CCHOTNOUOREDRGHSE G

POSSIBLE 10SS
LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE L0OSS

POSSIBLE LOSS

RNS MAY NOT BE

AVATLABLE FOR MISSION




L2t

FORM 830378

F o TRANSLUNAR INJECTION

4 o APOLUNE PLANE CHANGE

INSERTION INTO ELLIPTICAL LUNAR (1. 31

PULSED AFTERCOOLING

O e
LYSIS -
AELIADILITY PAILURE EFFECT AMA o ruLsED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING S SORRECTION-IDLE MoDE
MISSION: LUNAR SHUTTLE ;A;a%%ggiig%%&&sﬁﬂor%lme MODE L e CIACULARIZE AT TARGET ALTITUDE Q e APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
CLASS: 1 - HYBRID M PULSED AFTERCOOLING R PULSED AFTERCOOLING v PULSED AFTERCOOLING
MODULE: COMMAND AND CONTROL H o INSERTION INTO ELLIPTICAL LUNAR ORBIT N LUNAR ORBIT OPERATIONS S o TRANSEARTH INJECTION u TuLsep ArTERGOOLING _
SVSTEM: AUXILTARY PROPULSTON t PULSED AFTERCOOLING UPPL D C/O OPERATIONS
: FAILURE EFFECT ON FAILURE EFFECT ON
{TEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01.03-09
LH2 TANK STORE LH2 SUPPLY 1. LEAKAGE POSSIBLE 10SS F }F] POSSIBLE 10SS POSSIBLE LOSS
GiG
DEPLETION OF APS FUEL SUPPLY H [|H| LOSS OF ATTITUDE CONTROL
IiT
JJ
K }|K
LiL
MM
010
PP
QiQ
R IR
Sis
TI|T
Ulu
vV
W {W] POSSIBLE LOSS POSSIBLE 10S8S

LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

RNS MAY NOT BE

AVATILABLE FOR MISSION




FORM 830375

PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE
TRANSEARTH COAST

o INSERTION INTO ELLIPTICAL LUNAR ORBIT T
PULSED AFTERCOOLING
APOLUNE PLANE CHANGE

J v APOLUNE PLANE CHAMGE

PULSED AFTERCOOLING

F & TRANSLUNAR INJECTION

G PULSED AFTERCOOLING K
MIDCOURSE CORRECTION-IDLE MODE L e CIHCULARIZE AT TARGET ALTITUDE

RELIABILITY FAILURE EFFECT ANALYSIS

w m O T 0
@

821

MISSION: LUlNAR SHUTTLE TRANSLUNAR COAST N U & EARTH ORBIT CAPTURE
| | CLASS: - HYBRID N CAL L ¥ PULSED AFTERCOOLING PULSED AFTERCOOLIN V. PULSED AETERCOOLING
_ WODULE: COMMAND AND CONTROL H e INSERTION INTO ELLIFTICAL LUNAR ORBIT M LUNAR ORBIT OPERATIONS e TRANSEARTH INJECTION W  ORBIT RESUPPLY AND C/O OPERATIONS
~ AUXTLIARY PROPULSTON | PULSED AFTERCOOLING . T RESUPPLY Al ERATIONS | |
| SYSTEM: FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION EAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS IISSION OR SPACECRAFT
36.01.03-10
i VALVE, LH2 FILL VALVE USED TO REPIENISH| 1. FATILURE TO OFEN NONE NONE NONE £
GROUND FILL 1H2 SUPPLY DURING GROUND 2. PFATLURE TO REMAIN VALVE IS REQUIRED TO OPERATE
FILL OPEN DURING GROUND OPERATIONS ONLY
3. FAILURE TO CLOSE
4. FAILURE TO NONE -~ VALVE IS IN SERIES WITH NONE NONE
REMAIN CLOSED 36.01.03-11 CHECK DISCONNECT REDUNDANCY IS PROVIDED
5. LEAKAGE POSSIBLE LOSS FIF | POSSIBLE LOSS POSSIBLE LOSS
GG
DEPLETION OF APS FUEL SUPPLY H{H | I.OSS OF ATTITUDE CONTROL
1T
J|5
KX
LiL
MM
olo
Pip
Qle
RIR
SIS
TiT
uju
Vv
W { POSSIBIE LOSS POSSIBLE ILOSS
LOSS OF ATTITUDE CONTROL RNS MAY NOT BE
DURING EARTH ORBIT OPERATIONS AVATLABLE FOR MISSION




RELIABILITY FAILURE EFFECT ANALYSIS

G
MISSION: LUNARSHUTTLE

CLASS: 1 - HYBRID

MODULE: COMMAND AND CONTROL

SYSTEM: AUXILIARY PROPULSION

ITEM FUNCTION

F o TRANSLUNAR INJECTION

J ® APOLUNE PLANE CHANGE

PULSED AFTERCOOLING K PULSED AFTERCOOLING

MIDCOURSE CORRECTION--IDLE MODE

TRANSLUNAR COAST L o CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

FAILURE TYPE/MODE

INSERTION INTO ELULIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRAWSEARTH INJECTION

PHASE FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.03-11
DISCONNECT, LH2 PROVIDE INTERFACE WITH
GROUND FILL GROUND SUPPORT EQUIPMENT

TO APS LH2 SUPPLY SYSTEM.

NONE - DISCONNECT IS IN SERIES

WITH THE 36.01.03-1C FILL VALVE

NONE

REDUNDANCY IS PROVIDED




0l

FORM 830-3756

F e TRANSLUNAR INJECTION

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
CLASS: 1 - HYBRID

MODULE:
SYSTEM:

ITEM

G

COMMAND AND CONTROL
AUXTLTARY PROPULSION

FUNCTION

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE

TRANSLUNAR COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

J ® APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L e CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING
LUNAR ORBIT 6PERAT|0NS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

PHASE

FAILURE EFFECT ON RNS

T PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

U e EARTH ORBIT CAPTURE

v PULSED AFTERCOOLING

w ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.03-12
QUAD VALVES (1 SET),

LH2 TANK VENT

QUAD VALVE SET USED TO
RELIEVE EXCESSIVE PRESSURE

BUILDUP IN LH2 TANK

1.

2.

FATILURE TO OPEN

FATLURE TO CLOSE

NONE

THE QUAD VALVE SET CONTAINS TWO
SUBSETS OF VALVES IN SERIES AND
PARALLEL TO EACH OTHER
POSSIBLE LOSS

DEPLETION OF APS FUEL SUPPLY

= <cHOWXOWORERGHEQH

= <caHIJOHWORIERGHITQH

POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

POSSIBLE L0SS
LOSSOF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE LOSS

POSSIBLE LOSS

RNS MAY NOT BE

AVATLABLE FOR MISSION




Iel

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
CLASS: 1 - HYBRID

MODULE:
SYSTEM:

ITEM

COMMAND AND CONTROL
AUXILIARY PROPULSION

FUNCTION

TRANSLUNAR INJECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—iDLE MODE
TRANSL.UNAR COAST

J @ APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING

L e CIRCULARIZE AT TARGET ALTITUDE

M PULSED AFTERCOOLING

INSERTION INTQ ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

LUNAR ORBI!T OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTQ ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANWSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE
TAANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.03-13

DUCTING, LH2

CONNECT ALL COMPONENTS OF
THE 36.01.03 LH2 STORAGE

SYSTEM

POSSIBLE 10OSS

DEPLETION OF APS FUEL SUPPLY

F
G
H
I
J
K
L
M
0
P
Q
R
s
T
U
v
W

POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

<CHUWWOWO R R YGHDOQN

=

POSSIBLE LOSS
LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE LOSS

POSSIBLE LOSS
RNS MAY NOT BE

AVAILABLE FOR MISSION




& APULUNE PLANE CHANGE INSERTION INTC ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE

TRANSLUNAR INJECTION
PULSED AFTERCOOLING PULSED AFTERCOCLING PULSED AFTERCOOLING TRANSEARTH COAST
MIDCOURSE CORRECTION~IDLE 8ODE

K
FAISSION: LUNAR SHUTTLE TRANSLUNAR COAST L @ CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE
. 1 - -
ZE%SELE CO;%XYN;?PEI)\TD CONTROL INSERTION INTO ELLIFTICAL LUNAR ORBIT :: PULSED AFTERCOOLING PULSED AFTERCOOLING »
SYSTEM: AUXILIARY PROPULSION PULSED AFTERCOOLING ORBIT RESUPPLY AND C/O OPERATIONS |
’ FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

RELIABILITY FAILURE EFFECT ANALYSIS

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS TRANSEARTH INJECTION

36.01.04-03,-0b

VALVES, (02 NORMALLY OPEN 1. FAILURE TO OPEN NONE NONE

SOLENOID VALVES WHICH THE VALVES ARE REDUNDANT IN THE REDUNDANCY IS PROVIDED
DIRECT THE GO2 PRESSURANT OPEN MODE

GAS TO THE -0l AND -02 2. FAILURE TO CLOSE NONE

REGULATORS THE VALVES ARE IN SERIES TO THE
-01, -02 REGULATORS

POSSIBLE LOSS POSSIBLE LOSS POSSIBLE 10SS

DEPLETION OF APS OXIDIZER SUPPLY LOSS OF ATTITUDE CONTROL

< oRBOWO ORI
<S<OHNNODO O RO NG HITQ

=

POSSIBLE LOSS POSSIBLE LOSS
LOSS OF ATTITUDE CONTROL RNS MAY NOT BE

DURING EARTH ORBIT OFERATIONS AVATIABLE FOR MISSICHN




eel

FORM 830-375

F @ TRANSLUNAR INJECTION J e APOLUNE PLANE CHANGE O o INSERTION INTO ELLIPTICAL LUNAR ORBIT T  PULSED AFTERCOOLING
R YF RE EFFECT ANALYSIS _
ELIABILITY FAILY G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING ?;‘if,‘;giﬁiﬁ%gig‘;‘"°" IDLE MODE
MISSION: LUNAR SHUTTLE e O e CTION-IDLE MODE L o CIRCULARIZE AT TARGET ALTITUDE Q e APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
CLASS: 1 - HYRRID M PULSED AFTERCOOLING R PULSED AFTERCOOLING
R V  PULSED AFTERCOOLING
MODULE: COMMAND AND CONTROL H e INSERTION INTO ELLIPTICAL LUNAR ORBIT LUNAR ORBIT OPERATIONS s TRANSEARTH INJECTION W ORBIT RESUPPLY AN
SYSTEM: AUXILIARY FROPULSION 1 PULSED AFTERCOOLING UPPL D C/O OPERATIONS
' FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01,04-05
DISCONNECT, 502 PROVIDE INTERFACE WITH 1. LEBAKAGE NONE NONE NONE

GROUND FILL

SECOND SUPPORT EQUIPMENT TO

APS GO2 ACCUMULATOR

DISCONNECT IS IN SERIES WITH THE

36.01.04-06 FILL VALVE




el

F & TRANSLUNAR INJECTION 5 & APOLUNE PLANE CHANGE O & INSERTION INTO ELLIPTICAL LURAR ORBIT T  PULSED AFTERCOOLIN
- MIDCOURSE CORRECTIO
RELIABILITY FAILURE EFFECT ANALYSIS G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING 'nfmqsgm"m COAST
MISSIGN: LURAR SHUTTLE f;‘ii%miig%%né?'m“mg MODE L & CIRCULARIZE AT TARGET ALTITUDE O & APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
GLASS: 1 - HYBRID H & INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING R PULSED AFTERCOOLING V. PULSED AFTERCOOLING
MODULE: COMMAND AND CONTROL . PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS S & TRANSEARTH HUECTION W ORBIT RESUPPLY AND C/O OPERATIONS |
SYSTEM: AUXILIARY PROPULSTON FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01.04-06
VALVE, GO2 FILL VALVE USED TO REPLENISH| 1. FAILURE TO OPEN NONE NONE NONE -
GROUND FILL GO2 SUPPLY DURING GROUND 2. FAILURE TO CLOSE ‘VALVE IS REQUIRED TO OPERATE
FILL DURING GROUND OPERATIONS ONLY
3. FAILURE TO REMAIN | NONE NONE
CLOSED VALVE IS IN SERIES WITH REDUNDANCY 1S PROVIDED
36.01.04-05 CHECK DISCONNECT
k. LEAKAGE POSSIBLE LOSS F |F| POSSIBLE LOSS POSSIBLE 108S
G |G
DEPLETION OF APS OXIDIZER SUPPLY |H {H{ LOSS OF ATTITUDE CONTROL
I
J §J
K |K
L5
M M
0 |0
P |P
Q e
R IR
S |s
T |T
U U
v v
W W | POSSIBLE 10SS POSSIBLE LOSS
LOSS OF ATTITUDE CONTROL RNS MAY NOT BE
DURING EARTH ORBIT OFERATIONS AVAILABLE FOR MISSION




Gel

FORM 830.375

F o TRANSLUNAR INJECTION

G PULSED AFTERCOOLING
MIDCOURSE CORRECT{ON—IDLE MODE
TRANSLUNAR COAST

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE

CLASS: 1 - HYBRID

MODULE: COMMAND AND CONTROL
SYSTEM: AUXILIARY PROPULSION

ITEM

1 PULSED AFTERCOOLING

FUNCTION FAILURE TYPE/MODE

H o INSERTION INTO ELLIPTICAL LUNAR ORBIT
N

J @ APOLUNE PLANE CHANGE

K PULSED AFTERCOOLING

L o CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.04-07
ACCUMULATOR, GO2 STORE THE CONDITIONED

GO2 PRESSURANT GAS

POSSIBLE 1OSS

DEPLETION OF APS OXIDIZER SUPPLY

F
G
H
I
J
K
I
M
0
P
Q
R
s
T
U
v
v

POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

= < OHNHWOoOPYORIERGHIT QN

POSSIBLE 1OSS
LOSS OF ATTITUDE CONTROL

DURING EARTH CORBIT OPERATIONS

POSSIBLE LCSS

POSSIBLE LOSS
RNS MAY NOT BE

AVAILABLE FOR MISSION




%I

o SLUNE 0 e INSERTION INTO ELL or D AFTERCOOLING
REL!AB“‘JTY FA‘LUR& EFFECT ANALVS[S ¥ e YRANSLUP‘T‘Aﬂ‘INJECTf b J e APOLUNE PfANE CHAMNGE @ TION INTO ELLIPTICAL LUNAR ;308 M{{DC?C:)UﬁsE R T ION—IDLE MODE
G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING e s
MISSION: LUNAR SHUTTLE ?;i%%ﬁf&g%@ig?'O"“'D‘”i MODE L e CIRCULARIZE AT TARGET ALTITUDE G e APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
| GLASS: 1 - HYBRID W o INSERTION INTO ELLIPTICAL LUNAR oRprT ©  PULSEC AFTERCOOLING = ® Pli‘ffo f’fjiﬂ(:.c}el.mi v PULSED AFTERCOOLING
HMODULE: K&ImLmDﬂRggNﬁggN | PULSED AFTERCOOLING LUNAR ORBIT OPERATIONS § o TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS | |
SYSTEM: EAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01.04-08,-09
CHECK VALVES, PROVIDE UNIDIRECTIONAL 1. FAILURE TO OPEN NONE NONE NONE -
o2 (2) FLOW OF THE CONDITIONED THE TWO VALVES (-08,-09) ARE
GO2 PRESSURANT GAS FROM REDUNDANT
THE HEAT EXCHANGERS TO THE 2. FAILURE TO CLOSE NONE RNONE NONE
GO2 ACCUMULATOR FAILURE HAS NO EFFECT
3. LEAKAGE POSSIBLE LOSS F | 7| POSSIBLE 1LOSS POSSIBLE LOSS
GG
DEPLETION OF APS OXIDIZER SUPPLY H |Hj LOSS OF ATTITUDE CONTROL
Iz
J§J
K |K
LiL
MM
010
PP
QiQ
R IR
S |8
T T
U {u
v |V
W {W} POSSIBLE LOSS POSSIBLE 1OSS .
LOSS OF ATTITUDE CONTROL RNS MAY NOT BE
DURING EARTH ORBIT OFERATIONS AVATIABLE FOR MISSION




Lel

FORM 830-376

F o
G

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE

CLASS: 1 - HYBRID

MODULE: COMMAND AND CONTROL
SYSTEM: AUXILIARY PROPULSION

ITEM FUNCTION

TRANSLUNAR INJECTION J o APOLUNE PLANE CHANGE

PULSED AFTERCOOLING K PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE L e CIRCULARIZE AT TARGET ALTITUDE

TRANSLUNAR COAST
INSERTION INTO ELLIPTICAL LUNAR oRair M PULSED AFTERCOOLING
N LUNAR ORBIT OPERATIONS

PULSED AFTERCOOLING
FAILURE EFFECT ON

FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

PHASE FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.04k-10

RELIEF VALVE, GO2 RELIEVE EXCESSIVE PRESSURE
BUILDUP IN GO2 PRESSURANT

SUPPLY

1. FAILURE TO OPEN NOT APPLICABLE TO SINGLE

2. TFAILURE TO CLOSE FAILURE ANALYSIS

3. LEAXAGE




8¢l

oN O e INSERT O ELLIFTIC o b SED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS F oo TRANSLUNAR INJECTION J o APOLUNE PLANE CHANGE ¢ INSERTION INTO ELLITTICAL LURAR ORBT B COeE CORAEETION-DLE MODE
G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING b aa b atipiniad
HISSION: LUNAR SHUTTLE ?;i%%‘diiig%%’ﬁ?'w“mg MODE L & CIRCULARIZE AT TARGET ALTITUDE Q e APOLUNE PLANE CHANGE U o EARTH ORBIT CAFTURE
| CLASS: ) éo{ﬁﬁgRAﬂizTD CONTROL H e INSERTION INTO ELLIPTICAL LUNAR ORprr ' FULSED AFTEARCOOLING N PULSEQAFI?:C’?E? Y  PULSED AFTERCOOLING
;ﬂ\([)sl?rlél'f ADILIARY PROPULSION ! PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS S e TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS [
: FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS #1SSI0N OR SPACECRAFT
36.01.04-11
FILTER, GO2 FILTER THE GO2 FPRESSURANT 1. CLOGGED ACTUAL LOSS F {F | ACTUAL LOSS ACTUAL LOSS I
G |G
GAS USED TO PRESSURIZE INABILITY TO PRESSURIZE 102 H [|H | LOSS OF ATTITUDE CONTROL
N
THE LO2 STORAGE TANK SUPPLY TANK WILL RESULT IN J T
X {K
INABILITY TO FORCE 102 TO L |L
M M
TURBOPUMPS AND PRECLUDE PROPER o 10
P (P
"GONDITIONING" OF APS OXIDIZER Q 19
R IR
SUPPLY S IS |.
T T
U {U
vV
W |W | ACTUAL LOSS ACTUAL LOSS

LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

RNS NOT AVAILABLE

FOR MISSTON




61

FORM 830-378

PULSED AFTERCOOLING

F o TRANSLUNAR INJECTION J o APOLUNE PLANE CHANGE O o INSERTION INTO ELLIPTICAL LUNAR ORBIT T
Y FECT ANALYSIS —
RELIABILITY FAILURE EFFEC G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING A CORRECTION-IDLE MODE
MISSION: LUNAR SHUTTLE P CTION-IDLE MODE L o CIRCULARIZE AT TARGET ALTITUDE Q o APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
CLASS: . 1 - HYBRID H @ INSERTION INTO ELLIPTICAL LUNAR ORgiT V'  PULSED AFTERCOOLING R PULS,ED AFTERCOOLING vV PULSED AFTERCOOLING
MDS[_)rlé:'E.. EUXMILIAR%M;R(C)?’NUESRggN | PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS S e TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS
SYSTEM: FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01.0h-12
QUAD VALVES (1 Set), | CONTROL FRESSURANT GAS 1. FAILURE TO OPEN NONE NONE NONE
PRESSURIZATION, LO?2 TO LO2 TANK 2. FAILURE TO CLOSE THE QUAD VALVE SET CONTAINS TWO
‘TANK SUBSETS OF VALVES IN SERIES AND
PARALLEL TO EACH OTHER
3. LEAXAGE POSSIBLE LOSS F |F| POSSIBLE LOSS POSSIBLE LOSS
GG
DEPLETION OF APS OXIDIZER SUPPLY |H {H| LOSS OF ATTITUDE CONTROL

Iiz

J}J

K |X

L IL

MM

o 10

PP

Q 1Q

R IR

S IS

T |T

U |U

v |V

MW |w | POSSIBLE 10SS POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL RNS MAY NOT BE
DURING EARTH ORBIT OPERATIONS AVATLABLE FOR MISSIOK




ovt

FORM 830378

F a TRANSLUNAR INJECTION

RELIABILITY FAILURE EFFECT ANALYSIS

G

MAISSION: LUNAR SHUTTLE
| CLASS: 1 - HYBRID
| MODULE:

SYSTEM:

ITEM

COMMAND AND CONTROL
AUXILIARY PROPULSION

FUNCTION

PULSED AFTERCOOLING

I DCOURSE CORRECTION-IDLE BODE

TRANSLUNAR COAST

#
INSERTION INTO ELLIPTICAL LUNAR ORBIT
N

PULSED

AFTERCOOLING

FAILURE TYPE/MODE

J & APOLUNE PLANE CHANGE

PULSED AFTERCOOLING
CIRCULARIZE AT TARGET ALTITUDE
PULSED AFTERCOOLING

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANGE

PHASE

INSERTIOR INTO ELLIPTICAL LUNAR OREIT
PULSED AFTERCOOLING

APOLUNE PLARE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

ULSED AFTERCOULING
HIDCOURSE CORRECTION-IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS &

FAILURE EFFECT ON
HISSION OR SPACECRAFT

36.01.04-13

VALVE, GO2

NORMALLY OPEN SOLENOID

VALVE DIVERTS FLOW FROM GO2

REGULATOR(S) TO 36.01.04-14

HEAT EXCHANGER N.C, VALVE

1.

2.

FATLURE TO OPEN

FAILURE TO CLOSE

NONE
VALVE IS IN PARALLEL TO
36.01.04-19 VALVE

NONE

VALVE IS IN SERIES TO 36.01.0k-1k
VALVE

POSSIBLE LOSS

DEPLETION OF APS OXIDIZER SUPPLY

LA NHLOHORERNGYITQM

ES)

<CcHUOXOHWOZIHNGHTON

=

NONE

REDUNDANCY IS FROVIDED

POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

POSSIBLE 1OSS

10SS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE 10SS

POSSIBLE 1OSS
RNS MAY NOT BE

AVAIIABLE FOR MISSION




Wi

FORM 830.375

RELIABILITY FAILURE EFFECT ANALYSIS

F e

MISSION: LUNAR SHUTTLE
CLASS: 1 - HYBRID

MODULE:
SYSTEM:

ITEM

G

COMMAND AND CONTROL
AUXILTARY PROPULSION

FUNCTION

TRANSLUNAR INJECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—{DLE MODE
TRANSLUNAR COAST

J @ APOLUNE PLANE CHANGE

K PULSED AFTERCOOLING

L e CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOUASE CORRECTION-IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01. 0414

VALVE, GOZ

NORMALLY CLOSES

SOLENOID VALVE CONTROLS

GO? FLOW TO HEAT EXCHANGER

1. FAILURE TO OPEN

FAILURE TO CLOSE

LEAKAGE

NONE
VALVE IS PARALLEL TO 36.01.04-20
VALVE

NONE

VALVE IS IN SERIES TO
36.01.02-13 VALVE

POSSIBLE LOSS

DEPLETION OF APS OXIDIZER SUPPLY

R A EELEEEERE]

=

NONE

REDUNDANCY IS PROVIDED

POSSIBLE LOSS

LOSS CF ATTITUDE CONTROL

= <L<CCHNPDOHWOI PR H Do

POSSIBLE TOSS

I10SS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE LOSS

POSSIBLE LOSS
RNS MAY NOT BE

AVATLABLE FOR MISSION




ant

FORNM B30.376

F 8 TRANSLUNAR INJECTION

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
[ CLASS: 1 - HYBRID
| MODULE:

SYSTEM:

ITEM

G

COMMAND - AND CONTROL
AUXILIARY PROPULSION

FUNGTION

PULSED AFTERCOOLING

MIDCOURSE CORRECTION-IDLE #SODE

TRANSLUNAR COAST

4 & APOLUNE PLANE CHANGE

K PULSED AFTERCOOLING

L e CIRCULARIZE AT TARGET ALTITUDE
] PULSED AFTERCOOLING

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

FAILURE TYPE/MODE

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTO ELLIFTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCCOLING
HMIDCOURSE CORRECTION-IDLE MODE
TRANSEAHTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O GPERATIONS |

FAILURE EFFECT ON
MISSION OR SPACECRAFTY

36.01.04-15

VALVE, GH2

NORMALLY CLOSED SOLENOID
VALVE CONTROLS GH2 FLOW TO

HEAT EXCHANGER

1.

2.

FAILURE TO OPEN

FAILURE TO CLOSE

NONE
VALVE IS PARALLEL TO 36.01.02-21
VALVE

NONE

VALVE IS IN SERIES TO 36.01.02-19
VALVE

POSSIBLE LOSS

DEPLETION OF APS FUEL SUPPLY

< CHNWOHORHRQHIIION

=

POSSIBLE IOSS

LOSS OF ATTITUDE CONTROL

< CHNWOWORHRUYUHITOS

=

POSSIBIE 1058
LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE 10SS

POSSIBIE 108§

RNS MAY NOT BE

AVAIIABLE FOR MISSION




en

RELIABILITY FAILURE EFFECT ANALYSIS

PISSION: LUNAR SHUTTLE
CLASS: 1 - HYBRID

MODULE: COMMAND AND CONTROL
SYSTEM: AUXILIARY PROPULSION

ITEM

FUNCTION

F @ TRANSLUNAR INJECTION
G

J @ APOLUNE PLANE CHANGE

PULSED AFTERCOOLING K PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE

TRANSLUNAR COAST L e CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

FAILURE TYPE/MODE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

PHASE FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS |

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.0k-16

IGNITER

PROVIDE IGNITION SOURCE

FOR 02H2 MIXTURE

1. FAILURE TO NONE
ENERGIZE REDUNDANCY IS PROVIDED BY

36.01.04-22 IGNITER




44}

FORM 830878

TRAHSLUNAR INJECTION 3 » APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
w4t R TION-t
PULSED AFTERCOOLING X DCOURSE CORRECTION-IDLE MODE
MIDCOURSE CORRECTION-IDLE MODE
: L @ CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE
MISSION: LUNAR}:?;?TTLE TRANSLUNAR COAST EARTH ORBIT CAPTURE
Y

r . - RID PULSED AFTERCOOLING
CLASS: INSERTION (NTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING PULSED AFTERCOOLING

#OnULE: COMMAND AND CONTROL LU PERAT E TRANSEARTH INJECTION !
MOBULE: PULSED AFTERCOOLING N LUNAR ORSIT OPERATIONS S o TRANSEAR ORBIT RESUPPLY AND C/O GPERATIONS &

| SYSTEM: AUXILIARY PROPULSION FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNGTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

HELIABILITY FAILURE EFFECT ARALYSIS
PULSED AFTERCOOLING PULSED AFTERCOOLING TRANSEARTH COAST

36.01.04-17
GAS GENERATOR PROVIDE THERMO ENERGY FOR 1. FAILURE TO IGNITE NONE NONE
USE IN HEAT EXCHANGERS TO REDUNDANCY IS PROVIDED BY REDUNDANCY IS PROVIDED

CONDITION PROPELLANTS 36.01.04-23 GAS GENERATOR




1171

FORM 830-376

ALYSIS F e TRANSLUNAR INJECTION J o APOLUNE PLANE CHANGE O o INSERTION INTO ELLIPTICAL LUNAR ORBIT T  PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT AN G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING TRANSEARTH COAST
MIDCOURSE CORRECTION—IDLE MODE
MISSION: LUNAR SHUTTLE TAANS‘:UNAR COAST L o CIRCULARIZE AT TARGET ALTITUDE Q e APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
CLASS: * - HYBRID H o INSERTION INTO ELLIPTICAL LUNAR oRarT ' PULSED AFTERCOOLING R PULSED AFTERCOOLING vV PULSED AFTERCOOLING
MODULE: COMMAND AND CONTROL , PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS S & TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS
SYSTEM: AUXILIARY PROPULSION FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01.04-18
HEAT EXCHANGER CONDITIONS THE OXYGEN 1. CLOSED NONE NONE NONE
PROPELLANT BY RAISING ITS HEAT EXCHANGER IS PARALLEL TO REDUNDANCY IS PROVIDED
TEMPERATURE TO TBD R 36.01,0k-2k HEAT EXCHANGER
2. LEAKAGE POSSIBLE LOSS F ] F{ POSSIBLE 10SS POSSIBLE L1OSS
Gl G
DEPLETION OF APS OXIDIZER SUPPLY H| H} LOSS OF ATTITUDE CONTROL
IlI
J1a
K|K
LIL
MIM
ofo
PP
Qlq
RIR
5}s
TiT
Upu
viv
W | W] POSSIBLE IOSS

LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE 1.0SS

RNS MAY NOT BE

AVATLABLE, FOR MISSION




INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLIRG

TRANSEARTH INJECTION

PULSED AFTERCOOLING
BIBCOURSE CORRECTION-IDLE MOUE
TRANSEARTH COAST

F & TRANSLUNAR INJECTION J s APOLUNE PLANE CHANGE
G PULSED AFTERCOOLING K PULSED AFTERCOOLING
BIDCOURSE CORRECTION—1DLE MODE -
TRANSLUNAR COAST L e CIACULARIZE AT TARGET ALTITUDE
1 - HYBRID [TI E
" L INSERTION INTO ELLIFTICAL LUNAR ORBIY ULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS
FAILURE EFFECT ON

COMMAND AND CONTRCL N
SUBSYSTEM PERFORMANCE

RELIABILITY FAILURE EFFECT ANALYSIS

| MAISSION: LUNAR SHUTTLE
CLASS:
| MODULE:
| SYSTEM:

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

AUXTLIARY PROPULSTON PULSED AFTERCOOLING

FAILURE TYPE/MODE PHASE FAtLURE EFFECT ON RNS

991

ITEM

FUNCTION

36.01.04-19

VALVE, G02

NORMALLY OPEN SOLENOID VALVE
DIVERTS FLOW FROM GO02
REGULATOR(S) T0 36.01.04-20

HEAT EXCHANGER N.C.VALVE

2.

3.

FAILURE TO OPEN

FAILURE TO CLOSE

LEAKAGE

NONE

VALVE IS IN PARALLEL TO 36.01.04-13
VALVE

NONE

VALVE IS IN SERIES TO 36.01.04-20
VALVE

POSSIBLE LOSS

DEPLETION OF APS OXIDIZER SUPPLY

<<dHENDDOYOI MG HEDQN

<G OHNHYO YO R Hm o

=

NONE

REDUNDANCY IS PROVIDED

POSSIBLE 1.0SS

.10S5 OF ATTITUDE CONTROL

POSSIELE 10SS
10SS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE 10SS

POSSIBLE LOSS
RNS MAY NOT BE

AVATTABLE FOR MISSION




Lyt

FORM 830-378

F o TRANSLUNAR INJECTION

ABILITY FAILURE EFEECT ANALYSIS J @ APOLUNE PLANE CHANGE O o (NSERTION INTO ELLIPTICAL LUNAR ORBIT T PULSED AFTERCOOLING
RELIABIL G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING e CoRRECTION~IDLE MODE
MISSION: LUNAR SHUTTLE rﬂ%%ﬂﬁzigoc%issiﬂom'ms MODE L o CIRCULARIZE AT TARGET ALTITUDE  Q e APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
.1 -
CLASS: HYBRID H o INSERTION INTO ELLIPTICAL LUNAR oREiT ™ PULSED AFTERCOOLING R PULSED AFTERCOOLING V  PULSED AFTERCOOLING
MODULE: COMMAND AND CONTROL ; - LUNAR ORBIT OPERATIONS S e TRAWSEARTH INJECTION W
SYSTEM:  AUXTLTARY FPROPULSION PULSED AFTERCOOLING ORBIT RESUPPLY AND C/O OPERATIONS
: FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON ANS MISSION OR SPACECRAFT
36.01.04-20
VALVE, GO2 NORMALLY CLOSED SOLENQID 1. TFAILURE TC OPEN NONE NONE NCNE
VALVE CONTROLS G02 FLOW TO VALVE IS PARALLEL TO 36.01.0L-15 REDUNDARCY IS PROVIDED
HFEAT EXCHANGER VALVE
2. FAILURE TC CLOSE NONE

LEAKAGE

VALVE IS IN SERIES TC 26.71.02-19

VALVE

POSSIBLE LOSS

DEPLETION OF APS OXIDIZES

SUPPLY

SoHRDOUWoIEHENGgHDOON

=

PCSSISLE LOSS

LOSS CF ATTITUDE CONTROL

<OHUMHOYUC I =g XN

=

POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

DURTNG EARTH ORBIT OPERATIONS

POSSIBLE 1CSS

POSSIBLE 10SS
RNS MAY WOT FE |

AVAITAPLE FOR MISSION




8hl

FORM 830378

F e TRANSLUNAR INJECTION J & APOLUNE PLANE CHANGE

O o INSERTION INTO ELLIPTICAL LUNAR ORBI PULSED AFTERCOOLING MODE
‘ ~IDLE
RELIABILITY FAILURE EFFECT ANALYSIS G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING AR ECTION=
| WISSION: LUNAR SHUTTLE D CORAECTION-IDLE MODE L e CIRCULARIZE AT TARGET ALTITUDE O o APOLUNE PLANE CHANGE U o EAATH ORBIT CAPTURE
| CLASS: 1 - HYBRID H e INSERTION INTO ELLIPTICAL LUNAR ORpyy @ T OLSED AFTERCOOLING " PULSED AFTERCOOLING ¥ PULSED AFTERCOOLING
MODULE: COMMAND AND CONTROL . PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS S o TRANSEARTH INJECTION W  ORBIT RESUPPLY AND C/O OPERATIONS [
SYSTEM: AUXILIARY PROPULSION EAILURE EFFECT ON ) EAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01.04-21
VALVE, GH2 NORMALLY CLOSED SOLENOID 1. FAILURE TO OPEN NONE NONE HNONE
VALVE CONTROLS GH2 FLOW TO VALVE IS PARALLEL TO 36.01.04-15 REDUNDANCY IS PROVIDED
HEAT EXCHANGER VALVE
2. TFAILURE TO CLOSE NONE

VALVE IS IN SERIES TO 36.01,02-25

VALVE
3. LEAKAGE POSSIBLE LOSS F {F | POSSIBLE LOSS POSSIBLE LOSS

G |G

DEPLETION OF APS FUEL SUPPLY H 1H | LOSS OF ATTITUDE CONTROL
I T
J {J
K K
L |L
1M
o jo
P |P
R 1Q
R IR
S IS
T T
U ju
v |V
[W |W | POSSTIBLE LOSS POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL RNS MAY NOT BE

DURING EARTH ORBIT OPERATIONS AVATLABLE FOR MISSION




6v1

FORM 830-378

F o TRANSLUNAR INJECTION J e APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCQOLING
RELIABILITY FAILURE EFFECT ANALYSIS MIDCOURSE CORRECTION~IDLE MODE
G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING TRANSEARTH COAST
M{DCOURSE CORRECTION—IDLE MODE
MISSION: Ll:lNAR SHUTTLE TRANSLUNAR COAST L @ CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE

| ShutT EARTH ORBIT CAPTURE
. 1 - WYEE PULSED AFTERCOOLING
I?At)%st?LE COMMAND AND INSERTION INTO ELLIPTICAL LUNAR oRgrr M PULSED AFTERCOOLING TH INJECTION PULSED AFTERCOOLING
. COMMAN ; 1 I
SYSTEM. AUXILIAZY FRC PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS TRANSEAR ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON FAILURE EFFECT ON
1TEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

36.01.0L-02 PROVIDE TCNITION . ; ONE NONE

SOURCE FOR O2H2 MIXTURE ENERGIZE REDUNDANCY IS PROVIDED BY

36.01.04-16




0s1

F s TRANSLUNAR INJECTION J & APOLUNE PLANE CHANGE O @ INSERTION INTO ELLIPTICAL LUNAR ORBIT T  PULSED AFTERCOOLING
-F T ARALYSIS - v "
RELIABILITY FAILURE EFFECT A G PULSED AFTERGOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING HMIDCOURSE CORREGTION-IOLE MODE
| MISSION: LUNAR SHUTTLE ?;()A%Os%it}\%%%ﬂ;inONqDLg MODE L o GIRCULARIZE AT TARGET ALTITUDE Q © APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
. CLASS: 1 - HYBRID % PULSED AFTERCOOLING #  PULSED AFTERCOOLING ) .
. COMMARD AND CONTROL H e INSERTION INTO ELLIPTICAL LUNAR ORBIT : - vV PULSED AFTERCOOLING 7
" :\?g}élpf AUXTLIARY DROPULS;ON | PULSED AFTERCOOLING LUNAR ORBIT OPERATIONS § o TRAUSEARTH INECTION W ORBIT RESUPPLY AND C/O OFERATIONS |
' h FAILURE EFFECT OR FAILURE EFFECT O
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01.04-23
GAS GENERATOR PROVIDE THERMC ENERGY FOR 1. FAILURE TO IGNITE NONE NONE NONE

USE IN HEAT EXCHANGERS TO

CONDITION PROPELLANTS

REDUNDANCY IS FROVIDED BY

36.01.04-17 GAS GENERATOR

REDUNDANCY IS PROVIDED




[£11

FOQRM 830-376

F o TRANSLUNAR INJECTION J @ APOLUNE PLANE CHANGE o INSERTION INTO ELLIPTICAL LUNAR ORBIT T PULSED AFTERCOOLING

o
1 -
RELIABILITY FAILURE EFFECT ANALYSIS 6 PULSED AFTERCOOLING K PULSED AFTERGOOLING P PULSED AFTERCOOLING %l‘t‘)\c':‘%té:%g%gingN IDLE MODE
MISSION: LUNAR SHUTTLE e CORRECTION-IDLE MODE L e CIRCULARIZE AT TARGET ALTITUDE Q o APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
. 1 -
CLASS: . ooy HYBRAKD CONTROL H @ INSERTION INTO ELLIPTICAL LUNAR ORBIT " PULSED AFTERCOOLING N PUL%ED AFTERCOOLING vV  PULSED AFTERCOOLING |
MODULE: ;UXﬂI‘mLI_ARmY PROPULS TN | PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS § @ TRAWSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS
SYSTEM: FA{LURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01.04-2k
HEAT EXCHANGER CONDITIONS THE OXYGEN 1. CLOGGED NONE NONE NONE
PROPELLANT BY RAISING ITS HEAT EXCHANGER IS PARALLEL TC REDUNDANCY IS FROVIDED
TEMPERATURE TO TRD °R 36.01.04-18 HEAT EXCHANGER
2. LEAXAGE POSSIBILE 1.0OSS F|F ] POSSIBLE LOSS POSSIBLE I0SS
GG
DEPLETION OF APS OXIDIZER SUPPLY HiH | LOSS OF ATTITUDE CONTROL
1T
J\J
KK
LiL
MM
oo
PP
qle
R{R
SIS
TIT
vy
VIV
W MW { POSSIBLE LOSS POSSIBLE 10SS
10SS OF ATTITUDE CONTRCL RNS MAY NOT 3E
DURING EARTH ORBIT OPERATIONS AVATLARLE FOR MISSION




et

[ CLASS:
| MODULE:

£ o TRANSLUNAR INJECTION

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
1 - HYBRID

COMMAND AND CONTROL

G PULSED AFTERCOOLING
SIDCOURSE CORRECTION--1DLE MODE

TRANSLUKNAR COAST

J @ APOLUNE PLANE CHANGE

K PULSED AFTERCOOLING

L & CIRCULARIZE AT TARGET ALTITUDE
] PULSED AFTERCOOLING

H e INSERTION INTO ELLIPTICAL LUNAR ORBIT

SYSTEM: AUXILIARY PROPULSION

ITEM

FUNCTION

[ PULSED AFTERCOOLING

FAILURE TYPE/MODE

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFYERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

HAIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING o
ORBIT RESUPPLY AND C/O OPERATIONS |

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01-04-25

VAIVE, GO2

NORMALLY OPEN SOLENOID VALVE

DIVERTS FLOW FROM GO2

REGUIATOR(S) to 36.01.02-15

HEAT EXCHANGER N,C. VALVE

1.

2,

FAILURE TO OPEN

FAILURE TC CLCSE

NOKRE
VALVE IS IN PARALLEL TO

36.01.04-26 VALVE
NONE

VALVE IS IN SERIES TO 36.01.02-15
VALVE
POSSIBLE LOSS

DEPLETICN OF APS OXIDIZER SUPPLY

= <ogHONOTOoORCDRagHTD A

NONE

REDUNDANCY IS PROVIDED

POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

POSSIBLE LOSS
LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE LOSS

POSSIBLE LOSS
RNS MAY NOT BE

AVAITABLE FOR MISSION




¢l

FORM 830-378

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
CLASS: 1 - HYBRID

MODULE:
SYSTEM:

ITEM

F e TRANSLUNAR INJECTION

G PULSED AFTERCOOLING
MIDCOURSE CORRECTION~{DLE MODE

TRANSLUNAR COAST
INSERTION INTO ELLIPTICAL LUNAR ORBIT

COMMAND AND CONTROL
AUXILTARY PROPULSION

FUNCTION

PULSED AFTERCOOLING

FAILURE TYPE/MODE

J e APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L ® CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

MIBCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.0k-26

VALVE, 02

NORMALLY OPEN SOLENOID VALVE
DIVERTS FLOW FROM GO2 REGULA-
TOR(S) TO 36.01.02-20 HEAT

EXCHANGER N,C, VALVE

1.

2.

FAILURE TO OFEN

FAILURE T0O CLOSE

NONE

VALVE IS IN PARALLEL TO
36.01.0k-25 VALVE

NONE

VALVE IS IN SERIES TO
36.01.02-20

POSSIBLE LOSS

DEPLETION OF APS OXIDIZER SUPPLY

E O CQHOYWOUORHRMHIEQR

NONE

REDUNDANCY IS PROVIDED

POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

s CHODOUWORMHMROGHETON

POSSIBLE LOSS
LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBIE 10SS

POSSIBLE 10SS

RNS MAY NOT BE

AVAILABLE FOR MISSION




el

FORM E630-376

F o TRANSLUNAR INJECTION J & APOLUNE PLANE CHANGE O o INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
YSi "
RELIABILITY FAILURE EFFECT ANALYSIS G PULSED AFTERCOOLING K PULSED AFTERCOOLING b PULSED AETERCOGLING gmziiig%gﬁgrﬂon {BLE MODE
#1SSION: LUNAR SHUTTLE ?;‘ii%‘igiig%%‘fgm””'mé MODE L & CIRCULARIZE AT TARGET ALTITUDE O o APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
. CLASS: ) 1 - HYBRID b e INSERTION INTO ELLIPTICAL LUNAR oppit FULSED AFTERCOOLING " PULS_% AFTERCOOLING vV PULSED AFTERCOOLING ;
- ?\?Sqrté;l? ﬁgﬁg&%ggﬁg&q \  PULSED AFTERCOOLING LUNAR ORBIT OPERATIONS § o TRANSEARTH INJECTION W ORGIT AESUPPLY AND C/O OPERATIONS [
: - FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNGTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT OR RNS FAISSION OR SPACECRAET

| | 36.01.0h-27 ’

DUCTING, GO2 CONNECT ALL COMPONENTS OF 1. ZLEAKAGE POSSIBLE LOSS ¥ | 7} POSSIBLE IOSS POSSIBLE LOSS 7
GG

THE 36.01.04 GO2 PRESSURANT DEPLETION OF APS (OXIDIZER SUPPLY H | | LOSS OF ATTITUDE CONTROL
I}I
SYSTEM J1J
KIK
L{L
MiM
(o} N¢]
PP { P
QlQ
R|R
518
T|T
Ulu
viv
W { W] POSSIBLE LOSS POSSIBLE LOSS
L0SS OF ATTITUDE CONTROL RNS MAY NOT BE

DURING EARTH ORBIT OPERATIONS AVATTABIE FOR MISSION




111

FORM 83D.3758

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
CLASS: 1 - HYBRID

MODULE:
SYSTEM:

ITEM

F e TRANSLUNAR INJECTION

G PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE

TRANSLUNAR COAST

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING
CIRCULARIZE AT TARGET ALTITUDE
PULSED AFTERCOOLING

INSERTION INTO ELLIPTICAL LUNAR ORBIT

COMMAND AND CONTROL
AUXILIARY PROPULSION

FUNCTION

PULSED AFTERCOOLING

FAILURE TYPE/MODE

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCGE

PHASE

INSERTION INTQ ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

MIDCOURSE CORRECTION~IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.05-01

CHECK VALVE, LO2

PROVIDE UNIDIRECTIONAL FLOW

FROM TURBOPUMP TO HEAT

EXCHANGER

1.

2.

FATILURE TO OFEN

FAILURE TO CLOSE

NCNE
VALVE IS IN PARALLEL WITH THE
36.01.05~05 CHECK VALVE
POSSIBLE LOSS

DEPLETION OF APS OXIDIZER SUPPLY

< CHMOWOWORRuyHmGe=

=

NONE

REDUNDANCY IS PRCVIDED

POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

= <AdHNWOCORMHNg HTQ

POSSIBLE 1.0SS

LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE 1085

POSSIBLE LOSS
RNS MAY NOT BE

AVATIABLE FOR MISSION




_ CLASS:

RELIABILITY FAILURE EFFECT ANALYSIS

F e

MISSION: LUNAR SHUTTLE
1 - HYBRID
| MODULE:

SYSTEM:

ITEM

G

COMMAND AND CONTROL
AUXTLIARY PROPULSION

FUNCTION

TRANSLUNAR INJECTION
PULSED AFTERCOOLING

EIDCOURSE CORRECTION~IDLE MODE

TRANSLUNAR COAST

& APOLUNE PLANE CHA
PULSED AFTERCOOLING

)
B
L e CIRCULARIZE AT TARGET ALTITUDE
B4

PULSED AFTERCOOLING

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRAKSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE CORRETTION-IDLE MODE
TRANSEARTH COAST

EARTH QRBIT CAPTURE
PULSED AFTERCOOLING

ORBIT RESUPPLY ARD C/C OPERATIONS |

FAILURE EFFECT ON
MISSION OR SPACECRAFY

36.01.05-02

TURBOPUMP

PUMP 102 TO HEAT EXCHANGER
TO PROVIDE (02 FCR APS
ENGINES, HEAT EXCHANGERS
AND PROVIDE PRESSURANT GAS

FOR LO2 SUPPLY SYSTEM

1. FAILURE TO START
2. FAILURE TO DELIVER

AS REQUIRED

NONE
TURBOPUMP IS IN PARALLEL WITH

THE 36.01.05-06 TURBOPUMP

NONE

REDUNDANCY IS PROVIDED




181

FORM 830-375

F e TRANSLUNAR INJECTION

4 e APOLUNE PLANE CHANGE

INSERTION INTO ELLIPTICAL LUNAR ORBIT

LURE EFFECT ANALYSIS o T WIDGOURSE CORRECTIO
RELIABILITY FAI G PULSED AFTERCOOLING K PULSED AFTERCOQOLING P PULSED AFTERCOOLING ?ADA(:‘%EAHTS%?)?;ESE-TION_IDLE MODE
MISSION: LUNAR SHUTTLE ’}‘;ﬂ%‘;‘daf‘ig%%ﬁ?'o""me MODE L o CIRCULARIZE AT TARGET ALTITUDE Q e APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
CLASS: 1 - HYBRID M PULSED AFTERCOOLING R PULSED AFTERCOOLING v P
H INSERTION INTO ELLIPTICAL LUNAR ORBIT . ULSED AFTERCQOLING
| MODULE: X?X@I?ER‘YHER%NU%?%N | PULSED AFTERCOOLING LUNAR ORBIT OPERATIONS S o TRANSEARTH INJECTION W OABIT RESUPPLY AND C/O OPERATIONS
SYSTEM: N EAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01.05-03
VALVE, 102 NORMALLY CLOSED (W.C.) 1. FAILURE TO OPEN NONE NONE NONE
SOLENCID VALVE CONTROLS 2. FAILURE TC CLOSE THIS VALVE IS IN PARATIEL WITH *REDUNDANCY IS PROVIDED
FILOW FROM 102 SUPPLY TO THE 36.01.05-07 N. C. VALVE
36.01.05-02 TURBOPUMP 3. LEAKAGE POSSIBLE 10SS F | F| POSSIBLE 10SS POSSIBLE 10SS
GG
DEPLETION OF APS OXIDIZER SUPPLY H | H] LOSS OF ATTITUDE CONTROIL
I|{I
J|J
KK
LIL
MIM
010
PiP
Qle
R{R
S|s
TIiT
uivu
Viv
W JW{ POSSIBLE I0SS POSSIBLE I0SS

LOSS OF ATTITUDE CONTROL

DURING BARTH ORBIT OPERATIONS

RNS MAY NOT BE

AVAITABLE FOR MISSION




841

FORM BI-376

F @ TRANSLUNAR INJECTION J & APOLUNE PLANE CHANGE G & INSERTION INTO ELLIPTICAL LUNAR ORBIT T  PULSED AFTERCOOLING
AELIABILITY FAILURE EFFECT ANALYSIS 6 PULSED AFTERCOOLING k  PULSED AFTERCOOLING P PULSED AFTERCOOLING ?éi%qsgiﬁ_goai%now«me HMOUE
MIDCOURSE CORRECTION-IDLE MODE
| ssion: LUINAR SHUTTLE TRANSLUNAR COAST L & CIRCULARIZE AT TARGET ALTITUDE O e APOLUNE P:ANE CHA:GE U o EARTH ORBIT CAPTURE
A ~ N ETERE 5 PULS
e C@-ﬂ&gu}?ﬁi]}jm CONTROL H s INSERTION INTO ELLIPTICAL LUNAR omprr ©  PULSED AFTERCOOLING ;j -m:',ﬁi fwfm.{?u. G; V. PULSED AFTERCOOLING ‘
|| MODULE: e DROPULOTCN | PULSED AETERCOOLING N LUNAR ORBIT OPERATIONS S o TRANSEARTH INZCTION W ORBIT RESUPPLY AND C/D GPERATIONS I
SYSTEM: FAILURE EFFECT O EAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
36.01.05-0h
VAIVE, L02 NORMALLY OPEN (N.O0.) 1. FAILURE TO OPEN NONE NONE NONE P
SOLENOID VALVE DIRECTS FLOW | 2. FAILURE TO CIOSE THIS VALVE IS IN PARALLEL WITH REDUNDANCY iS PROVIDED
102 SUPPLY TO 36.01.05-02 THE 36.01,05-08 N, O, VALVE
TURBOPUMP VIA 36.01.05-03 3. LEAKAGE POSSIBLE LOSS POSSIBLE LOSS POSSIBLE LOSS

DEPLETION OF APS OXIDIZER SUPPLY LOSS OF ATTITUDE CONTROL

EPEEEEEEEPERPEGEEEERE]
e <oHONOOWOEHRUNIQE

POSSIBLE 10SS POSSIBLE 1.0SS
LOSS OF ATTITUDE CONTROL RNS MAY NOT BE

DURING EARTH ORBIT OPERATIONS AVATIABLE FOR MISSION




F o TRANSLUNAR INJECTION

G PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSLUNAR COAST

RELIABILITY FAILURE EFFECT ANALYSIS

| PAISSION: LUNAR SHUTTLE

CLASS: 1 - HYBRID

MODULE: COMMAND AND CONTROL
SYSTEM: AUXILIARY PROPULSION

ITEM

! PULSED AFTERCOOLING

FUNCTION FAILURE TYPE/MODE

J @ APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L o CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

H e INSERTION INTO ELLIPTICAL LUNAR OR8BIT

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS |

FAILURE EFFECT ON
FISSION OR SPACECRAFT

36.01.05-05

CHECK VALVE, L0O2 FROVIDE UNIDIRECTIONAL FLOW | 1. FAILURE TO OPEN

FROM TURBOPUMP TO HEAT 2. FATLURE TC CLOSE

EXCHANGER

NONE

VALVE IS IN PARALLEL WITH THE
36.01.05-01 CHECK VALVE
POSSIBLE LOSS

DEPLETION OF APS OXIDIZER SUPPLY

F
G
H
I
J
K
L
M
0
P
Q
R
S
T
U
v
W

NONE

REDUNDANCY IS FROVIDED

POSSIBLE LOSS

10SS OF ATTITUDE CONTROL

= < cdHNWOHORE G T

POSSIBLE IOSS
10SS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE IOSS

POSSIBLE LOSS
RNS MAY NOT BE

AVATLABLE FOR MISSION




FORM 830378

F s TRANSLUNAR INJECTION

RELIABILITY FAILURE EFFECT ARALYSIS

FAISSION: LUNAR SHUTTLE
1 - HYBRID

CLASS:

| MODULE: COMMAND AND CONTROL
SYSTEM:

ITEM

G PULSED AFTERCOOLING
841DCOURSE CORRECTION--IDLE MODE

TRANSLUNAR COAST

J & APOLUNE PLANE CHANGE
|4 PULSED AFTERCQOLING

L e CIRCULARIZE AT TARGET ALTITUDE

B PULSED AFTERCOOLING

W e INSERTION INTO ELLIPTICAL LUNAR ORBIT

AUXILIARY PROPULSION

FUNCTION

¢ PULSED AFTERCOOLING

FAILURE TYPE/MODE

] LUNAR CRBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

INGERTION (HTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLIRG

APGLUNE PLANE CHANRGE

PULSED AFTERCOOLING

TRAMSEARTH INJECTION

PHASE FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
HIDCOURSE CORAECTION-IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/0 CPERATIONS
FAILURE EFFECT ON
MISSION OF SPACECRAFT

36.01.05-06

TURBOPUMP

PP 102 TO HEAT EXCHANGER
TO FROVIDE GO2 FUEL FOR APS
ENGINES, HEAT EXCHANGERS AND
PROVIDE PRESSURANT GAS FOR

102 SUPPLY SYSTEM.

1.

2.

FATLURE TO START
FATLURE TO DELIVER

AS REQUIRED

NONE
TURBOPUMP IS IN PARALLEL WITH

THE 36.01.05~02 TURBOPUMP

NONE

REDUNDANCY IS PROVIDED




191

FOAM B30-376

G

O ELLIPTICAL LUNAR ORBIT T PULSED AFTERCOOLING

F o TRANSLUNAR INJECTION J 8 APOLUNE PLANE CHANGE o INSERTION INT

o
RELIABILITY FAILURE EFFECT ANALYSIS MIDCOURSE CORR -1 M
G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING AR COney | ON-IDLE MODE
MISSION: LUNAR SHUTTLE MIDCOURSE CORRECTION-IDLE MODE L e CIRCULARIZE AT TARGET ALTITUDE Q s APOLUNE PLANE CHANGE
"1 - HYRRTD TRANSLUNAR COAST U @ EARTH ORBIT CAPTURE
: - HY? R PULSED AFTERCOOLING
PCJEJ}BSUSLE COMMAND AND CONTROL H o INSERTION INTO ELLIPTICAL LUNAR oRgiT M PULSED AFTERCOOLING SEARTH INJECTION V. PULSED AFTERCOOLING
R eI | PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS S o TRAWSE W ORBIT RESUPPLY AND C/O OPERATIONS

| SYSTEM: AUXILIARY FROPULSION
: FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANGE PHASE FAILURE EFFECT ON ANS MISSION OR SPACECRAFT

36.01.05-07

VALVE, L.OP

NCRMALLY CLOSED (N.C.) 1. TFAILURE TO OPEN NONE NONE NONE

SOLENOID VALVE CONTROLS 2. FAILURE TC CLOSE THIS VALVE IS IN PARALLEL REDUNDANCY IS PROVIDED

FLOW FROM LO2 SUPPLY TC WITH THE 36.01.05-C3 N, C. VALVE

36.01.05-06 TURBOPUMP 3. LEAKAGE POSSIBLE LOSS

POSSIBLE LOSS POSSIBLE LOSS

DEPLETION OF APS OXIDIZER SUPPLY LOSS OF ATTITUDE CONTROL

T < OHUXOWOROXN MO
L SO NUWOWORHRGHTEO N

POSSIBLE LOSS POSSIBLE LOSS

10SS OF ATTITUDE CONTROL RNS MAY NOT BE

DURING EARTH ORBIT OPERATIONS AVAITABLE FOR MISSION




291

FORM B30-378

RELIABILITY FAILURE EFFECT ANALYSIS

|| MISSION: LUNAR SHUTTLE

| CLASS: 1 - HYBRID

© MODULE: COMMAND AND CONTROL
SYSTEM: AUXILIARY PROPULSICN

ITEM FURCTION

TRANSLUNAR INJECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION~IDLE B40DE
THANSLUNAR COAST

J & APOLUNE PLANE CHANGE

K PULSED AFTEXCOOLING

L e CIHCULARIZE AT TARGET ALTITUDE
% PULSED AFTERCOOLING

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

@

PHASE

IRSERTION INTO ELLIFTICAL LURAR ORaIT
PULSED AFTERCOOLING

APOLUNE PLANE CHARGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

FULSED AFTERCOOLING
HIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCODLING |
ORBIT RESUPPLY AND C/O OPERATIONS |

FAILURE EFFECT ON
HISSION OR SPACECRAFT

36.01.05-08
VALVE, 102 NORMALLY OPEN (N.0.)
SOLENOID VALVE DIRECTS
FLOW FROM LOZ2 SUPPLY TO
36.01.05-06 TURBOPUMP VIA

36.01.05-07 VALVE

1. FAILURE TO OPEN

2. TFAILURE TO CLOSE

NONE
THIS VALVE IS IN PARALLEL WITH
THE 36.01.05-04 N,0, VALVE
POSSIBLE LOSS

DEPLETICN OF APS OXIDIZER SUPPLY

2 <o nHormwoRMHROgHTO™

NONE

REDUNDANCY IS FROVIDED

POSSIBLE 10SS

10SS OF ATTITUDE CONTROL

H <cCcHUOYWOMWMORCNuyMITan

POSSIBIE 1.0SS

10SS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE IOSS

POSSIBLE 10SS
RNS MAY NOT BE

AVAITABLE FOR MISSION




€91

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
CLASS: 1 - HYBRID

MODULE: COMMAND AND CONTROL
SYSTEM: AUXILIARY PROPULSION

ITEM FUNCTION

F @ TRANSLUNAR INJECTION

G

J ® APOLUNE PLANE CHANGE
PULSED AFTERCOOLING K PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE L @ CIRCULARIZE AT TARGET ALTITUDE

TRANSLUNAR COAST
INSERTION INTO ELLIPTICAL LUNAR ORarr M PULSED AFTERCOOLING

PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON

FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRAWSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.05-09

L02 TANK STORE LO2 SUPPLY

POSSIBLE LOSS

DEPLETION OF APS OXIDIZER SUPPLY

i3
G
H
3
J
¥
i
M
0
i
3
R
S
T
U
v

=

<OSHNHONOR NG WO

=

POSSIBLE 10SS

LOSS OF ATTITUDE CONTROL

POSSIBLE 10SS
LOSS CF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE LOSS

POSSIBLE LOSS
RNS MAY NOT BE

AVATLABLE FOR MISSION




| CLASS:

RELIABILITY FAILURE EFFECT ANALYSIS

FAISSION: LUNAR SHUTTLE

1 - HYBRID

COMMAND AND CONTROL
AUXILTARY PROFPULSION
ITEM

~ MODULE:
| SYSTEM:

FUNCTION

F e TRANSLUNAR INJECTION

G

PULSED AFTERCOOLING
MIDCOUBSE CORRECTION--IDLE t0DE
TRANSLUNAR COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIT
N

PULSED AFTERCOOLING

FAILURE TYPE/MODE

§ & APOLUNE PLANE CHANGE

K PULSED AFTERCOOLING

L e CIRCULARIZE AT TARGET ALTITUDE
1 PULSED AFTERCOOLING

LUNAR ORBIT GPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

IHSERTION IRTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOULING

APOLUNE FPLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

#IDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTEACOOLING .
ORBIT RESUPPLY AND C/O OPERATIONS I

FAILURE EFFECT ON
MISSION OR SPACECRAFT

36.01.05-10
VALVE, 102 FILL VALVE USED TO
GROUND FILL REPLENISH 102 SUPPLY

DURING GROUND FILL

FAILURE TO CPEN

FAILURE TO

REMAIN OPEN

FATLURE TC CLOSE

FAILURE TO

REMAIN CLOSED

LEAXAGE

NONE
VALVE IS REQUIRED TO OPERATE

DURING GROUND OPERATIONS ONLY

NONE - VALVE IS IN SERIES WITH
36.01,05-11 CHECK DISCONNECT
POSSIBLE 10SS

DEPLETION OF APS OXIDIZER SUPPLY

= <odHNWOHWORHNRGHT M

NONE
REDUNDANCY IS PROVIDED
POSSIBLE LOSS

LOSS OF ATTITUDE CONTROL

POSSIBLE I10SS
ICSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE 10SS

POSSIBLE 1OSS

RNS MAY NOT BE

AVAILABLE FOR MISSION




91

FORM 830.375

F o TRANSLUNAR INJECTION J o APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS MIDCOURSE CORRECTION—IDLE MODE
G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING TRANSEARTH COAST
MIDCOURSE CORRECTION—IDLE MODE
MISSION: LUNAR SHUTTLE TRANSLUNAR COAST L o CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE EARTH ORBIT CAPTURE

[ L
CLASS: 1 BRI o INSERTION INTO ELLIPTICAL LUNAR ORgiT ™  PULSED AFTERCOOLING PULSED AFTERCOOLING PULSED AFTERCOOLING
MODULE: ES%‘QI\}DR,?IERSS{ESI (I)'C%N | PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS TRANSEARTH INJECTION ORBIT RESUPPLY AND C/O OPERATIONS
SYSTEM: TARY PROPU ! FAILURE EFFECT ON FAILURE EFFECT ON

ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

36.01.05-11
DISCONNECT, LO2 PROVIDE INTERFACE WITH . NONE - DISCONNECT IS IN SERIES NONE

GROUND FILL GROUND SUPPORT EQUIPMENT WITH THE 36.01.05-10 FILL VALVE REDUNDANCY IS PROVIDED

TO APS LO2 SUPPLY SYSTEM




SELIABILITY FAILURE EFFECT ANALYSIS £ & TRANSLUNAR INJECTION I o APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING i
MISSION: LUNAR SHUTTLE R s ONIDLE HODE L & CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE EARTH ORBIT CAPTURE
|| CLASS: 1 - HYBRID INSERTION INTO ELLIPTICAL LUNAR ORBiT 7 TULSED AFTERCOOLING FULSED AFTERCOOLING PULSED AFTERCOOLING
© MODULE: COMMAND AND CONTROL PULSED AFTERCOOLING M LUNAR ORBIT GPERATIONS 8 & TRANSEARTH INJECTION W ORBIT RESUPFLY AND C/0 OPERATION
SYSTEM:  AUKILIARY PROPULSION FAILURE EFFECT ON FAILURE EFFECT ON

ITEM FURCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

36.01.05-12

QUAD VALVES (1 set), | QUAD VALVE SET USED TO 1. FATLURE TO OPEN NONE

LO2 TANK VENT RELIEVE EXCESSIVE PRESSURE 2. FAILURE TO CLOSE THE QUAD VALVE SET CONTAINS TWO
BUTIDUP IN LO2 TANK SUBSETS OF VALVES IN SFRIES AND
PARALLEL TO EACH OTHER

POSSIBLE LOSS POSSIBLE LOSS POSSIBLE LOSS

DEPLETION OF APS OXIDIZER SUPFLY LOSS OF ATTITUDE CONTROL

GOHNUWOYWORHE R yHEOQE
<N O YO R MG HID QM

=
=

POSSIBLE LOSS- POSSIBLE LOSS
LOSS OF ATTITUDE CONTROL RNS MAY NOT' BE

DURING EARTH ORBIT OPERATIONS AVATIABLE FOR MISSION




91

FORM 830-378

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
CLASS: 1 - HYBRID

| MODULE:; COMMAND AND CONTROL
SYSTEM: AUXILIARY PROPULSION

G

F e TRANSLUNAR INJECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE

TRANSLUNAR COAST

J e APOLUNE PLANE CHANGE

K PULSED AFTERCOOLING

L e CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING

H o INSERTION INTO ELLIPTICAL LUNAR ORBIT

| PULSED AFTERCOOLING

LUNAR ORBIT OPERATIONS
FAILURE EFFECT ON

w O v O
L]

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

EF < C

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE

TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS
FAILURE EFFECT ON

ITEM FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON ANS MISSION OR SPACECRAFT
36.01.05-13
DUCTING, 102 CONNECT ALL COMPONENTS OF 1. LEAKAGE POSSIBLE LOSS F |F | POSSIBLE 1OSS POSSIBLE 10SS
G {G
THE 36.01.05 102 STORAGE DEPLETION OF APS CXIDIZER SUPPLY |[H {H | LOSS OF ATTITUDE CONTRCL
T I
SYSTEM J |7
K Ix
L L |
M M
o lo
P P
Q |Q
R R
s 1S
T |T
U {u
v v

B
=

POSSTBLE TOSS

LOSS OF ATTITUDE CONTROL

DURING EARTH ORBIT OPERATIONS

POSSIBLE LOSS
RNS MAY NOT BE

AVATIABLE FOR MISSION




891

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
| cuass: 1w

- MODULE: COMMATD AND CONTROL
| gYSTEM: GUIDANCE NAVIGATION AND CONTROL

F e TRANSLUNAR INMECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE
TRANSLUNAR COAST

H e INSERTION INTO ELLIFTICAL LUNAR ORBIT

G

i

PULSED AFTERCOOLING

4 e APGLUKE PLANE CHANGE
#® PULSED AFTERCOOLING
I
8

. o CIRCULARIZE AT TARGET ALTITUDE

PULSED AFTERCOOLING
] LUNAR ORBIT CPERATIONS

FAILURE EFFECT ON

o

W om oD

e INSERTION INTO ELLIPTICAL LUNAR ORBIT T
PULSED AFTERCOOLIKG
& APOLURE PLANE CHARGE

PULSED AFTERCOOLING
e TRAMSEARTH INJECTION

PULSED AFTERCOOLING

HIDCOURSE CORRECTION—IDLE MODE

TRAMSEARTH COAST

EARTH ORBIT CAPYURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS |
FALLURE EFFECT ON

ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
37.01.01 PROVIDE PITCH RATE AND 1. FAILURE TO ACTUAL LOSS ¢ | | mone ¥or F AWD sumsequenT PHASES. | NowE
= pITcH Gyro AMD ATTITUDE SIGNAL FOR OPERATE REDUNDANCY IS PROVIDED EY REDUNDANCY IS PROVIDED BY
ELECTRONICS FLIGHT CONTROL PITCH GYROS 37.01.02 AND PITCH GYROS 37.01.02 AND
37.01.03. 37.01.03
2. ERRONEOUS OUTPUT | ACTUAL L0SS r | | NovE For F AvD sussequenT PHAsES. | mowe

COMPUTER WILL RECEIVE THREE
OUTPUTS FROM GYROS 37.01.01,
37,01.02 AND 37.01.03 AND WILL
USE A 2/3 LOGIC TO ELIMINATE

A FATLED GYRO.

REDUNDANCY IS FROVIDED.




691

FORM 830-376

F o TRANSLUNAR INJECTION J @ APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS MIDCOURSE CORRECTION—IDLE MODE
G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING TRANSEARTH COAST
MISSION: LUNAR SHUTTLE ?ﬂi?smii%o&fsﬁ."o""me Mape L o CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE

U EARTH ORBIT CAPTURE

CLASS: H Al INSERTION INTO ELLIPTICAL LUNAR orert M FULSED AFTERCOOLING PULSED AFTERCOOLING PULSED AFTERCOOLING

MODULE: COMMAND AND CONTROL N LUNAR ORBIT OPERATIONS TRANSEARTH INJECTION

SYSTEM: CUIDANCE NAVIGATION AND CONTROL PULSED AFTERCOOLING ORBIT RESUPPLY AND C/O GPERATIONS

FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

37.01.02 PROVIDES PITCH RATE ATD 1. TFAILURE TO ACTUAL LOSS F NONE FOR F AND SUBSEQUENT PHASES. | NONE
PITCH GYRO AND ATTITUDE SIGNAL FOR OPERATE REDUNDANCY IS PROVIDED BY REDUNDANCY IS5 PROVIDED BY
ELECTRONICS FLIGHT CONTROL PITCH GYROS 37.01.01 AND PITCH GYROS 37.01.01 AND

37.01.03 37.01.03

2. ERRONEOUS OUTPUT ACTUAL LOSS NONE FOR F AND SUBSEQUENT PHASES.
COMPUTER WILL RECEIVE THREE REDUNDANCY IS PROVIDED.
QUTPUTS FROM GYROS 37.01.01,

37.01.02 AND 37.01.03 AND WILL

USE A 2/3 LOGIC TO ELIMINATE

A FAILED GYRO.




041

FORM 836375

RELIABILITY FAILURE EFFECT ANALYSIS

HISSION: LUNAR SHUTTLE
| ctass:
| MODULE:

SYSTEM:
ITEM

COMMAND CONTROL
GUIDANCE NAVIGATION AND CONTROL

FUNCTION

o TRAKSLUNAR INJECTION

PULSED AFTERCOOLING
LIDCOURSE CORRECTION-IDLE MODE
TRANRSLUKAR COAST

& o APOLUNE PLANE CHANGE

® PULSED AFTERCOOLING

L e CIRCULARIZE AT TARGET ALTITUDE
B PULSED AFTERCOULING

INSERTION INTO ELLIPTICAL LUNAR GRBIY

PULSED AFTERCOOLING

FAILURE TYPE/MODE

"

LUNAR ORBIT CPERATIONS

FAILURE EFFECT.ON
SUBSYSTEM PERFORMANCE

F:

wom LoD

& IRSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING
e AFOLUNE PLANE CHANGE

PULSED AFTERCOOLING
o TRANSEARTH INJECTION

PHASE FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE CORNECTION-IDLE MODE
TRAKSEARTH COASY

EARTH ORBIT CAFTURE
PULSED AFYERCOOLING
ORBIT RESUFFLY AND C/G OFERATIONS |
FAILURE EFFECT ON
MISSION OR SPACECRAFT

37.01.03
PITCH GYRO AND

ELECTRONICS

PROVIDES PITCH RATE AND

ATTITUDE SIGHAL FOR

FLIGHT CONTROL

1. FAILURE TO

OPERATE

2. ERRONEOUS OUTPUT

ACTUAL LOSS
REDUNDANCY IS PROVIDED BY
PITCH FYROS 37.01.0Z2 AND

37.01.01.

ACTUAL LOSS

COMPUTER WILL RECEIVE THREE
OUTPUTS FROM GYROS 37.01.01,
37,01.02 AWD 37.01.03 AND WILL

USE A 2/3 LOGIC TO ELIMINATE

A FAILED GYRO.

REDUNDANCY IS PROVIDED BY
PITCH GYROS 37.01.02 AND

37.01.01

REDUNDANCY IS PROVIDED.

F NONE FOR F AND SUBSEQUENT PHASES.

F NONE FOR F AND SUBSEQUENT PHASES.

NONE B

NONE




74

FORM . I

RELIABILITY FAILURE EFFECT ANALYSIS
PAISSION: LURAR SHUTTLE

o TRANSLUNAR INJECTION
PULSED AFTERCOOLING

MIDCOURSE CORRECTION—-IDLE MODE

TRANSLUNAR COAST

J o APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L e CIRCULARIZE AT TARGET ALTITUDE

“ O v O

© INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING
@ APOLUNE PLANE CHANGE

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

CLASS: o INSERTION INTO ELLIPTICAL LUNAR oppiT ' PULSED AFTERCOOLING PULSED AFTERCOOLING 3 ’ :3::00;:::;;:3:2
$MODULE: COMMAND AND CONTROL LUNAR ORBIT GPERATIONS e TRANSEARTH INJECTION
SYSTEM: GUIDANCE NAVIGATION AND CONTROL PULSED AFTERCOOLING W ORBIT RESUPPLY AND C/O OPERATIONS
’ FAILURE EFFECT ON FAILURE EFFECT ON ‘
ITER FURCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
37.01.04
YAW GYRO AND PROVIDES YAW RATE AND 1. FAILURE TO ACTUAL I0SS F NONE FOR F AND SUBSEQUENT PHASES.| NONE
ELECTRONICS ATTITUDE SIGNAI. FOR OPERATE REDUNDANCY IS PROVIDED BY YAW REDUNDANCY IS PROVIDED BY YAW
FLIGHT CONTROL GYROS 37.01.05 AND 7.01.06. GYROS 37.01.05 AND 37.01.06.
2. ERRONEOUS OUTPUT. ACTUAL LOSS F NONE FOR F AND SUBSEQUENT PHASES. NONE

COMPUTER WILL RECEIVE THREE
OUTPUTS FROM GYROS 37.01.0kh,
37,01,05 AND 37.01.06 AND WILL
USE A 2/3 I0GIC TO ELIMINATE

A FATILED GYRO.

REDUNDANCY IS PROVIDED.




at

RELIABILITY FAILURE EFFECT ANALYSIS

BAISSION: LUNAR SHUTTLE

TRAMSLUNAR INECTION

PULSED AFTERCOOLING
HHIDCOURSE CORRECTION~IDLE MODE
TRANSLUNAR COAST

@

APOLUNE PLAME CHANGE
PULSED AFTERQOOLING

'R e
®

CIRCULARIZE AT TARGET ALTITUDE

L2 I < T A v ]

& INSERTION INTO ELLIPTICAL LUNAR ORBIT T
FULSED AFTERCOOLING
& APOLUNE PLANE CHANGE

PULSED AFTERCOULING
HMIDCOURSE CORRECTION~IDLE MODE
TRAKSEARTH COAST

COMPUTER WILL RECEIVE THREE
OUTPUTS FROM GYROS 37.01.0k,
37.01.05 AND 37.01.06 AND WILL
USE A 2/3 TOGIC TO ELIMINATE A

FAILED GYRO.

REDUNDANCY IS FROVIDED.

¥ o EARTH OHRBIT CAPTURE

CLASS: M IRSERTION INTO ELLIPTICAL LURAR ORBIT PULSED AFTERCOOLING PULSED AFTERCOOLING v PULSED AFTERCOOLING -
? MODULE: COMMAND AND CONTROL PULSED AFTERCOOLING B LUNAR ORBIT OPERATIONS o TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OFERATIONS |

SYSTEM: GUIDANCE NAVIGATION AND CONTROL FAILURE EFFECT ON FAILURE EFFECT ON '

ITEM FURCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

37.01.05

YAW GYRO AND PROVIDES YAW RATE AND 1. FATLURE TO ACTUAL LOSS F| |NONE FOR F AND SUBSEQUENT PHASES. | NONE

ELECTRONICS ATTITUDE SIGNAL FOR OPERATE. REDUNDANCY IS PROVIDED BY YAW REDUNDANCY IS PROVIDED BY YAW

FLIGHT CONTROL. GYROS 37.01.04 AND 37.01.06 GYROS 37.01.04 and 37.01.05.
2. ERRONEOUS OUTPUT ACTUAL L.OSS F| |NONE FOR F AND SUBSEQUENT PHASES. | NONE




(721

FORM 830375

F o TRANSLUNAR INJECTION 1 o APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS _
G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING MIDCOURSE CORRECTION-IDLE MODE

TRANSEARTH COAST
MIDCOURSE CORRECTION—IDLE MODE
MISSION: LUNAR SHUTTLE TRANSLUNAR COAST L @ CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE

M AFTERCOOLING EARTH ORBIT CAPTURE
. PULSED i
EJ'Z)‘:JSSLE COMMATD AND CONTROL INSERTION INTO ELLIPTICAL LUNAR ORaiT M PULSED AFTERCOOLING PULSED AFTERCOOLING

SYSTEM:  GUIDANCE NAVIGATTON AND CONTROL PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS TRANSEARTH INJECTION ORBIT RESUPPLY AND C/O OPERATIONS

‘ FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

37.01.06
YAW GYRO AID PROVIDES YAW RATE AND 1. FAILURE TO ACTUAL 10SS NONE FOR F AND SUBSEQUENT PHASE.
ELECTRONICS ATTITUDE SIGNAL FOR OPERATE REDUNDANCY IS PROGIDED BY YAW REDUNDANCY IS PROVIDED BY YAW

FLIGHT CONTROL GYROS 37.01.04 AND 37.01.05 GYROS 37.01.04 AND 37.01.05

2. ERRONEOUS OUTPUT. ACTUAL 10SS NONE FOR F AND SUBSEQUENT PHASES.
COMPUTER WILL RECEIVE THREE REDUNDANCY IS PROVIDED

OUTPUTS FOR GYROS 37.01.0k4,
37.01.05 AND 37.01.06 AND WILL

USE A 2/3 LOGIC TO ELIMINATE

A FAILED GYRO.




740

FORM BM-578

) ) F & TRANSLUNAR INJEGTION 4 o APOLUNE PLANE CHANGE O o INSERTION INTO ELLIPTICAL LUNAR ORBIT T  PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING HIDCOURSE CORRECTION-IDLE MODE

HISSION: LUNAR SHUTTLE ?éﬁgiii?&ﬁmw“mw HODE L & CIRCULARIZE AT TARGET ALTITUDE O o APOLUNE PLANE CHANGE U o EARTH ORBIT e

gﬁésg&: COMMAND AND CONTROL s IRSERTION INTO ELLIFTICAL LUNAR ORBIT © z‘;f::‘:;ﬁs:::;:?ms Z ) i:i;:::iix;ﬁ V  PULSED APTERCOOLING 4
SYSTEM: GUIDANCE NAVIGATION AND CONTROL i PULSED AFTERCOOLING R W ORBIT RESUPPLY AND C/O OPERATIONS
. : FAILURE EFFECT ON FAILURE EFFECT OH

ITER FURCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS BAISSION OR SPACECRAFY
37.01.07

| ROLL GYRO AID PROVIDES ROLL RATE AND

ELECTRONICS ATTITUDE SIGNAL FOR FLIGHT

CONTROL

1. FAILURE TO

OPERATE

2. ERRONEOUS OUTPUT

LACTUAL 1.0SS
REDUNDANCY IS FROVIDED BY ROLL

GYROS 37.01.08 and 37.01.09

ACTUAL LOSS

COMPUTER WILL RECEIVE THREE
OUTPUTS FROM GYROS 37.01.07,
37,01.08 and 37.01.09 AND WILL
USE A 2/3 LOGIC TO ELIMINATE A

FATLED GYRO.

F NONE FOR F AND SUBSEQUENT PHASES.
REDUNDANCY IS PROVIDED BY ROLL

GYROS 37.01.08 and 37.01.09.

F NONE FOR F AND SUBSEQUENT PHASES.

REDUNDANCY IS PROVIDED.

NONE

NONE




A

| sysTEm:

F o TRANSLUNAR INJECTION

G PULSED AFTERCOOLING .
MIDCOURSE CORRECTION-IDLE MODE
TRANSLUNAR COAST

RELIABILITY FAILURE EFFECT ANALYSIS

PAISSION: LUNAR SHUTTLE
CLASS: 1H

J ® APOLUNE PLANE CHANGE

K PULSED AFTERCOOLING

L o CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING

H 2 INSERTION INTO ELLIPTICAL LUNAR ORBIT

MODULE: COMMAND AND CONTROL
GUIDANCE, NAVIGATION & CONTROL

\TEM FUNCTION

| PULSED AFTERCOOLING

FAILURE TYPE/MODE

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

PHASE FAILURE EFFECT ON ANS

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION QR SPACECRAFT

37.01.08

PROVIDES ROLL RATE AND 1. FAILURE TO OPERATE

ROLL GYRO AND

ATTITUDE SIGNAL FOR
ELECTRONICS
FLIGHT CONTROL

2. ERRONEOUS OUTPUT

ACTUAL 10SS

REDUNDANCY IS PROVIDED BY ROLL

GYROS 37.01.07 AND 37.01.09
ACTUAL 10SS

COMPUTER WILL RECEIVE THREE
OUTPUTS FROM GYROS 37.01.07,
37,01.08 AND 37.01.09 AND WILL
USE A 2/3 10GIC TO ELIMINATE A

FAIIFD GYRO.

NONE FOR F AND SUBSEQUENT PHASES
REDUNDANCY IS FROVIDED BY ROLL
GYROS 37.01.07 AND 37.01.09
NONE FOR F AND SUBSEQUENT PHASES

REDUNDANCY IS PROVIDED




9Ll

gCTion - E CHANGE 0 = (HSERTION INTO ELLIPTICAL LUNAR ORBIT T  PULSED AFTERCOGLING
REL‘ABELITY FA}LURE EEFECT ANALYSES F e THANSLUNAR INJECTION 4 & APOLUNE PLANE CHA © ) i R e CORAECTIONDLE MODE
, G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING R e
MISSION: LUNAR SHUTTLE D COLRSE OOy | ONDLE HODE L & CIRCULARIZE AT TARGET ALTITUDE Q o AFOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
‘ g{("}%sil 1 W e INSERTION INTO ELLIPTICAL LURAR oRgrr ¥ PULSED AFTERCOOLING R FULSED AFTERmUM’M ¥ PULSED AFTERCOOLING
ULE: COMMAND AND CORTROL ¢ LUNAR ORBIT CPERATIONS S o TRANSEARTH INJECTIO W ORBIT RESUPPLY AND C/O OPERATIONS |
| SYSTEM: GUIDANCE, NAVIGATION AND CONTROL | o o0 AFTERCOOLING ESURPLY AR 1085 |
. FAILURE EFFECT ON FAILURE EFFECT OR -
ITEM FURCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
37.01.09
ROLL GYRO AND PROVIDES ROLL RATE AND 1. FAILURE TO OPERATE ACTUAL 1.0SS F NONE FOR F AND SUBSEQUENT PHASES. | NONE L
ELECTRONICS ATTITUDE SIGNAL FOR REDUNDANCY IS PROVIDED BY ROLL REDUNDARCY IS PROVIDED BY ROLL
FLIGHT CONTROL GYROS 37.01.07 AND 37.01.08 GYROS 37.01.07 AND 37.01.08
P. ERRONEOUS OUTPUT ACTUAL LOSS F NONE FOR F AND SUBSEQUENT PHASES. | NONE
COMPUTER WILL RECEIVE THREE REDUNDANCY IS FROVIDED

OUTPUTS FROM GYROS 37.01.07,
37.01.08 AND 37.01.09 AND WILL
USE A 2/3 LOGIC TO ELIMINATE A

FATLED GYRO.




LT

FORM 830-376

F o TRANSLUNAR INJECTION

G PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSLUNAR COAST

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNARSHUTTLE

CLASS: 1H

MODULE: COMMAND AND CONTROL

SYSTEM: GUIDANCE NAVIGATION AND CONTROL

ITEM FUNCTION

He
| PULSED AFTERCCOLING

FAILURE TYPE/MODE

INSERTION INTO ELLIPTICAL LUNAR ORBIT

J @ APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L e CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

PHASE FAILURE EFFECT ON RNS

PULSED AFTERCQOLING
#IDCOURSE CORRECTION-IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

37.01.10

POWER SUPPLY AND CONVERT RAW ELECTRICAL 1. FAILURE TO

REGULATORS POWER TO APPROPRIATE OPERATE
VOLTAGE REQUIRED FOR
ASTRIONICS SYSTEM

COMPONENTS

ACTUAL 1OSS
REDUNDANT POWER SUPPLY
37.01.11 WILL PROVIDE REQUIRED

ELECTRICAL POWER.

ACTUAL LOSS

ABILITY OF POWER SUPPLY TO
CONVERT FLECTRICAIL POWER IS
LOST. REDUNDANT POWER SUPPLY
37.01.11 WILL PROVIDE REQUIRED

POWER, REVERSE CURRENT REIAY

37.01.12 WILL REMOVE POWER

SUPPLY FROM SYSTEM,

NONE FOR F AND SUBSEQUENT PHASES.
REDUNDANCY IS PROVIDED BY

POWER SUPPLY 37.01.11.

NONE FOR F AND SUBSEQUENT SYSTEM.

REDUNDANCY IS PROVIDED.




RELIABILITY FAILURE EFFECT ANALYSIS

HISSION: LUNAR SHUTTLE
CLASS: 1H
WMODULE: COMMAND AND CONTROL

¢ e TRANBLUNAR INECTION

PULSED AFTERCOOLING

MIDCOURSE CORRECTION-IDLE MODE

TRANSLURAR COAST

INSERTION INTO BELLIFTICAL LURAR ORBIT

5 & APOLUNE PLANE CHANGE

PULSED AFTERCOOLING
CIACULARIZE AT TARGET ALTITUDE
PUILSED AFTERCOOLING

LUNAR ORBIT OPERATIONS

o IMSERTION INTO BLLIPTICAL LUKAR GREIT
# PULSED AFTERCOULING

O o APOLUNE PLANE CHANGE

@ PULSED AFTERCDOLING

§ ¢ TRAANSEARTH INJECTION

PULSED AFTERCOOLING
HIDCOUABE CORRECTIOH-DLE MODE
TRANSEARTH COMST

EARTH ORBIT CAPTURE
PULEED AFTERCOOLING

GUTDANCE NAVIGATION AND CONTROL PULSED AFTERCOOLING

SYSTEM:

811

ITEM

FURCTION

FAILURE TYPE/MODE

FAILURE EFFECY ON
SUBSYSTEM PERFORMANCE

PHASE

FAILURE EFFECT ON RNS

OGREIT RESUFPLY AKD C/0 CFERATIONS
FAILURE EFFECT ON '
BAISSION OR SPACECRAFT

37.01.11

POWER SUPPLY

AND REGULATORS

CONVERT RAW ELECTRICAL
POWER TO APPROFRIATE VOLTAGE
REQUIRED FOR ASTRICNICS

SYSTEM COMPONENTS

1.

FAILURE TO

OPERATE

LOST.

ACTUAL LOSS
REDUNDANT POWER SUPPLY 37.01.10
WILL PROVIDE REQUIRED ELECTRICAL

POWER

ACTUAL LOSS

ABILITY OF POWER SUFPLY TO
CONVERT ELECTRICAL POWER IS
REDUNDANT POWER SUPPLY
37.01.10 WILL PROVIDE REQUIRED
POWER, REVERSE CURRENT RELAY
37.01.13 WILL REMOVE POWER SUPPLY

FROM SYSTEM.

i3

NONE FOR F AND SUBSEQUENT FHASES.
REDUNDANCY IS POWERED BY POWER

SUPPLY 37.01.10.

NONE FOR F AND SUBSEQUENT SYSTEM.

REDUNDANCY IS PROVIDED.

NONE




6l1

RORM 832378

RELIABILITY FAILURE EFFECT ANALYSIS

J o APOLUNE PLANE CHANGE

° INSERTION INTO ELLIPTICAL LUNAR ORBIT T

F o TRANSLUNAR INJECTION o PULSED AFTERCOOLING
G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING AT CORRECTION-IDLE MODE
MISSION: LUNAR SHUTTLE ;A;mt:nzago&ich‘nord—ime MODE L o CIRCULARIZE AT TARGET ALTITUDE Q o APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
CLASS: 11 H o INSERTION INTO ELLIPTICAL LUNAR OReiT M PULSED AFTERCOOLING R PULSED AFTERCOOLING vV PULSED AFTERCOOLING
HODUI;'E-. gm;ﬁvgﬁfggﬁ XD CONTROL | PULSED AFTERCOOLING LUNAR ORBIT OPERATIONS $ o TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS
SYSTEM: FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
37.01.12
REVERSE CURRENT MONITOR THE DIRECTION OF 1. FAILURE TO NONE., FAILURE DOES NOT APPLY TO NONE NONE
RETAY ASSEMBLY CURRENRT OUT OF THE POWER OPERATE A SINGLE FAILURE ANALYSIS
SUPPLY 37.01.10 AND DIS-
CONNECT THE SUPPLY IF THE 2., OPERATES WHEN ACTUAL 1088 F NONE FOR F AND SUBSEQUENT PHASES, | NONE

SUPPLY DRAWN CURRENT FROM

THE SYSTEM

NOT REQUIRED.

POWER SUPPLY 37.01.10 IS REMOVED
FROM THE SYSTEM,

POWER SUPPLY 37.01.11 WILL PROVIDE

THE REQUIRED ELECTRICAL POVER,

REDUNDANT

REDUNDANCY I35 FROVIDED.




FORM BID2TE

RELIABILITY FAILURE EFFECT ANALYSIS

MAISSION: LUNAR SHUTTLE
CLASS: 1H
BOOULE: COMMAND AND CONTROL
| SYSTE#: GUIDANCE NAVIGATION AND CONTROL

ITEW FUKRCTION

TRANSLUKAR INECTIOR £ & APOLUNE PLANE CHARGE

PULSED AFTERCOOLING ® PULSED AFTERCOOLING

IDCOURSE CORRECTION-IDLE MODE

THANSLUNAR COAST L & CIRCULARIZE AT TARGET ALTITUDE
b PULBED AFTERCOOLING

M LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

INSERTION iINTO ELLIPTICAL LUNAR ORBIY
PULSED AFTERCOOLING

FAILURE TYPE/MODE

INSERTION INTO ELLIFTICAL LUNAR ORBIT
PULSED AFTERCCOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRAMSEARTH INJECTION

PHASE

FAILURE EFFECT ON ANS

PULSED AFTERCOOLING

MIDCOURSE CORRECTION-1DLE MODE
THANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLIRG

ORBIT BESUFPLY AND C/O OPERATION

FAILURE EFFECT ON
MISSION OR SPACECRAFT

37.01.13
REVERSE CURRENT MONITOR THE DIRECTION OF
RELAY ASSEMBLY CURRENT OUT OF THE POWER
SUFPPLY 37.01.11 AND DIS~
CONNECT THE SUPPLY IF THE
SUPPLY DRAWN CURRENT FROM

THE SYSTEM.

FAILURE TO NONE, FAILURE DOES NOT APPLY TO A

OPERATE SINGLE FAILURE ANALYSIS
OPERATES WHEN ACTUAL 1088
NOT REQUIRED POWER SUPPLY 37.01.11 IS REMOVED
FROM THE SYSTEM. REDUNDANT POWER
SUPPLY 37.01.10 WILL PROVIDE THE

REQUIRED ELECTRICAL POWER.

NONE FOR F AND SUBSEQUENT PHASES.

REDUNDANCY IS PROVIDED.
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FORM 830-376

SYSTEM:
ITEM

RELIABILITY FAILURE EFFECT ANALYSIS Z ®
MISSION: LUNAR SHUTTLE
CLASS: 1H "
MODULE: COMMAND AND CONTROL @

GUIDANCE, NAVIGATION AID CONTROL '

FUNCTION

TRANSLUNAR INJECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSLUNAR COAST

4 e APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L o CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCQOLING

FAILURE TYPE/MODE

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

“ 3P O

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT T
PULSED AFTERCOOLING
APQLUNE PLANE CHANGE
PULSED AFTERCCOLING
TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE COARECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS |

FAILURE EFFECT ON
MISSION OR SPACECRAFT

37.01.1k

HORIZON SENSOR

PROVIDES ROLL AND PITCH

RATES AND ATTITUDE SIGNALS

1. FAILURE TO

OPERATE

2. ERRONEOUS OUTPUT

ACTUAL 1088
THIS IS NOT REQUIRED FOR SYSTEM
OPERATION, APFROFRIATE SIGNALS
CAN BE OBTAINED FROM OTHER
SENSORS INCLUDING THE REDUNDANT

HORIZON SENSOR 37.01.15

SAME AS ABOVE,

NONE FOR F AND SUBSEQUENT PHASES.

REDUNDANCY IS PROVIDED.

NONE FOR F AND SUBSEQUENT PHASES,

NONE




281

FORM 830-378

F o TRANSLUNAR INJECTION s> APOLUKE PLANE CHARGE IMSERTION INTO ELLIPTICAL LUNAR ORBIT 3 PULSED AFTERCOOLING

G PULSED AFTERCOOLING PULSED ARTEACOOLING PULSED AFTERCOOLING D neE CORRECTION-OLE HODE
MISSION: LUBAR SHUTTLE MIDCOURSE CORRECTION-IDLE 1ODE CIRCULARIZE AT TARGEY ALTITUDE APOLUNE PLANE CHARGE

CLASS . 1H TRANSLONAR GORST F PULSED AFTERCOOLING EARTH GRBIT CAFTURE

g: 1 PULSED AFTERCOOLING

A e g SERTION INTG ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLIKG |

1 g‘?giétf é%&%ﬁ{g;*\mm%ﬁga AND CONTROL PULSED AFTERCOOLING B LUNAR ORBIT OPERATIONS TRANSEARTH INIECTION GREFY RESUFPLY AND C/G CFERATIONS T
: ? FAILURE EFFECT ON FAILURE EFFECT ON

iTEM FURCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMARNCE PHASE FAILURE EFFECT ON RKS BISSION OR SPACECRAFT

RELIABILITY FAILURE EFFECT ANALYSIS

37.01.15 PROVIDE ROLL AND PITCH RATES |1. FAILURE TO ACTUAL LOBS F NONE FOR F AND SUBSEQUENT PHASES. |NONE
HORIZON SENSOR AND ATTITUDE SIGNALS OPERATE THIS ITEM IS NOT REQUIRED FOR REDUNDANCY IS FROVIDED.
SYSTEM OPERATION, APPROPRIATE
SIGNALS CAN BE OBTAINED FROM
OTHER SENSORS INCLUDING THE

REDUNDANT HORIZON, SENSOR 37.01.1lk.

'2. ERRONEOUS OUTPUT SAME AS ABOVE NONE FOR F AND SUBSEQUENT PHASES.




F e
G

RELIABILITY FAILURE EFFECT ANALYSIS

HSSION: LURARSHUTTLE

"

COMMAND AND CONTROL

GUIDANCE, NAVIGATION AND CONTROL

ITEM FUNCTION

H e

SYSTEM: !

PULSED AFTERCOOLING K
MIDCOURSE CORAECTION-—IDLE MODR
TRANSLUNAR COAST

TRANSLUNAR INJECTION J e APOLUNE PLANE CHANGE
PULSED AFTERCOOLING
L ® CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS
FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

1MSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

FAILURE TYPE/MODE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

PHASE FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
MIDCOURSE CORRECTION~IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

37.01.16

TANDMARK TRACKER PROVIDES POSITION INFORMA-

TION FOR THE GUIDANCE,

NAVIGATION AND CONTROL

1. TFAILURE TO ACTUAL LOSS

OPERATE THIS ITEM IS NOT RBEQUIRED FOR
SYSTEM OPERATION, APPROPRIATE
SIGNALS CAN BE OBTAINED FROM
OTHER SENSORS INCLUDING THE
REDUNDANT LANDMARK TRACKER
37.01.17

2. ERRONEOUS OUTPUT SAME AS ABOVE

NONE FOR F AND SUBSEQUENT PHASES.

REDUNDANCY IS PROVIDED.

NONE FOR F AND SUBSEQUENT PHASES,




81

FOR

RELIABILITY FAILURE EFFECT ANALYSIS

F & THANSLURAR IRJECTION

PULSED AFTERCOULING
MIDCOURSE CORRECTION-DLE MODE
TAANSLUNAR COAST
INSERTION IRTO ELLIPTICAL LURNAR OREIT
PULSED AFTERCOOLING

FAILURE TYPE/MODE

§ & APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L & CIRCULARIZE AT TARGET ALTITUDE
B PULSED AFTERCOOLING
R LUMNAR ORBIT CPERATIONS
FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

W oo D

& MSERTION INTO SLLIFTICAL LUNAR OREIT T
PULEED AFTERCOOLING
@ APOLUNE PLAKE CHANGE

PULEED AFTERCOOLING
e TRAMSEARTH WUECTION

PHASE

FAILURE EFFECT ON RNS

PULBED AFTERCOOLING
MIDCOURSE COARRECTION-IDLE MODE
TRAMSEARTH COASY

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATI
FAILURE EFFECT OR
MISSION OR SPACECRAFT

G
FAISSION: LUNAR SHUTTLE
CLASS: 18 Hoe
| MODULE: COMMAND AND CONTROL i
SYSTEM: GUIDANCE, NAVIGATION ARD CONTROL
{TER FURCTION
37.01.17

TANDMARK TRACKER

PROVIDES POSITION INFORMA-
TION FOR THE GUIDANCE,

RAVIGATION AND CONTROL

1.

2,

FAILURE TO

OPERATE

ERRONEOUS OUTPUT

ACTUAL LOSS

THIS ITEM IS NOT REQUIRED FOR
SYSTEM OPERATION, APPROPRIATE
SIGNALS CAN BE OBTAmED FROM
OTHER SENSORS INCLUDING THE
REDUNDANT LANDMARK TRACKER
37.01.16

SAME AS ABOVE

NONE FOR F AND SUBSEQUENT PHASES.

NONE FOR F AND SUBSEQUENT PHASES,

HONE
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FORM 830-378

F @ TRANSLUNAR INJECTION J e APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT FULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS MIDCOURSE CORRECTION--IDLE MODE
G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING TRANSEARTH COAST
MIDCOURSE CORRECTION~I1DLE MODE
: T ARI P
FAISSION: LUNAR SHUTTLE TRANSLUNAR COAST L o CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE EARTH ORBIT CAPTURE

EALOT)SSLE Cl:}éthND AWD CONTROL INSERTION INTO ELLIFTICAL LUNAR oRasT 1 PULSED AFTERCOOLING PULSED AFTERCOUOLING PULSED AFTERGOOLING

e SYSTEM: GUTDANCE, NAVIGATTON AND CONTROL PULSED AETERCOOLING N LUNAR ORBIT OPERATIONS TRANSEARTH INJECTION ORBIT RESUPPLY AND C/O OPERATIONS
M 2

FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT QN RNS MISSION OR SPACECRAFT

37.01.18

STAR TRACKER PROVIDES POSITION INFORMATIONP 1. FAILURE TO ACTUAL LOSS NONE FOR F AND SUBSEQUENT PHASES.

FOR THE GUIDANCE, NAVIGATION OPERATE THIS ITEM IS NOT REQUIRED FOR REDUNDANCY IS PROVIDED.
AND CONTROL SYSTEM OPERATION, APPROPRIATE
SIGNALS CAN BE OBTAINED FROM
OTHER SENSCRS INCLUDING THE

REDUNDANT STAR TRACKER 37.01.19

2. ERRONEOUS OUTPUT SAME AS ABOVE NONE FOR F AND SUBSEQUENT PHASES,




981

£ & TRAMSLUMNAR IRJECTION

3 & APDLUNE PLANE CHANGE O & INSERTION INYO ELLWPTICAL LUNAR OFENT T PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS 6 PULSED AFTERCOOLING K PULSED AFTERCOOLING ¢ PULSED AFTERCOGLING %@wuﬁﬁﬁﬁem_mw RODE
HIDCOURSE CORRECTION~DLE MODE . e
g;%;gg; LUNAR SHUTTLE L UIAR popar L & CIRCULARIZE AT TARGET ALTITUDE 2 ® APOLUNE :TLARE (:HT:;}E U o EAmTH ORSIT CAPFTURE
| Gtass: oo H o INSERTION iNTO ELLIPTIGAL LUNAR ORary ©  'ULSED AFTERCOOLING PULSED AFTERCOOL Y PULEED AFTERCODLING
MGS%'U:IE-: U%ﬁﬂDEAm COIG{Z?I)LN D comrmos, | PULSED AFTERCOOLING N LUMAR ORBIT GPERATIONS S @ TRANSEARTH INJECTION W ORBIT RESUPPLY AND G/ CREBATICNS
SYSTEM:  GUIDANCE, NAVIGATIO FAILURE EFFECT ON FAILURE EFFECT O
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMARCE PHASE FAILURE EFFECT OM RNS HAISSION OR SPACECRAFT
37.01.19 PROVIDE POSITION INFORMA- 1. FAILURE TO ACTUAL LOSS ¥ NONE FOR F AND SUBSEQUENT PHASES,
STAR TRACKER TION FOR THE GUIDANCE, OPERATE THIS ITEM IS NOT REQUIRED FOR REDUNDANCY IS PROVIDED
NAVIGATION AND CONTROL SYSTEM OPERATION, APFROPRIATE
SIGNALS CAN BE OBTAINED FROM
QTHER SENSORS INCLUDING THE
REDUNDANT STAR TRACKER 37.01.18
2. ERRONEOUS QUTPUT SAME AS ABOVE F NONE FOR F AND SUBSEQUENT PHASES.

NONE




F o TRANSLUNAR INJECTION J o APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING

G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING S EnSE CORRECTION-IDLE MODE

BAISSION: LUNAR SHUTTLE :‘;DACNSOEZ‘(;:&%%%%“ON"'DLE MODE L e CIACULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE

1H LSED AFTERCOOLING EARTH ORBIT CAPTURE
LASS: COO! PUI A K
¢ : H o INSERTION INTO ELLIPTICAL LUNAR ORBIT M PULSED AFTER LING PULSED AFTERCOOLING

, "332’2;5 g%cﬁ CONTROL | PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS TRANSEARTH INJECTION ORBIT RESUPPLY AND C/O OPERATIONS
/S ' FAILURE EFFECT ON FAILURE EFFECT ON

ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

RELIABILITY FAILURE EFFECT ANALYSIS

37.0k,21 CORTROL VOLTAGE OUTPUT OF 1. FAILURE TO ACTUAL L0SS. L1OSS QOF ABILITY NONE FOR F AND SUBSEQUENT

VOLTAGE LIMITER FUEL CELL 37.04.05 OPERATE OF FUEL CELL 37.04.05 TO PHASES. REDUNDANCY IS PROVIDED

CONTROL SUPPLY ELECTRIC POWER. BY FUEL CELL 37.04,08,
REDUNDANT FUEL CELL 37.04.08

WILL PROVIDE ELECTRICAL POWER.
2. FAILURE TO POSSIBLE LOSS. INCORRECT POSSIBLE LOSS. POSSIBIE IOSS
OPERATE CORRECTLY VOLTAGE OUTPUT MAY CAUSE POSSIBLE LOSS OF ELECTRICAL
DEGRADED PERFORMANCE OF SYSTEM.

ELECTRICAL SYSTEM.,

HAHNDWONOERIHRUHT QM
HE<oHunOoWOoORBRAHRGaGHT QN




£ & TRANSLUNAR INJECTION J o APOLUNE PLANE CHANGE INSEATION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING

MIDCOURSE CORR - 500
G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING O neE IORRECTIONDLE FODE
HISSI0N: LUNAR SHUTTLE ?;ii?;ﬁﬁii?&f;ﬂm“'D"E HODE L e CHRCULARIZE AT TARGET ALTITUDE APOLURE PLANE CHANGE

CLASS: 1" # PULSED AFTERCOOLING PULSED AFTERCOOLING

RELIABILITY FAILURE EFFECT ANALYSIS

EARTH GRBIT CAPTURE

INSERTION THTO ELLIPTICAL LUNAR DRBIT PULSED AFTERCOOLING
| MOOULE:  COMMAND AND CONTROL N LUNAR ORBIT OPERATIONS TRANSEARTH INJECTION

| SYSTEM:

PULSED AFTERCOOLING ORBIT RESUPPLY AND C/O OPE
ELECTRICAL ESUPPL 0 OPERATIONS

FAILURE EFFECT ON FA{LURE EFFECT ON
ITEM FURCTION FAILURE TYPE/MOOE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS RISSION OR SPACECRAFT

37.04,22 CONTROL VOLTAGE OUTPUT 1. FAILURE TO ACTUAL 10SS NONE FOR F AND SUBSEQUENT
VOLTAGE LIMITER OF FUEL CELL 37.0u4.08 OPERATE LOSS OF ABILITY OF FUEL CELL PHASES. REDUNDANCY IS PROVIDED
CONTROL 37.04,08 TO SUPPLY ELECTRIC BY FUEL CELL 37.04.,05.

POWER. REDUNDANT FUEL CELL
37.04.05 WILL PROVIDE ELECTRICAL
POWER

2. FAILURE TO POSSIBLE LOSS POSSIBLE LOSS POSSIBLE 10SS
OPERATE CORRECTLY INCORRECT VOLTAGE OUTPUT POSSIBLE LOSS OF ELECTRICAL
MAY CAUSE DEGRADED PERFORMANCE SYSTEM.

OF ELECTRICAL SYSTEM

DR OYOR T N aHnas
HSCOHDWOWORZ RS Hma




F o TRANSLUNAR INJECTION 4 ® APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCQOLING

i -
G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING N uhsE CORAECTION-IDLE MODE

MIDCOURSE CORRECTION—IDLE MODE
. ALT LANE CHANGE
MISSION: LUNAR SHUTTLE TAANSLUNAR COAST L e CIACULARIZE AT TARGET ALTITUDE APOLUNE PTER oHaNS EARTH ORBIT CAPTURE
: CO PULSED AFTERCO!
:!le[)SlfLE égmmm AND CONTROL INSERTION INTO ELLIPTICAL LUNAR opaiT 1 PULSED AFTERCOOLING o ECTION PULSED AFTERCOOLING
: b N LUNAR ORBIT OPERATIONS TRANSEAR ORBIT RESUPPLY AND C/O OPERATIONS

) COMMATD AND CONTROL PULSED AFTERCOOLING
SYSTEM: ’ FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

RELIABILITY FAILURE EFFECT ANALYSIS

37.03.08

COMMAND LOGIC PERFORM UPLINK COMMAND 1, FAILURE TO ACTUAL 10SS NONE FOR F AND SUBSEQUENT PHASES,

UNIT ROUTING OPERATE UPLINK COMMAND SYSTEM WILL BE COMPONENT IS NOT REQUIRED FOR
INOPERATIVE, UPLINK COMMAND MISSION SUCCESS.
SYSTEM IS NOT REQUIRED FOR

MISSION SUCCESS.




061

AELIABILITY FAILURE EFFECT ARALYSIS

BISSION: LUNAR SHUTTLE

CLASS: 1H

| KODULE:
| SYSTEWM:

ITEM

COMMAND AND CORTROL
COMMAND AND CONTROL

FUNCTION

F & TRANSLUNAR INJECTION

PULSED AFTERCOOLIRG
PIDCOURSE CORRECTION-IDLE MODE
TRANSLURAR COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIY

PULSED AFTERCOOLING

FAILURE TYPE/MODE

4 & APOLUNE PLANE CHANGE
4 FULSED AFTERCOOLING

L & CIRCULARIZE AT TARGET ALTITUDE

By PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFEBT ON
SUBSYSTEM PERFORMANCE

IREERTION INTO ELLIFTICAL LUNAR OREWY
PULSED AFTERCOOLIRG

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRAMSEARTH INFECTION

PHASE

FAILURE EFFECT ON RNS

PULEED AFTERCOOLIRG
HIBCOUREE CORBECTION~IDLE MODE
TRANBEARTH COAST

EARTH ORBIT CAPTUAE
FULBED AFTERCOOLING

ORBIY RESUPPLY AND CIO CPERATIONE

FAILURE EFFECT OR
F4ISSION OR SPACECRAFY

37.03.09

TRACKING SYSTEM

RECEIVES AND TRANSMITS

TRACKING SIGNALS

1. FAILURE TO

OPERATE

ACTUAL 1.0SS
TRACKING CAPABILITY IS LOST,
TRACKING CAPABILITY IS NOT

REQUIRED FOR MISSION SUCCESS.

KORE FOR F AND SUGSEQUENT PHASES.

SYSTEM IS NOT REQUIRED FCR

MISSION SUCCESS.




16t

RELIABILITY FAILURE EFFECT ANALYSIS

| BSSION: LUNAR SHUTTLE
CLASS: 1H
| WMODULE:
| SYSTEM:

ITEM

G

COMMAND AND CONTROL
COMMAND AND CONTROL

FUNCTION

F o TRANSLUNAR INJECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—-IDLE MODE
TRANSLUNAR COAST

INSERTION INTO ELLIFTICAL LUNAR ORBIT

PULSED

AFTERCOOLING

FAILURE TYPE/MODE

J @ APOLUNE PLAMNE CHANGE
K PULSED AFTERCOOLING
L e CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—-1DLE MODE
TRAMSEARTH COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APDLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

U e EARTH ORBIT CAPTURE
v PULSED AFTERCOOLING
w ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

w 3 p VO
L]

PHASE FAHLURE EFFECT ON RNS

37.03.10

ANTENNA SYSTEM

[RECEIVE UPLINK SIGNALS AND

(TRANSMIT DOWNLINK SIGNALS

1.

FATLURE TO

OPERATE

IACTUAL LOSS

UPLINK COMMAI'D AND DOWNLINK DATA
CHANNELS WILL BE LOST.
THESE SYSTEMS ARE NOT REQUIRED FOR

IMISSTON SUCCESS.

F [NONE FOR F AND SUBSEQUENT PHASES. lNONE

ISYSTEMS ARE NOT REQUIRED FOR

MISSTON SUCCESS.




26t

BELIABILITY FAILURE EFFECT ANALYSIS

BIESION: LUNAR SHUTTLE

CLASS: in

P BODULE: COMMAKD AND CONTROL
| SYSTEM: COMMAND AND CONTROL

F e TRANSLUNAR INJECTION

G PLLSED AFTERCOOLING

MIDCOURSE CORRECTION-1DLE RODE

TRARSLUNAR COAST

4 & APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L oo CIRCULARIZE AT TARGET ALTITUDE
] PULSED AFTERCOOLING

H e IRSEATION INTO ELLIPTICAL LUNAR ORBIT
I PULSED AFTERCOOLING

LUNAR ORBIT OPERATIONS
FAILURE EFFECT ON

[0« S

& INSERTION IRTO ELLIPTICAL LUKRAR ORBIT

PULSED AFTERCOOLING
& APOLUNE FLANE CHANGE

PULSED AFTERCOOLING
o THANSEARTH INJECTION

PULSED AFTERCOOLING
BIDCOURSE CORRECTION-IDLE MODE
THRANSEARTH COASY

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/0 OPERATIONS
FAILURE EFFECT ON '

ITEM FUNCTIOR FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS HISSION OR SPACECRAFT
37.03.11
POAER AMPLIFIER AMPLIFIER DOWNLINK 1. FAILURE TO ACTUAL LOSS F NONE FOR F AND SUBSEQUENT PHASES. ] NONE
ASSEMBLY SIGRALS OPERATE DOWNLINK DATA SYSTEM IS LOST.

THIS SYSTEM IS NOT REQUIRED FOR

MISSION SUCCESS.

SYSTEM IS ROT REQUIRED FOR

MISSION SUCCESS.




EFORM 830-376

RELIABILITY FAILURE

EFFECT ANALYSIS

F @ TRANSLUNAR INJECTION

J e APOLUNE PLANE CHANGE

o INSERTION INTO ELLIPTICAL LUNAR ORBIT T

PULSED AFTERCOOLING

o
G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING :‘;‘}%‘;‘;ﬁﬁi,ﬁ%@'}iﬁ“"“""“ MODE

| BISSION: LUNAR SHUTTLE R Oy | N-IDLE MODE L © CIRCULARIZE AT TARGET ALTITUDE Q o APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE

CLASS: 1 H o INSERTION INTO ELLIPTICAL LUNAR ORaiT M PULSED AFTERCOOLING R PULSED AFTERCOOLING vV PULSED AFTERCOOLING
MODULE.: COl‘\mAND ﬁ CONTROL . PULSED AFTERCODLING N LUNAR ORBIT OPERATIONS S @ TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS |
| SYSTEM:  COMMAND AND CONTROL FAILURE EFFECT ON FAILURE EFFECT ON

ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
37.03.12
RECEIVER RECEIVES UPLINK SIGNALS 1. FAILURE TO ACTUAL LOSS F NONE FOR F AND SUBSEQUENT PHASES, | NONE
OPERATE

€61

THE UPLINK COMMAND SYSTEM IS

INOPERATIVE. THIS SYSTEM IS

NOT REQUIRED FOR MISSION SUCCESS.

THIS SYSTEM IS NOT REQUIRED FOR

MISSION SUCCESS.




BELIABILITY EAILURE EFFECT ANALYSIS 2 THANSLUNAR IRECTION 4 APOLURE PLANE CHANG {NSERTION (NTO ELLIPTICAL LUNAN ORBIT PULEED AFTERCOOLING

PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING §ADCOURLE CORRECTION-1DLE MODE
HMIDCOURSE CORRECTION—IDLE MODE
; wsggﬁ_ L%?Ag SHUTTLE e heC L o CIRCULARIZE AT TARGET ALTITUDE ;ﬁ;ﬁi;ﬁi ce;zf:fﬁ CARTH GREIT CAPTURE

EE‘%‘JL‘ COMMAND AND CONTROL INSERTION INTO ELLIPTICAL LUNAR oraiy PULSED AFTERGOOLING COOLING PULBED AFTERCOOLING

U gl gt SHL

- SYSTEM GRMAND AND GONTROL PULSED AFTERCOOLING M LUNAR ORBIT OPERATIONS TRAMBEARTH IRECTION GREIT RESUSPLY AND C/0 GREBATIONS

FAILURE EFFECT ON FAILURE EFFECT OR
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT OR RNS $AISSION OR SPACECRAFT

37.03.13
SIGNAL CONDITIONER DEMODULATES UPLINK SIGNALS l. FAILURE TO ACTUAL LOSS NONE FOR F AND SUBSEQUENT PHASES,
OPERATE THE UPLINK SYSTEM IS LOST., THIS THIS SYSTEM IS NOT REQUIRED FOR

SYSTEM IS ROT REQUIRED FOR MISSION MISSION SUCCESS.

SUCCESS.




FORM 830375

RELIABILITY FAILURE EFFECT ANALYSIS

| MISSION: LUNAR SHUTTLE
| CLASS: 1H

COMMAND ARD CONTROL
COMMAND AND CONTROL

FUNCTION

F o TRAMSLUNAR INJECTION
G PULSED AFTERCDOLING

MIDCOURSE CORRECTION—IDLE MODE
TRANSLUNAR COAST

4 @ APOLUME PLANE CHANGE
K PULSED AFTERCOOLING

L e CIRCULARIZE AT TARGET ALTITUDE

H o INSERTION INTO ELLIPTICAL LUNAR ORBIT M PULSED AFTER LING

t PULSED AFTERCOOLING

FAILURE TYPE/MODE

LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

©w 3 p v O

PHASE

INSERTION INTO ELLIPTICAL LUMNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

PULSED AFTEACOOLING
tADCOURSE CORRECTION-IDLE MODE
TRANSEAATH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS | |

FAILURE EFFECT ON
MISSION OR SPACECRAFT

HMODULE:
SYSTEM:
1TEH
37.03.1k

SIGNAL PROCESSOR

ASSEMBLY

61

PROCESSES UPLINK AND

DOWNLINK SIGNALS

1. FAILURE TO

OPERATE

ACTUAL LOSS
UPLINK AND DOWNLINK CAPABILITY
IS LOSsT.

THESE SYSTEMS ARE NOT REQUIRED

FOR MISSION SUCCESS.

SYSTEMS ARE NOT REQUIRED FOR

MISSTON SUCCESS.

NONE FOR F AND SUBSEQUENT FHASES.

NONE




F oo TRANSLUNAR IRJECTION J & APOLUNE PLANE CHANGE O o INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOULING
MIDCOURSE COR 1ON-— :
G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING Fmanse LORRECTION-IDLE MODE
ISSION: LUNAR SHUTTLE WIDCOURSE CORRECTIOR-IDLE MODE L @ CIRCULARIZE AT TARGET ALTITUDE Q e APOLUNE PLANE CHANGE
w4

} TRANSLUNAR COAST
CLASS: H N o . PULSED AFTERCOOLING R PULSED AFTERCOODLING PuLsED -
. MODULE: COMMAND AND CONTROL :‘ ¢ :’tsfs:zi:;:;z;«‘:t:c‘“ LUNAR GRB! B LUNAR ORBIT OPERATIONS S & TRANSEARTH INJECTION - G&:S‘Y “:jT:’RLC\??:‘;H/Q OPERATION
SYSTEM: ELECTRICAL REIT RESUPPLY ARD C PERATIONS
FAILURE EFFECT ON EAILURE EFFECT ON
ITEH FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

RELIABILITY FAILURE EFFECT ARALYSIS

EARTH ORBIT CAPTURE

37.04.01
HYDROGEN ASSEMBLY PROVIDE LIQUID HYDROGEN FOR POSSIBLE 10SS. 1OSS OF LH, FOR NONE FOR F AND SUBSEQUENT PHASES.
FUEL CELL 37.04.05 FUEL CELL 37.04.05 MAY PREVENT REDUNDANCY IS PROVIDED BY FUEL
GENERATION OF ELECTRICAL POWER. CELL 37.04.08.

FUEL CELL 37.04.08 WITH SEPARATE
LH, SUPPLY WILL PROVIDE ELECTRICAL

POWER.

POSSIBLE LOSS
POSSTBLE DAMAGE TO OTHER

POSSIBLE LOSS POSSIBLE LOSS
POSSIBLE DAMAGE TO OTHER
COMPONENTS TN THE COMMAND
AND CONTROL MODULE.

COMPONENTS TN THE SUBSYSTEM.

E< U HN IO WO RN R G TG
b e B I S e I AT g




L61

FORM 830376

F ® TRANSLUNAR INJECTION

J e APOLUNE PLANE CHANGE

INSERTION INTO ELLIPTICAL LUNAR ORBIT

HYDROGEN ASSEMBLY

PROVIDE LIQUID HYDROGEN

FOR FUEL CELL 37.04.08

1.

LEAK

POSSIBLE LOSS. LOSS OF IH, FOR

2
FUEL CELL 37.04.08 MAY PREVENT
GENERATION OF ELECTRICAL POWER.
FUEL CEIL 37.04.05 WITH SEPARATE
LH, SUPPLY WILL PROVIDE ELECTRI-
CAL POWER.
POSSIBLE LOSS
POSSIBLE DAMAGE TO OTHER

COMPONENTS IN THE SUBSYSTEM
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o T  PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS G PULSED AFTEACOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING S O ARECTION-IDLE MODE

g{isgson; LUER SHUTTLE R CORRECTION-IDLE MODE L o CIRCULARIZE AT TARGET ALTITUDE Q o APOLUNE PLA:;(;HA:;E U o EARTH ORBIT CAPTURE

: M PULSED AFTERCOOLING R PULSED AFTERCOOLI

: H o INSERTION INTO ELLIPTICAL LUNAR ORBIT vV PULSED AFTERCOOLING
gvosg’lél'.; g%‘gﬁg}%\? cﬁle CONTROL | PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS $ o TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS

: FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
37.0k4.02

NONE FOR F AND SUBSEQUENT PHASES.
REDUNDANCY IS PROVIDED BY FUEL

CELL 37.0k.05.

POSSIBLE LOSS
POSSIBLE DAMAGE TO OTHER
COMPONENTS IN THE COMMAND

AND CONTROL MODULE.

NONE

POSSIBLE LOSS
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EORM 830375

¥ o TRAMSLUNAR INECTION APGLUNE PLANE CHANGE G e IHSERTION INTO ELLIPTICAL LUNAR BT BULEZE D AFTERCODLING
LITY FPECT ANALYSIS s =
RELIABILITY FAILURE EFPECT A G PULSED AFTERCOOLING K PULSED AFTER G P PULSED AFTERCOOLING ?;WW WOR-IDLE MODE
HISSION: LUMAR SHUTTLE D oTRECTION-DLE MODE L & CIACULARIZE AT TARGET ALTITUDE O o APOLUNE PLANE CHANGE U o cARTH ORBIT
;C‘LA&S‘ e, }‘H‘P N H e INSBEATION INTO ELLIPTICAL LUNAR ORBIT # FPULSED AFTERCOOLING R PULSED AFTERCOOLING Y PULSED AFTERCODLING
, ;?;ié;: E%JC%HI)CTED CONTROL {  PULSED AFTERCOOLING N LUNAR ORBIT CPERATIONS S o TRANSEARYH IRECTION i T RESUPPLY ARD CHO OPERATIONE |
' FAILURE EFFECT ON FASLURE EFFECT OR
\TEW FURCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT OK RNS MISSION OR SPACECRAFY
37.04.03
- OXYGEN ASSEMBLY PROVIDE LIQUID OXYGEN FOR 1. LEAX POSSIBLE 10SS, LOSS OF 1.02 FOR F NONE FOR F AND SUBSEQUENT PHASES. { NONE L
FUEL CELL 37.04.05 FUEL CELL 37.04.05 MAY PREVENT REDUNDANCY IS PROVIDED BY FUEL
GENERATION OF ELECTRICAL POWER. CELL 37.0k.08.
FUEL CELL 37.04.08 WITH SEPARATE -
L02 SUPPLY WILL PROVIDE ELECTRICAL
POWER.
2. BURST POSSIBLE LOSS. POSSIBLE LOSS. POSSIBLE LOSS

POSSIBLE DAMAGE TO OTHER

COMPONENTS IN THE SUBSYSTEM.

E<CHONNORMOZEHRGHTQ "

CECEEGEPEEREE

POSSIBLE DAMAGE TO OTHER

COMPONENTS IN THE COMMAND AND

CONTROL MODULE.
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FORM 898978

F @ TRAMNSLUNAR INJECTION

INSERTION INTO ELLIPTICAL LUNAR ORBIT

J @ APOLUNE PLANE CHANGE 0e T PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS G PULSED AFTEACOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING ¥,‘,°A‘$“g‘;2§‘m‘i°c?,1§.°,“°"—'°“ MODE
BSI0N: LUNAR SHUTTLE :Fn'ooo. nsul siigoczrfsc‘:rﬂou—lmsuooe L ® CIRCULARIZE AT TARGET ALTITUDE Q e APOLUNE PLANE CHANGE U e EARTH ORBIT CAPTURE
7 CLASS: 10 H o INSERTION INTO ELLIPTICAL LUNAR oRair M PULSED AFTERCOOLING Rl PULSED AFTERCOOLING vV PULSED AFTERCOOLING
| H0DULE: CO!‘R-‘LAN?:C:ND CONTROL . PULSED AFTERCOOLING LUNAR ORBIT OPERATIONS S o TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS I
$¥8TEM: ELECTRICAL FAILURE EEFECT ON FAILURE EFFECT ON
ITER FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS BIISSION OR SPACECRAFT
37.0k.04
OXYGEN ASSEMBLY PROVIDE LIQUID OXYGEN FOR 1. LFAK POSSIBLE LOSS F NONE FOR F AND SUBSEQUENT PHASES. | NONE
FUEL CELL 37.0k4,08 10S$ OF 1O, FOR FUEL CELL REDUNDANCY IS PROVIDED BY FUEL
37.04,08 MAY PREVENT GENERATION CELL 37.0k.05
OF ELECTRICAL POWER. FUEL CELL
37.04.05 WITH SEPARATE Lo, SUPPLY
WILL PROVIDE ELECTRICAL POWER.
2. BURST POSSIBLE 1.0SS POSSIBLE 10SS. POSSIBLE LOSS

POSSIBLE DAMAGE TO OTHER COMPONENTS

IN THE SUBBYSTEM

BEOHRYO MO B IR G @

HddHOWOWOEIAHNGHET

POSSIBLE DAMAGE TO OTHER
COMPONENTS IN THE COMMAND AND

CONTROL MODULE.
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RELIABILITY FAILURE EFFECT ARALYSIS

MASSION: LUNAR SHUTTLE

F ¢ TRANSLUNAR INJECTION

G PULSED AFTERCOOLING

IDCOURSE CORRECTION-IDLE MODE

TRARSLUNAR COAST

4 @ APOLURE PLANE CHAMNGE
B PULSED AFTERCDOLING
L » CHRCULARIZE AT TARGEY ALTITUDE

@w o@m R vO
@

= INSERTION INTO ELLIPTICAL LURNAHR OREIT T
PULSED AFTERCOOLIRG
APOLUNE PLAME CHANGE

PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE
THARSEARTH COASTY

I CLASS: iH M PULSED AFTERCOOLING PULSED AFTERCOOLING U e EARTH GRBIT CAPTURE
7 wDULE. COMMAND ARD CONTROL :‘* ° ;’:;JSELSZEC:?;;:;?’:;-;(:;‘CAL LURAR ORBTT ¢ LUINAR OBBIT OPERATIONS e TRAMSEARTH INJECTION : :;ﬁmﬁ:;:;‘i?:;:i/c CPERATION e
svsTeEM: ~ ELECTRICAL FAILURE EFFECT ON FAILURE EFFECT ON
(TEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
37.04.05
| FUEL CELL GENERATES ELECTRICAL 1. FAILURE TO ACTUAL LOSS BUT REDUNDANCY IS F NONE FOR F AND SUBSEQUENT PHASES,.| NONE E
POWER FOR RNS SYSTEMS. QPERATE PROVIDED BY FUEL CELL 37.04.08. REDUNDANCY IS PROVIDED BY FUEL
CELL 37.04.08,
2. IEAK ACTUAL 10SS. SHUTOFF VALVES F NONE FOR F AND SUBSEQUENT PHASES,} NONE

37.04.11 AND 37.0k4.,13 PROVIDE
SHUTOFF CAPABILITY BUT LOSS OF
1H, AND 10, PREVENT GENERATION
OF ELECTRICAL POWER., ELECTRICAL
POWER WILL BE PROVIDED BY

REDUNDANT FUEL CELL 37.0k4,08.

REDUNDANCY IS PROVIDED BY FUEL

CELL, 37.0k4.08.




FORM 830.375

F ® TRANSLUNAR INJECTION J @ APOLUNE PLANE CHANGE

G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
MISSION: LUNAR SHUTTLE TRANSLUNAR COAST L o CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE
PULSED AFTERCOOLING

U o EARTH ORBIT CAPTURE
. %]
EA;ADSSLE g AND AND CONTROL INSERTION INTO ELLIPTICAL LUNAR ORBIT ™ PULSED AFTERCOOLING vV PULSED AFTERCOOLING
: N

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

RELIABILITY FAILURE EFEECT ANALYSIS INSERT!ON INTO ELUPTICA LUNAR ORBIT

LUNAR ORBIT OPERATIONS TRANSEARTH INJECTION

10¢

7 SYSTEM:  ELECTRICAL

\TEM FUNCTION

PULSED AFTERCOOLING

FAILURE TYPE/MODE

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

PHASE

w

FAILURE EFFECT ON RNS

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

37.0k4,06
HYDROGEN CONTROL CONTROLS FLOW OF LIQUID
ASSEMBLY HYDROGEN TO FUEL CELL

37.04.05

FAILURE TO

OPERATE .

FATLURE TO

CEASE CPERATION.

ACTUAL LOSS. LIQUID HYDROGEN WILL
NOT BE DELIVERED TO FUEL CELL
37.0k4,05, HOWEVER, FUEL CELL
37.04.08 WITH ITS SEPARATE IH,

CONTROL PROVIDES REDUNDANCY.

ACTUAL LOSS. SHUTOFF VALVE WILL
FREVENT ADDITIONAL LOSS OF IH,.
FUEL CELL 37.04.08 WILL PROVIDE

ELECTRICAL POWER.

POSSIBLE 10SS. T0SS OF LH, MAY

CAUSE 1OSS OF ABILITY OF FUEL
CELL 37.04.05 T0 PROVIDE ELEC-
TRICAL POWER. FUEL CELL 37.04.08

WILL PROVIDE ELECTRICAL POWER,

NONE FOR F AND SUBSEQUENT PHASES,
REDUNDANCY IS PROVIDED BY FUEL

CELL 37.0k.08.

NONE FOR F AND SUBSEQUENT PHASES.
REDUNDANCY IS PROVIDED BY FUEL

CELL 37.04.08.

NONE FOR F AND SUBSEQUENT PHASES,
REDUNDANCY IS PROVIDED BY FUEL

CELL 37.04.08.
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FORM 30378

RELIABILITY FAILURE EFFECT ARALYSIS

G

BISSION: LUNAR SHUTTLE

F e TRAMSLUNAR INECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION~IDLE MODE

4 & APOLUNE PLANE CHANGE
K PULSED AFTERCOGLING
L e CIRCULARIZE AT TARGET ALTITUDE

NEERTION INTO ELLIPTICAL LURAR ORBITY

PULSED AFTERCOOLIRG
@ APOLUNE FLANE CHARNGE

PULIED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE
TRAKESARTY COAST

cLass. i 1« ot o eLLPToAL LR onarr ¥ PULSED AFTERGOOLING ruLsED AFTERGOOLING v riised arrescooums
. ?Yﬁs?;%i'f ;zﬁﬁc‘:ﬁ? CONTROL i PULSED AFTEROOOLIN& o ‘ LUNAR ORBIT OPERATIONS @ TRANSEARTH INECTION W ORBIT AESURPLY AHD CIO OPERATIONS ‘
FAILURE EFFECT OR FAILURE EFFECT O
ITEM FUNRCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT UK RNS B4ISSION DR SPACECRAFT
37.0k.07
|| oxvomy contRoL CONTROL, FLOW OF LIQUID 1. FAILURE TO ACTUAL LOSS. LIQUID OXYGEN WILL |F NONE FOR F AND SUBSEQUENT PHASES. } NONE L
ASSEMBLY OXYGEN TO FUEL CELL OPERATE. NOT BE DELIVERED TO FUEL CELL REDUNDANCY IS PROVIDED BY FUEL
37.04.05 37.04,05, HOWEVER, FUEL CELL CELL 37.04.08.
37.0Lk.08 WITH ITS SEPARATE DO2
CONTROL PROVIDES REDUNDANCY .
2. TFAILURE TO ACTUAL LOSS. SHUTOFF VALVE WILL |F{ |NONE FOR F AND SUBSEQUENT PHASES. | NONE
CEASE CQPERATION PREVENT ADDITIONAL 1OSS OF LO,. REDUNDANCY IS PROVIDED BY FUEL
FUEL CELL 37.04.08 WILL PROVIDE CELL 37.04.08,
ELECTRICAL POWER.
3. IEAX POSSTBIE LOSS. 10SS OF 10, MAY F§| |INONE FOR F AND SUBSEQUENT PHASES. | NONE

CAUSE 10SS OF ABILITY OF FURL
CELL 37.04.05 TO PROVIDE ELEC-
TRICAL POWER. FUEL CELL 37.0k.05

WILL PROVIDE ELECTRICAL POWER.

REDUNDANCY IS PROVIDED BY FUEL

CELL 37.04.08.
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FORM 88D-378

RELIABILITY FAILURE EFFECT ANALYSIS

G
MHSSION: LUNAR SHUTTLE
CLASS: 1 Moo
WODULE: COMMAND AND CONTROL

F o TRANSLUNAR INJECTION

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE

TRANSLUNAR COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

J @ APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING -

L e CIRCULARIZE AT TARGET ALTITUDE

M PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

®» 3 0 O

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

Z < C

PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O GPERATIONS
SYSTEM: ~ ELECTRICAL FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
37.0L.08
FUEL CELL GENERATES ELECTRICAL POWER 1. FAILURE TO ACTUAL I0SS BUT REDUNDANCY IS NONE FOR ¥ AND SUBSEQUENT PHASES. [NCNE
FOR RNS SYSTEMS. OPERATE. PROVIDED BY FUEL CELL 37.0k4.05. REDUNDANCY IS PROVIDED BY FUEL
CELL 37.04,05.
2. LEAX ACTUAL 10SS, SHUTOFF VALVES NONE FOR F AND SUBSEQUENT PHASES. | NONE

37.0Lk.12 AND 37.04.14 PROVIDE

SHUTOFF CAPABILITY BUT LOSS OF

LH2 AND I.02 PREVENT GENERATION OF

ELECTRICAL POWER. ELECTRICAL

POWER WILL BE PROVIDED BY

REDUNDANT FUEL CELL 37.0Lk.05.

CELL 37.0k4,05.

REDUNDANCY IS PROVIDED BY FUEL




| | SYSTEM:

£ e TRAKSLUNAR INJECTION

RELIABILITY FAILURE EFFECT ANALYSIS

FISSION: LUNARSHUTTLE
LASS: 1H

MODULE:
ELECTRICAL

ITEM

COMMARND AND CONTROL

FUNCTION

G

PULSED AFTERCOOLING
FIDCOURSE CORRECTION-1DLE MODE
TRANSLUNAR COAST

INSERTION INTO ELLIPTICAL LURNAR ORBIT
B

PULSED AFTERCOOLING

FAILURE TYPE/MODE

J » APOLUNE PLANE CHANGE

¢ PULSED AFTERCOOLING

L e CIHACULARIZE AT TARGET ALTITUDE
L PULSED AFTERCOULING

LUNAR OREIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCODOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

PHASE

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE
TRAMSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY ARD C/C CPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

37.0k.09
HYDROGEN CONTROL

ASSEMBLY

CONTROLS FLOW OF LIQUID
HYDROGEN TO FUEL CELL

37.04,08

FAILURE TO

OPERATE

FAILURE TO

CEASE OPERATION

ACTUAL L0SS. LIQUID HYDROGEN
WILL NOT BE DELIVERED TO FUEL

CELL 37.04.08, HOWEVER, FUEL CELL

37.04,05 WITH ITS SEPARATE LH,

CONTROL FROVIDES REDUNDANCY.

ACTUAL LOSS. SHUTOFF VALVE WILL
PREVENT ADDITIONAL LOSS OF LHQ.
FUEL CELL 37.04.05 WILL PROVIDE

ELECTRICAL POWER.

POSSIBLE 10SS. LOSS OF LH, MAY
CAUSE LOSS OF ABILITY OF FUEL
CELL 37.04,08 TO PROVIDE ELECTRICAI
POWER. FUEL CELL 37.04.05 WILL

PROVIDE ELECTRICAL POWER.

NONE FOR F AND SUBSEQUENT PHASES,
REDUNDANCY IS PROVIDED BY FUEL

CELL 37.0L.05.

NONE FOR F AND SUBSEQUENT PHASES.
REDUNDANCY IS PROVIDED BY FUEL

CELL 37.04.05.

NONE FOR F AND SUBSEQUENT PHASES.
REDUNDANCY IS PROVIDED BY FUEL

CELL 37.0L4.05.




FORM 830-375

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE

CLASS: 1iH
MODULE: COMMAND AND CONTROL

SYSTEM: ELECTRICAL

ITEM FUNCTION

F e TRANSLUNAR INJECTION J o APOLUNE PLANE CHANGE
G PULSED AFTERCOOLING K PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE L o CIRCULARIZE AT TARGET ALTITUDE

TRANSLUNAR COAST
H o INSERTION INTO ELLIPTICAL LUNAR oRpiT ™  PULSED AFTERCOOLING
N LUNAR ORBIT OPERATIONS

| PULSED AFTERCOOLING
FAILURE EFFECT ON

FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LUNAR ORSBIT
PULSED AFTERCOOLING

APQLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

PHASE FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

MIDCOURSE CORRECTION~—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

37.04.10
OXYGEN CONTROL
ASSEMBLY

37.04,05

CONTROLS FLOW OF LIQUID

OXYGEN TO FUEL CELL

FATLURE TO ACTUAL 1OSS. LIQUID OXYGEN WILL

OPERATE. NOT BE DELIVERED TO FUEL CELL
37.04.08, HOWEVER, FUEL CELL
37.04.05 WITH ITS SEPARATE 10,
CONTROL PROVIDES REDUNDANCY,

FATLURE TO ACTUAL I0SS. SHUTOFF VALVE WILL

CEASE OPERATTICN

PREVENT ADDITIONAL LOSS OF LOZ.

FUEL CELL 37.0k4.05 WILL PROVIDE

ELECTRICAL POWER.

CAUSE 10SS OF ABILITY OF FUEL
CELL 37.04,08 TO PROVIDE ELEC-
TRICAL POVER,.FUEL CELL 37.04.05

WILL PROVIDE ELECTRICAL POWER.

POSSIBLE LOSS. LOSS OF L0, MAY

NONE FOR F AND SUBSEQUENT PHASES.
REDUNDANCY IS PROVIDED BY FUEL

CELL 37.0k,05.

KONE FOR F AND SUBSEQUENT PHASES.
REDUNDANCY IS PROVIDED BY FUEL

CELL 37.04.05.

NONE FOR F AND SUBSEQUENT PHASES,.
REDUNDANCY IS PROVIDED BY FUEL

CELL 37.0L4.05.




FORM 820:375

s o S s " R e LT —
HISSION: LUNAR SHUTTLE fé‘;fgﬁiig%%’:iﬁ“o”'m“ HODE L e CIRCULARIZE AT TARGET ALTITUDE Q & APOLUNE PLANE CHANGE G o EARTH ORBIT CAPTURE
| CLasE: H K o INSERTION INTO ELLIPTICAL LUNAR ORgty 1 TULSED AFTERCOOLING R PULSED AFTERCOOLING ¥ PULSED AFTERCOOLING
¢ WODULE:  COMMARD AND CONTROL | PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS § o TRANSEARTH INECTION W CREIT RESUPPLY AND C/O CPERATICHS |
SYSTEM:  ELECTRICAL FAILURE EFFECT ON FAILURE EFFECT ON
ITER FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT OR RKS MISSION OR SPACECRAFT
37.04.11
. SHUTOFF VALVE PROVIDES SHUTOFF CAPABILITY 1l. FAILURE TO OPEN ACTUAL LOSS. LIQUID HYDROGEN F NONE FOR F AND SUBSEQUENT PHASES,.| NONE B
LIQUID HYDROGEN BETWEEN THE LIQUID HYDROGEN WILL NOT BE DELIVERED TO FUEL REDURDANCY IS PROVIDED BY FUEL
CONTROL ASSEMBLY 37.0L.06 CELL 37.04.05 CAUSING LOSS OF CELL 37.0k.08.
AND FUEL CELL 37.01.05 ABILITY TO GENERATE ELECTRICAL
PCWER. REDUNDANT FUEL CELL
37.04.08 WILL PROVIDE ELECTRICAL
PCHER.
2. FAILURE TO SAME AS ABOVE F NONE NONE
REMATN OPEN
3. FAILURE TO NONE. HYDROGEN CONTROL MODULE F NONE FOR F AND SUBSEQUENT PHASES.| NONE
CLOSE 37.04,06 PROVIDES REDUNDANCY. REDUNDANCY IS PROVIDED. -
L, FATILURE TO NONE, HYDROGEN CONTROL MCDULE F NONE NONE
REMAIN CLOSED 37.04.06 PROVIDES REDUNDANCY.
5. LEAK NONE. HYDROGEN CONTROL MODULE F NONE NONE
37.0k,06 PROVIDES REDUNDANCY




FORM 32378

®» INSERTION INTO ELLIPTICAL LUNAR ORBIT T

F o TRANSLUNAR INJECTION J @ APOLUNE PLANE CHANGE 0 PULSED AFTERCOOLING
FFECT ANALYSIS -
RELIABILITY FAILURE E G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING e LORAECTION-IDLE MODE
BAISSION: LUNAR SHUTTLE g ey |OM—IDLE MODE L e CIRCULARIZE AT TARGET ALTITUDE Q o APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE
CLASS: ] 1H H o INSERTION INTO ELLIPTICAL LUNAR oppiT M PULSED AFTERCOOLING R PULSED AFTERCOOLING V. PULSED AFTERCOOLING
WDULE_' COMMAND AND CONTROL ! PULSED AFTERCOOLING LUNAR ORBIT OPERATIONS 5 © TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS
SYSTEM:  ELECTRICAL FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
37.0h,12
SHUTOFF VALVE PROVIDES SHUTOFF CAPABILITY 1. FAILURE TO OPEN ACTUAL LOSS. LIQUID HYDROGEN F NONE FOR F AND SUBSEQUENT PHASES. | NONE
LIQUID HYDROGEN BETWEEN THE LIQUID HYDROGEN WILL NOT BE DELIVERED TO FUEL CELL REDUNDANCY IS PROVIDED RY FUEL
CONTROL ASSEMBLY 37.04.09 37.04.08 CAUSING 1.0SS OF ABILITY DELL 37.04.05.
AND FUEL CELL 37.01.08 TO GENERATE ELECTRICAL POWER.
REDUNDANT FUEL CELL 37.0k4.05
WILL PROVIDE ELECTRICAL POWER.
2. TFAILURE TO SAME AS ABOVE F NONE NONE
REMAIN OPEN
2. TFAILURE TO CLOSE NONE., HYDROGEN CONTROI: MODULE P NONE FOR F AND SUBSEQUENT PHASES, | NONE
37.04.09 PROVIDES REDUNDANCY REDUNDANCY IS PROVIDED.
4, FAILURE TO NONE. HYDROGEN CONTROL MODULE F NONE NONE
REMAH‘I CLOSED 37.04.09 PROVIDES REDUNDANCY
5. LEAK NONE. HYDROGEN CONTROL MODULE 13 NONE NONE

37.04.09 PROVIDES REDUNDANCY




AELIABILITY FAILURE EFFECT ANALYSIS

F a

TRAHSLUNAR INJECTION

& APOLUNE PLANE CHANGE

& INSERTION INTO ELLIPTICAL LUNAR ORBIT T

PULSED AFTERCOOLING

37.04,07 PROVIDES REDUNDANCY.

’ o
G PULSED AFTERCOOLING K PULSED AFTERCOCLING P PULSED AFTERCOOLING ?;i%%gﬁi%ﬁ%@iﬁs?m“"”“ MoBE
BIISSION: LUNAR SHUTTLE ?};ﬁ%‘iﬁf&g"g&iﬁ”o”"’m& HODE L ¢ CIRCULARIZE AT TARGET ALTITUDE Q & APOLUNE PLANE CHANGE G e EARTH ORBIT CAFTURE
;%%Sé\’u ]Hm 3 M e INSERTION INTO ELLIFTICAL LUNAR ORBIT H PULSED AFTERCG"OL'”G R PULSED AFTERCOOLING v PULSED AFTERCOOLING
- SYSTEM:" gﬁﬁ?ﬁb CONTROL MODULE | PULSED AFTERCOOLING M LUNAR ORBIT OPERATIONS § o TRANSEARTH INJECTION W ORBIT RESUPPLY AND G/O OPERATIONS
' ‘ FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FURCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT DR ANS BAISSION OR SPACECRAFT
37.04.13
SHUTQOFF VALVE PROVIDES SHUTOFF CAPABILITY |l. FAILURE TO OFER ACTUAL LOSS. LIQUID OXYGEN WILL F NONE FOR F AND SUBSEQUENT PHASES, | NONE P
LIQUID OXYGEN BETWEEN THE LIQUID OXYGEN NOT BE DELIVERED TO FUEL CELL REDUNDANCY IS PROVIDED BY FUEL
CONTROL ASSEMBLY 37.0k.07 37.04.05 CAUSING LOSS OF ABILITY CELL 37.0k4.08.
AND FUEL CEILL 37.01.05 TO GENERATE ELECTRICAL POWER.
REDUNDANT FUEL CELL 37.04.08 WILL
PROVIDE ELECTRICAL POWER.
2. FAILURE TO SAME AS AROVE F NONE NONE
REMATN OPEN
3. FATLURE TO CLOSE NONE. OXYGEN CONTROL MCDULE F NONE FOR F AND SUBSEQUENT PHASES. | NONE
37.04,07 PROVIDES REDUNDANCY REDUNDANCY IS PROVIDED.
L, FATLURE TO NONE. OXYGEN CONTROL MODULE F NONE NONE
REMAIN CLOSED 37.04,07 PROVIDES REDUNDANCY
5. LEAK NONE, OXYGEN CONTROL MODULE ¥ NORE NONE




FORM 830-375

F e TRANSLUNAR INJECTION J @ APOLUNE PLANE CHANGE INSERTION INTQ ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE
G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING TRANSEARTH COAST 0

MIDCOURSE CORRECTION—IDLE MODE
MISSION: LUNAR SHUTTLE TRANSLUNAR COAST L e CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE

o EARTH ORBIT CAPTURE
. PULSED AFTERCOOLIN

CLASS: 1 INSERTION INTO ELLIPTICAL LUNAR oRpiT M ~ PULSED AFTERCOOLING PULSED AFTERCOOLING
MODULE: COMMAND AND CONTROL

PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS TRANSEARTH INJECTION ORBIT RESUPPLY AND G/O OPERATIONS
SYSTEM: ELECTRICAL

FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MOOE SUBSYSTEM PERFORMANCE PHASE FALLURE EFFECT ON RNS MISSION OR SPACECRAFT

RELIABILITY FAILURE EFFECT ANALYSIS

37.04.1k
SHUTOFF VALVE PROVIDES SHUTOFF CAPABILITY FATLURE TO OFEN ACTUAL 10SS, LIQUID OXYGEN WILL NONE FOR F AND SUBSEQUENT PHASES.
LIQUID OXYGEN BETWEEN THE LIQUID OXYCEN NOT BE DELIVERED TO FUEL CELL REDUNDANCY IS PROVIDED BY FUEL
CONTROT, ASSEMBLY 37.04.10 37.04.08 CAUSING LOSS OF ABILITY CELL 37.04.05.

AND FUEL CELL 37.01.08 TO GENERATE ELECTRICAL POWER.
REDUNDANT FUEL CELL 37.04.05

WILL PROVIDE ELECTRICAL PCWER.

FAILURE TO SAME AS ABOVE

REMATIN OPEN

FAILURE TO CLOSE NONE. OXYGEN CONTROIL MODULE NONE FOR F AND SUBSEQUENT PHASES.

37.04,10 PROVIDES REDUNDANCY REDUNDANCY IS PROVIDED.

FAILURE TO NONE. OXYGEN CONTROL MODULE NONE

REMAIN CLOSED 37.04.10 PROVIDES REDUNDANCY

LEAK NONE. OXYGEN CONTROL MODULE

37.04.10 PROVIDES REDUNDANCY




012

FORM BILIVE

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
pLASS:  1H

e MODULE: COMMAND AND CONTROL

SYSTEM: ELECTRICAL

G

¥ & TRANSLUNAR INJECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION-1DLE MODE

TRANSLUNAR COASY

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

4§ & APOLUNE PLANE CHANGE
PULSED AFTERCOOLING

e CIRCULARIZE AT TARGET ALTITUDE
PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON

25 R

L2 I« T

o INSERTION INTO ELLIFTICAL LUNAR ORBIT T
PULSED AFTERCOOLING
o APOLUNE PLANE CHANGE

PULSED AFTERCOOLING
e TRANSEARTH INJECTION

o« <

PFULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MOUE
TRAMBEARTH COASY

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT BESUPPLY AND C/O CPERATIONE
FAILURE EFFECT OR

ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT OR RNS BAISSION OR SPACECRAFT
37.04.15
INVERTER ASSEMBLY CONVERTS THE DIRECT CURRENT |1. FAILURE TO ACTUAL LOSS. CONVERSION OF ¥ NONE FOR F AND SUBSEQUENT PHASES. | NHONE E
ELECTRICAL POWER FROM THE OPERATE ELECTRICAL PCWER WILL NOT BE

FUEL CELLS TO ALTERNATING

CURRENT ELECTRICAL POWER.

ACCOMPLISEED. REDUNDANT INVERTER
ASSEMBLY 37.04.16 WILL PROVIDE

THIS CAPABILITY

REDUNDANCY IS PROVIDED BY

INVERTER ASSEMBLY 37.04.16




474

F o TRANSLUNAR INJECTION J @ APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS MIDCOURSE CORRECTION~1DLE MODE
G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING TRANSEARTH COAST
MIDCOURSE CORRECTION—IDLE MODE
PAISSION: LUNAR SHUTTLE TAANSLUNAR COAST L e CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE

EARTH ORBIT CAPTURE

CLASS: é-H CONTROL INSERTION INTO ELLIPTICAL LUNAR onpiT ™ PULSED AFTERCOOLING PULSED AFTERCOOLING PULSED AFTERCOOLING

:\?sl;léhe ELECTRTCAL PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS TRANSEARTH INJECTION ORBIT RESUPPLY AND C/O OPERATIONS
’ FAILURE EFFECT ON FAILURE EFFECT ON

ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

37.04.16

INVERTER ASSEMBLY CONVERTS THE DIRECT CURRENT | 1. FATILURE TO ACTUAL 10SS. CONVERSICN OF NONE FOR F AND SUBSEQUENT PHASES.

ELECTRICAL POWER FROM THE OPERATE ELECTRICAL POWER WILL NOT BE REDUNDANCY IS PROVIDED BY
FUEL CELLS TO ALTERNATING ACCOMPLISHED, REDUNDANT INVERTER INVERTER ASSEMBLY 37.0L.15
CURRENT ELECTRICAL POWER. ASSEMBLY 37.0b4.15 WILI, PROVIDE

THIS CAPABILITY




AT

FORM 830-376

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
CLASS: 1H
. MODULE:
| SYSTEM:

COMMAND AND CONTROL
ELECTRICAL

ITEM FUNCTION

& TRANSLUNAR INJECTION
PULSED AFTERCOOLING

MIDCOURSE CORRECTION-IDLE MODE

TRANSLUNAR COAST

§ @ APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L e CIRCULARIZE AT TARGET ALTITUDE

IHSEATION INTO ELLIPTICAL LURAR ORBIY M FULSED AFTERCOOLING
PULSED AFTERCOULING

FAILURE TYPE/MODE

M LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LURAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

THANSEARTH INJECTION

PHASE FAILURE EFFECT ON RNS

PULSED AFTERCOOLING
#IDCOURSE CORRECTION~IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS |

FAILURE EFFECT ON
MISSION OR SPACECRAFT

37.04.17
INVERTER CONTROL INVERTER

CONTROL RELAY ASSEMBLY 37.04.15

1.

FAILURE TO

OPERATE

ACTUAL LOSS. INVERTER ASSEMBLY
37.04,15 WILL BE INOPERABLE,
REDUNDANT INVERTER ASSEMBLY
37.04.16 WILL PROVIDE THE

ELECTRICAL CONVERSION FUNCTION.

REDUNDANCY IS PROVIDED BY

INVERTER ASSEMBLY 37.0k.16

NOKE FOR F AND SUBSEQUENT PHASES.




¢1e

FORAM 830-375

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE

CLASS: 1H

MODULE: COMMAND AND CONTROL
SYSTEM: ELECTRICAL

ITEM FUNCTION

F o TRANSLUNAR INJECTION

G

J e APOLUNE PLANE CHANGE

PULSED AFTERCCOLING K PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IOLE MODE

TRANSLUNAR COAST L e CIRCULARIZE AT TARGET ALTITUDE
M FULSED AFTERCOOLING

N LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

FAILURE TYPE/MGDE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

PHASE

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

MiIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTEACOOLING

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

37.04,18 CONTROL INVERTER

INVERTER ASSEMBLY 37.04.16

CONTROL RELAY

FATLURE TC OPERATE ACTUAL 1L0SS. INVERTER ASSEMBLY
37.04,16 WILL BE INOPERABLE.
REDUNDANT INVERTER ASSEMBLY
37.04,15 WILL PROVIDE THE

ELECTRICAL CONVERSION FUNCTION.

F

NONE FOR F AND SUBSEGUENT
PHASES. REDUNDANCY IS PROVIDED

BY INVERTER ASSEMBLY

- 37:04,15




¥ie

FORM B30.376

F & TRAMSLUNAR INJECTION J s APOLUNE PLANE CHANGE O o INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
¥ At - -
RELIABILITY FAILURE EFFECT ANALYSIS 6 PULSED AFTERCOOLING € PULSED AFTERCOOLING b PULSED AFTERCOOLING ?&?&%‘éiﬁﬁiﬁiﬁm’” 1DLE MODE
PAISSION: LUNAR SHUTTLE ?At;%%tiziigocgﬁnommw MODE L & CIRCULARIZE AT TARGET ALTITUDE Q & APOLUNE PLANE CHANGE U e EARTH ORBIT CAPTURE
CLASS: 1H B PULSED AFTERCOOLING R PULSED AFTERCOOLING )
H e INSERTION INTO ELLIPTICAL LUNAR ORBIT v PULSED AFTERCOOLING
- :?sii_\é;c gmcﬁ CONTROL ' PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS § o TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O GPERATIONS
: FAILURE EFFECT ON FAILURE EFFECT OR
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANGE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
37.0k.19 MONITORS OUTPUT OF l. FAILURE TO OPERATE | ACTUAL LOSS. FUEL CELL F NONE FOR F AND SUBSEQUENT NONE
VOLTAGE LIMITER FUEL CELL 37.0k4.05 37.04,05 WILL BE INOPERATIVE, PHASES. REDUNDANCY IS PROVIDED
SENSOR REDURDANT FUEL CELL 37.01.08 BY FUEL CELL 37.0k,08,
WILL PROVIDE REQUIRED
ELECTRICAL POVWER.
2. ERRONEOUS OUTPUT POSSIBLE LOSS ¥ | F| POSSIBLE LOSS. POSSIBLE LOSS.
GG
ERRONEOUS OUTPUT MAY CAUSE H | H] POSSIBLE LOSS OF ELECTRICAL
Ifx
OUTPUT OF TWO FUEL CELLS TO BE J | J} SYSTEM.
XiK
DIFFERENT CAUSING DEGRADED LIL
MM
PERFORMANCE. RN
00
PlP
Qje
RIR
Sis
TiT
Uju
viv
LR




612

F o TRANSLUNAR INJECTION J ® APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS MIDCOURSE CORRECTION—IDLE MODE
G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING TRANBEARTH COAGT

MISSION: LUNAR SHUTTLE ?;ﬁgﬂ:iﬁoc%@m""'mj MODE L o CIACULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE EARTH ORBIT CAPTURE
CLASS: 1H H o INSERTION INTO ELLIPTICAL LUNAR ORgiT M PULSED AFTERCOOLING PULSED AFTERCOOLING PULSED AFTERCOOLING

MODULE:  COMMAND AND CONTROL | PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS TRANSEARTH INJECTION ORBIT RESUPPLY AND C/O OPERATIONS
SYSTEM: ELECTRICAL FAILURE EFFECT ON FAILURE EFFECT ON

ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

37.04,20 MONITORS OUTPUT OF 1, FAILURE TO ACTUAL LOSS. FUELL CELL NONE FOR F AND SUBSEQUENT NONE

VOLTAGE LIMITOR FUEL CELL 37.04,08 OPERATE 37.04,08 WILL BE INOPERATIVE. PHASES. REDUNDANCY IS PROVIDED

SENSOR REDUNDANT FUEL CELL 37.01.05 BY FUEL CELL 37.04.05.
WILL PROVIDE REQUIRED
ELECTRICAL POWER.

2. ERRONEOUS POSSIBLE LOSS. ERRONEOUS POSSIBLE 108S. POSSIBLE 10SS
OUTPUT OUTPUT MAY CAUSE OUTPUT POSSIBLE LOSS OF ELECTRICAL
OF TWO FUEL CELLS TO BE SYSTEM.
DIFFERENT CAUSING DEGRADED

PERFORMANCE.

E<CHRRO WO RE LMY H T
Mo o R e




912

RELIABILITY FAILURE EFFECT ANALYSIS

| HAISSION: LURAR SHUTTLE
CLASS: 1H

| MODULE:

| SYSTEM:

COMMAND AND CONTROL
ELECTRICAL

ITER FUNCTION

TRAKSLUNAR INJECTION

PULSED AFTERCOOLING
HIDCOURSE CORRECTION-IDLE MODE
TARANSLUNAR COAST

HSERTION INTO BELLIPTICAL LUNAR OREIY
PULSED AFTERCOOLIRG

FAILURE TYPE/MODE

§ o APOLUNE FLANE CHANGE
® PULSED AFTERCOQOLING
L e CIRCULARIZE AT TARGET ALTITUDE
¥ PULSED AFTERCOOLING
LUNAR ORBIT CPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

IRBERTION INTO ELLIPTICAL LUNAR OABIT
PULSED AFTERCOOLING

APOLUNE PLAKE CHANGE

PULSED AFTERCOOLIRG

TRARSEARTH INECTION

PHASE FAILURE EFFECT ON RNS

PULEED AFTERCOOLING
$4IDCOUASE CORRECTION-IDLE KODE

EARTH ORBIT CAPTURE
FULBED AFTERCOOLING ,
ORBIT REGUPPLY AND C/O GPERATIONS |

FAILURE EFFECY ON
MISSION O/ SPACECRAFT

37.04,23 PROVIDE MANUAL CONTROL

COMMAND SYSTEM OF INVERTERS

INVERTER SWITCH

FAILURE TO OPERATE

INVERTERS.

CONTROL.

ACTUAL LOSS

LOSS OF MANUAL CONTROL OF

AUTOMATIC CONTROL

SHOULD PROVIDE ADEQUATE

FAILURE NOT

APPLICABLE TO A SINGLE

FAILURE ANALYSIS.

NONE FOR F AND SUBSEQUENT

PHASES.
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FORM 830378

RELIABILITY FAILURE EFFECT ANALYSIS

F o TRANSLUNAR INJECTION
G

PULSED AFTERCOOLING
MIDCOURSE CORRECTION~IDLE MODE
TRANSLUNAR COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

FAILURE TYPE/MODE

4 o APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L e CIACULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

w3 P voO

PHASE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

FAILURE EFFECT ON RNS

F < C

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TARANSEARTH COAST

EARTH ORBIT CAPTURE
FULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

MISSION: LUNAR SHUTTLE
| CLaAss: 1H
#MODULE: COMMAND AND CONTROL |
SYSTEM: ELECTRICAL
ITEM FUNCTION
37.04.24 PROVIDE COMPONENTS AND

START=-UP CONTROLS

CONTROL REQUIRED TO

START-UP THE ELECTRICAL

SYSTEM

FAIIURE TO OPERATE

ACTUAL LOSS
ABILITY TO START-UP ELECTRICAL

SYSTEM IS LOST.

ACTUAL I1OSS

IMISSION WILL BE

IDELAYED




81c

FORL B3L.376

RELIABILITY FAILURE EFFECT ANALYSIS

HISSION: LUNAR SHUTTLE
| CLass: 1H
© BODULE: COMMAND AND CONTROL
| SYSTEM:  ELECTRICAL

ITEM FURCTION

TRANSLUNAR IRJECTIONR

PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE
TRANSLUNAR COAST

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

APOLUNE PLANE CHANGE

PULBED AFTERCOOLING
CIRCULARIZE AT TARGET ALTITUDE
PULSED AFTERCOOQLING

LUKRAR ORBIT CPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

IHSERTION INTO ELLIPTICAL LUNAR OREIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH IRJECTION

PHASE FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE

TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS &

FAILURE EFFECT ON

MISSION OR SPACECRAFT

37.0k4.25 TRANSMIT ELECTRICAL

MAIN BUSS CURRENT

3. HIGH RESISTANCE

ACTUAL LOSS

BUS TRANSFER RELAY 37.0L.29,

AND MAIN FEED CONTACTORS WILL
OPERATE AND REMOVE MAIN BUSS
FROM SYSTEM AND TRANSFER

FUEL CELLS TO AUXILIARY BUSSES

37.04,28.

NONE FOR F AND SUBSEQUENT
PHASES. REDUNDANT OPERATION
IS PROVIDED BY AUXILIARY

BUSSES 37.04.28.
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FORM 830-376

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
CLASS: 1H

MODULE: COMMAND AND CONTROL

SYSTEM:  ELECTRICAL
ITEM

FUNCTION

F e TAANSLUNAR INJECTION J e APOLUNE PLANE CHANGE

G PULSED AFTERCOOLING K PULSED AFTERCQOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSLUNAR COAST L e CIRCULARIZE AT TARGET ALTITUDE
INSERTION INTO ELLIPTICAL LUNAR ORBIT M PU 0 AFTERCOOLING
PULSED AFTERCOOLING ] LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

PHASE FAILURE EFFECT QN RNS

PULSED AFTERCOOLING

MIDCOURSE CORAECTION-IDLE MODE -
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

37.04,26
MAIN FEED

CONTACTORS

CONNECT FUEL CELL

37.04,05 TO MAIN BUSS

1. FAILURE TO ACTUAL 10SS. ELECTRICAL POWER
CLOSE FROM FUEL CELL 37.04.05 CANNOT
REACH MAIN BUSS REDUNDANT FUEL
CELL 37.04.08 WITH MATN FEED
CONTACTOR 37.04.,27 WILL PROVIDE

REQUIRED ELECTRICAL POWER.

FATIURE TO

REMAIN CLOSED
FAILURE TO OPEN CONTACTOR SHOULD NOT BE
REQUIRED T0 OPEN UNLESS FAILURES

EXTIST IN OTHER COMPONENTS.

SAME AS FAILURE TYPE NO. 3

NONE FOR F AND SUBSEQUENT
PHASES. REDUNDANCY IS PROVIDED

BY FUEL CELL 37.04.08.

NONE FOR F AND SUBSEQUENT
PHASES. FAILURE NOT APPLICABLE

TO SINGLE FAILURE ANALYSIS.

SAME AS FAILURE TYPE NO. 3

NONE




FORM 830376

BRELIABILITY FAILURE EFFECT ANALYSIS

BISSION: LUNAR SHUTTLE

& TRANSLUNAR INJECTION

PULSED AFTERCOOLING
IDCOURSE CORRECTION-IDLE MODE
TRANSLUNAR COAST

J e APOLUME PLANE CHANGE
K PULSED AFTERCOOLING
L e CIRCULARIZE AT TARGET ALTITUDE

L I

e INSEATION INTO ELLIPTICAL LURAR ORBIT T
PFULSED AFTERCOOLING
® APOLUNE PLANE CHANGE

PULSED AFTERCOOLING
MIDOOUREE CORRECTION-1DLE MIDDE
TRAREGEARTH COASY

EARTH OABIV CAPTURE

1}
f fonuie, oo wm comnor ¢ ot T AT NN L orn et « e i st
SYSTEM:  ELECTRICAL FAILURE EFFECT ON FAILURE EFFECT O '
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT OR RNS MISSION OR SPACECRAFT
37.0k.27 CONNECT FUEL CELL 1. FAILURE TO CLOSE ACTUAL LOSS. ELECTRICAL POWER by NONE FOR F AND SUBSEQUENT NONE
MAIN FEED 37.04,08 TO MAIN BUSS FROM FUEL CELL 37.04.08 CANNOT PHASES. REDUNDANCY IS PROVIDED
CONTACTORS REACH MAIN BUSS REDUNDANT BY FUEL CELL 37.04.05.
FUEL CELL 37.04,05 WITH MAIN
FEED CONTACTOR 37.04%.26 WILL
PROVIDE REQUIRED ELECTRICAL
POWER.
2. FAILURE TO SAME AS ABOVE F SAME AS ABOVE NONE
REMATN CLOSED
3. FAILURE TO OPEN CONTACTOR SHOULD NOT BE b NONE FOR F AND SUBSEQUENT - NONE
REQUIRED TQ OPEN UNLESS FAILURE PHASES. FAILURE NOT APPLICABLE
EXISTS IN OTHER COMPONENTS | 70 SINGLE FATLURE ANALYSIS.
L, FAILURE TO SAME AS FATLURE TYPE NO. 3 F SAME AS FAILURE TYPE NO. 3 NONE
REMAIN OPEN




FOR 830378

o INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOOLING

RELIABILITY FAILURE EFFECT ANALYSS :‘ ’ :::sf; ::‘::R::)S:&ZN :( ) ::(L)SLEUDN i::::joco’r:: - s PULSED AFTERCOOLING ! e AR SRRECTION-IDLE MODE
:I‘.sAsSISO:N: LU"lA; SHUTTLE #’ﬁc’s‘ﬁiﬁ?&ﬁ?ﬂm"m‘ HoE ; ° :Lt;’:*:z:ﬂ‘;;:r:T ALTITUDE : ° ;T::i:::::o‘:? :;’E U o EARTH ORBIT CAPTURE
, :?SPT:;E m c,:LND CONTROL r ° Lﬁzi:;:;g:;:::c“ LUNAR ORBIT LUNAR ORBIT OPERATIONS S © TRANSEARTH INJECTION \\n/: :iﬁi:::::fi::i /0 OPERATIONS
FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

37.0L.28 TRANSMIT ELECTRICAL CURRENT } 1. SHORT NONE. KNOT APPLICABLE TO F NONE NONE

AUXILIARY BUSSES TO REDUNDANT SYSTEMS. SINGLE FAILURE ANALYSIS.

(NUMBER TO BE SYSTEM WILL BE DESIGNED

DETERMINED ) TO OPERATE SATISFACTORILY 2. OPEN SAME AS ABOVE F NONE NONE

WITH ONE BUSS FAILURE.

3. HIGH RESISTANCE SAME AS ABOVE F NONE NONE




RELIABILITY FAILURE EFFECT ANALYSIS

| pAISSION: LUNAR SHUTTLE

| CLASS: iH
. MODULE: COMMAND AND CORTROL
| SYSTEM: ELECTRICAL

ITEM FUNCTION

F s TRANSLUNAR INECTION

PULSED AFTERCOOLING
MIBCOURSE CORAECTIONR-IDLE MODE
TRANSLUNAR COAST

INSERTION INTO ELLIFTICAL LUNAR ORBIT

PULSED AFTERCOOLING

FAILURE TYPE/MODE

4 & APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L e CIRCULARIZE AT TARGET ALTITUDE
8 PULSED AFTERCOOLING
LURAR ORBIT GPERATIONS

FAILURE EFFECT OR
SUBSYSTEM PERFORMANCE

IRSERTION INTO ELLIPTICAL LUNAR OREIT
FULSED AFTERCOOLING

ASOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

PHASE FAILURE EFFECT ON RNS

T

PULSED AFTERCOOLING
BDCOURSE CORRECTION~IDLE MODE
THANSEARTH COASY

U e EARTH ORBIT CAPTURE

3
W

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/G OPERATIONS |
FAILURE EFFECT ON

HISSION OR SPACECRAFT

37.04.29 MONITORS VOLTAGE ON

LOW VOLTAGE SENSOR MAIN BUSS 37.04.25.
PROVIDES SIGNAL TO LOW
VOLTAGE RELAY 37.04.37

WHEN BUSS VOLTAGE IS LOW

1. FAILURE TO OPERATE

2. OPERATES WHEN NOT

REQUIRED

NONE. FAILURE DOES NOT APPLY

TO SINGLE FAILURE ANALYSIS

ACTUAL. MAIN BUSS WILL BE
REMOVED FROM THE FUEL CELLS.
AUXILIARY BUSSES 37.04.28 WILL
PROVIDE ELECTRIC POWER TO

SYSTEMS .

NONE FOR F AND SUBSEQUENT

PHASES.

REDUNDANCY IS PROVIDED.
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FORM 830-376

RELIABILITY FAILURE EFFECT ANALYSIS F o TRANSLUNAR INJECTION J ® APOLUNE PLANE CHANGE

MISSION: LUNAR SHUTTLE
CLASS: 1H

MODULE: COMMAND AND CONTROL

SYSTEM: ELECTRICAL
ITEM

G PULSED AFTERCOOLING K PULSED AFTERCOOLING
MIDCOURSE CORRECTION—-IDLE MODE
TRANSLUNAR COAST L e CIRCULARIZE AT TARGET ALTITUDE

INSERTION INTO ELLIPTICAL LUNAR oReiT M PULSED AFTERCOOLING
PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LUNAR ORBIT

PULSED AFTERCOODLING
APOLUNE PLANE CHANGE
PULSED AFTERCOOLING
TRANSEARTH INJECTION

PHASE

FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

MIDCOURSE CORRECTION—IDLE MODE
TRAMSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

37.04,30
BUSS TRANSFER

RELAY ASSEMBLY

TRANSFERS ELECTRICAL POWER 1, FAILURE TO OPERATE | NONE. NOT APPLICABLE TO SINGLE
TO AUXILIARY BUSSES IF FAILURE ANALYSIS.
FAILURE TO MAIN BUSS

OCCURS .«
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FORM 830-376

F & TRANSLUNAR INJECTION J ® APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS 6 PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING mﬁ%\éﬂi:%%iss?nw—lme MODE
BAISSION: LUNAR SHUTTLE 2;‘;%%‘{3?,&‘;‘{:’2,“,?;““"""“ MODE L ®» CIRCULARIZE AT TARGET ALTITUDE ° APOLUNE PLANE CHANGE EARTH ORBIT CAPTURE
CLASS: 1H INSERTION INTO ELLIPTICAL LUNAR ORgiT M PULSED AFTERCOOLING PULSED AFTERCOOLING PULSED AFTERCOOLING
MODULE: COMMAND AND CONTROL PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS TRANSEARTH INJECTION ORBIT RESUPPLY AND C/O OPERATIONS
SYSTEM:  ELECTRICAL FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

37.04,32 MONITORS CURRENT DRAWN FAILURE TO OPERATE NONE NONE FOR F AND SUBSEQUENT

CURRENT SENSOR FROM FUEL CELL 37.04,08 FAILURE OF THIS ITEM WILL NOT

PHASES
DIAGNOSTIC ONLY. EFFECT SYSTEM PERFORMANCE
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FORM 830-376

F e TRANSLUNAR INJECTION

APOLUNE PLANE CHANGE

INSERTION INTO ELLIPTICAL LUNAR ORBIT

_ v EAILURE EFFECT ANALYSIS Je o T PULSED AFTERCOOLING
RELIABILITY FAI G PULSED AFTERCOOLING K PULSED AFTERCOOLING P PULSED AFTERCOOLING O SE CORPECTION-IDLE MODE
. MIDCOURSE CORRECTION—IDLE MODE
gqiis;:N LU';_?{R SHUTTLE e o e L o CIRCULARIZE AT TARGET ALTITUDE Q o AFOLUNE PLAN;O(;PlA:((:E U o EARTH ORBIT CAPTURE
: M PULSED AFTERCOOLING R PULSED AFTERCOOLI
: H » INSERTION INTO ELLIPTICAL LUNAR ORBIT V  PULSED AFTERCOOLING
ng(Js?rlél;dE goﬁgcﬁgb CONTROL | PULSED AFTERCOOLING LUNAR ORBIT OPERATIONS S @ TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS |
: FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
37.04.34 MONITORS DIRECTION IF 1. FAILURE TO NONE, FAILURE NOT APPLICABLE NONE NONE
REVERSE CURRENT CURRENT OUT OF FUEL CELL OPERATE TO SINGLE FAILURE ATALYSIS.
SENSOR 37.0)4-.08, SENDS SIGNAL TO
REVERSE CURRENT SWITCH 2. OPERATES WHEN NOT ACTUAL 1085. FUEL CELL NONE FOR F AND SUBSEQUENT NONE

37.04,36 WHEN FUEL CELL
IS DRAWING CURRENT FROM

MAIN BUSS 37.04.25

REQUIRED

37.04,08 IS REMOVED FROM THE

SYBTEM.

FUEL CELL 37.04.05 WILL

PROVIDE ELECTRIC POWER.

PHASES .

BY FUEL CELL 37.0L4.05.

REDUNDANCY IS PROVIDED




82¢

o s O e oo e G e
MISSION: LUNAR SHUTTLE MIDCOURSE CORRECTION-IDLE MODE L o CIRCULARIZE AT TARGET ALTITUDE O o APOLUNE PLANE CHARGE U o EARTH ORBIT CAPTURE
FM%?)%SLE: CONMAND XD CONTROL o ISERTION ITO B TICAL URAR ORET W Lonan onenr ceepaTIONS ‘. ii;f;:;:ﬁ:;;?; o cavins
[| SYSTEM;  FLECTRICAL FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FURCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT OM RNS MISSION OR SPACECRAFT
£ 37.01.35 TRANSMITS SIGNAL FROM 1. FATIURE TO CLOSE | ACTUAL L0SS. FUEL CELL F| | NONE FOR F AND SUBSEQUENT FONE .
REVERSE CURRENT REVERSE CURRENT SENSOR 37.04,05 IS NOT CONNECTED PHASES. REDUNDANCY IS PROVIDED
SWITCH 37.04,33 TO MATN FEED TO THE MATN BUSS 37.04.25 BY FUEL CELL SYSTEM 37.04.08.
CONTACTOR 37.04.26 TO REDUNDANT FUEL CELL 37.0k4,08
OPEN WHEN FUEL CELL WILL PROVIDE REQUIRED ELECTRIC
37.04.05 TO DRAWING CURRENT POWER.
FROM MAIN BUSS 37.0k.25
SWITCH IS CLOSED FOR 2. FAILURE TO SAME AS ABOVE F| | vone NONE
NOMINAL OPERATION. REMAIN CLOSED
3. FATLURE TO OPEN NONE. FAILURE NOT APPLICABLE F| | vone NONE
70 SINGLE FATLURE ANALYSIS.
4, PATIURE TO SAME AS FATLURE TYPE NO. 3 F| | none NONE
REMATN OPEN




F o TRANSLUNAR INJECTION § o APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS

G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING MIDCOURSE CORRECTION-IDLE MODE

MIDCOURSE CORRECTION—1DLE MODE TRANSEARTH COAST
. - ,
BAISSI0N: LUNAR SHUTTLE TRANSLUNAR COAST L e CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE U o EARTH ORBIT CAPTURE

CLASS: 1H M PULSED AFTERCOOLING PULSED AFTERCOOLING

M o INSERTION INTO ELLIPTICAL LUNAR ORBIT Vv PULSED AFTERCOOLING
. COMMAND AND CONTROL
mlélii PLE | PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION - FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

37.04,36 TRANSMITS SIGNAL FROM 1. FAILURE TO CLOSE ACTUAL LOSS NONE FOR F AND SUBSEQUENT NOKNE
REVERSE CURRENT REVERSE CURRENT SENSOR FUEL CELL 37.04,08 IS NOT PHASES. REDUNDANCY IS PROVIDED
SWITCH 37.04,34% TO MAIN FEED CONNECTED TO THE MAIN BUSS BY FUEL CELL SYSTEM 37.04.05

CONTACTOR 37.0k4,27 TO 37.04.25. REDUNDANT FUEL
OPEN WHEN FUEL CELL CELL 37.04.05 WILL PROVIDE
37.04,08 TO DRAWING 1 REQUIRED ELECTRIC POWER.

CURRENT FROM MAIN BUSS
37.04.25, SWITCH IS FAILURE TO

CLOSED FOR NORMAL REMAIN CLOSED
OPERATION
FAILURE TO OPEN NONE. FAILURE NOT APPLICABLE

TO SINGLE FAILURE ANALYSIS.

FAILURE TO SAME AS FAILURE TYPE NO. 3

REMAIN OPEN




F & TRANSLUNAR INSSCTION J & APOLUNE PLANE CHANGE IRSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
BELIABILITY FAILURE EFFECT AHALYSIS 6 PULSED AFTERCOOLING € PULSED AFTERCOGLING PULSED AFTERCOOLING géamgig%%z {OR-IDLE MODE

| BISSION: LUNAR SHUTTLE ?Am‘mﬁ?&%‘?mﬁ“mm MODE L e CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE EARTH ORBIT CAPTURE

| CLASS: 1H % PULSED ASTERCOOLING PULSED AFTERCOOLING

H ¢ (RGERTION INTO ELLIPYICAL LUNAR ORBIT PULSED AFTERCOOLING

BOBULE: gLE@MCTRIDC:IN,D CONTROL ; PULSED AFTERCODLING KM LUNAR ORBIT OPERATIONS THANSEARTH INJECTION W ORBIT RESUSPLY AND C/O OPERATIONS I
| SYSTEM: FAILURE EFFECT O FAILURE EFFECT OR
ITEM FURCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAET

37.04.37 TRANSMITS SIGNAL FROM- ' JFAILURE TO CLOSE NONE. FAILURE DOES NOT APPLY TO NONE

LOW VOLTAGE RELAY LOW VOLTAGE SENSOR SINGLE FAILURE ANALYSIS.
37.04,29 TO BUSS TRANSFER
RELAY 37.04,30 AND MAIN FAILURE TO REMAIN | NONE. FAILURE DOES NOT APPLY
CONTRACTORS 37.0k4.26 AND CLOSED TO SINGLE FAILURE ANALYSIS,
37.04,27 TO REMOVE MAIN
BUSS 37.04,25 FROM FUEL FAILURE TO OPEN NONE. FAILURE DOES NOT APPLY
CELLS AND CONNECT TO SINGLE FATLURE ANALYSIS,
AUXILIARY BUSSES
37.04.28 FAILURE TO ACTUAL LOSS NONE FOR F AND SUBSEQUENT
REMAIN OPEN MAIN BUSS 37.04.25 WILL BE PHASES. REDUNDANCY IS
REMOVED FROM FUEL CELLS. PROVIDED BY AUXILIARY BUSSES
AUXILIARY BUSSES 37.04.28 WILL 37.0L.28,

PROVIDE ELECTRICAL POWER.
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FORM 830-375

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE

CLASS: 1H
MODULE: COMMAND AND CONTROL
SYSTEM; ~ ELECTRICAL '

ITEM FUNCTION

PULSED

F o TRANSLUNAR INJECTION

G PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSLUNAR COAST

H o INSERTION INTO ELLIPTICAL LUNAR ORBIT

AFTERCOOLING

FAILURE TYPE/MODE

J © APOLUNE PLANE CHANGE
K PULSED AFTERCOOQLING
L o CIACULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHANGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

PHASE FAILURE EFFECT ON RNS

PULSED AFTERCOOLING

MIDCOURSE COARECTION-IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE

PULSED AFTERCOOLING

ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

37.04,38 PROVIDES PEAK LOAD CURRENT

BATTERY

1.

FAILURE TO

OPERATE

ACTUAL LOSS
REDUNDANCY BATTERY 37.04.39
WILL PROVIDE REQUIRED ELECTRICAL

POWER.

ACTUAL LOSS
ABILITY TO PRODUCE POWER IS

LOST. REDUNDANCY IS PROVIDED

BY BATTERY 37.04.39.

REVERSE
CURRENT PROTECTION IS PROVIDED
BY REVERSE CURRENT ASSEMBLY

37.0k.40

NONE FOR F AND SUBSEQUENT
PHASES.

BY BATTERY 37.04.39

NONE FOR F AND SUBSEQUENT

PHASES.

REDUNDANCY IS PROVIDED

REDUNDANCY IS PROVIDED




T4

BELIABILITY FAILURE EFEECT AMALYSIS F e TRANSLUNAR IRBECTION 4 8 APOLUNE PLARE CHANGE INSEATION INTO ELLIFTICAL LUNAR ORBIT PULSED AFTERCOOLING

PULSED AFTERCOOLING K PULSED AFTERCOOLING FULSED AFTERCODLING HIBCOURSE CORRECTION-DLE MODE

TRANBEARTH COABT
tIDCOURSE CORRECTION-IDLE MODE
HISSION: LUBAR SHUTTLE TRANSLUNAR COAST L & CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE BABTH OHBIT CAPTURE

[ CLASS: 1H W PULSED ABTERCOOLING PULSED AFTERCUOLING

INSERTION (NTO ELLIPYICAL LUNAR ORBIT PULSED AFTERCOOLING
iE: COMMAND AND CONTROL 3
sg‘{gs?rgé:f COAND AN PULSED AFTERCOOLING B LUNAR ORBIT OPERATIONS TRANSEARTH INIECTION EBIT RESUBPLY AND C/O CPERAT

FAILURE EFFECT ON FALLURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS WISSION OR SPACECRAFY

37.04.39 PROVIDES PEAK LOAD CURRENT 1. FAILURE TO ACTUAL LOSS KONE FOR F AND SUBSEQUEKT KONE
BATTERY OPERATE REDUNDANCY BATTERY 37.04.38 PHASES. REDUNDANCY IS PROVIDED
WILL PROVIDE REQUIRED ELECTRICAL BY BATTERY 37.04.38.

POWER

ACTUAL LOSS RONE FOR F AND SUBSEQUENT
ABILITY TO PRODUCE POWER IS PHASES. REDUNDANCY IS PROVIDED
LOST. REDUNDANCY IS PROVIDED
BY BATTERY 37.04,38. REVERSE
CURRENT PROTECTION IS PROVIDED
BY REVERSE CURRENT ASSEMBLY

37,04, b1,
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FORM 830-378

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUMAR SHUTTLE

F o TRANSLUNAR INJECTION
PULSED AFTERCOOLING

G

MIDCOURSE CORRECTION—IDLE MODE

TRANSLUNAR COAST

J o APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING

L e CIRCULARIZE AT TARGET ALTITUDE

» » 0 %O
e

e INSERTION INTO ELLIPTICAL LUNAR ORBIT T
PULSED AFTERCOOLING
APOLUNE PLANE CHANGE

PULSED AFTERCOOLING
MIDCOURSE CORRECTION-1DLE MODE
TRANSEARTH COAST

U ® EARTH ORBIT CAPTURE
CLASS: . 14 H @ INSERTION INTO ELLIPTICAL LUNAR oRaiT M PULSED AFTERCOOLING PULSED AFTERCOOLING V  PULSED AFTERCOOLING
;‘\982_‘2;5 g%ﬁcﬁ? CONTROL ! PULSED AFTERCOOLING LUNAR ORBIT OPERATIONS © TRANSEARTH INJECTION W ORBIT RESUPPLY AND C/O OPERATIONS
' FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
37.0hk .42 RECHARGE REUSABLE 1. FAILURE TO ACTUAL LOSS F NONE FOR F AND SUBSEQUENT
BATTERY CHARGER BATTERIES OPERATE BATTERY 37.0%.38 WILL NOT BE

RECHARGED. REDUMDANCY IS

PROVIDED BY BATTERY

37.04.39

PHASES., REDUNDANCY IS PROVIDED
BY BATTERY 37.04.39 AND

BATTERY CHARGER 37.04.43
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72ORM & 8

RELIABILITY FAILURE EFFECT ANALYSIS

WER10M: LUNAR SHUTTLE

F o TRANSLUNAR INJECTION

G PULSED AFTERCOOLING
MIDCOURSE CORAECTION—IDLE WRODE

TRAANSLUNAR COAST

J o APOLUNE PLANE CHANGE
K PULSED AFTERCOOLING
L o CIRCULARIZE AT TARGET ALTITUDE

w v 0 v O

o INSERTION INTO ELLIPTICAL LUNAR ORBIT T
PULSED AFTERCOOLING
© APOLUNE PLANE CHANGE

“

PULSED AFTERCOOLING
MIDCOURSE CORRECTION-IDLE MODE
TRANSEARTH COAST

c H PULSED AFTERCOOLING U o EARTH ORBIT CAPTURE
: M PULSED AFTERCOOLING
LASS: vV PULSE C00!
WODULE:  COMMAND AND CONTROL :‘ ° mza:;rg:g;‘;‘cu LUNAR oRBIT LUNAR ORBIT OPERATIONS o TRANSEARTH INJECTION w OﬁllTDR:SFJ::LY A:‘::,o OPERATIONS
SVSTEM:  COMMAMD AND CONTROL R i
' FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

37.09.0L PROVIDES THE COMPUTATION 1. FAILURE TO ACTUAL LOSS F NONE FOR F AND SUBSEQUENT NONE
COMPUTER DIGIZAL CAPABILITY FOR THE OPERATE REDUNDANT COMPUTERS 37.09.02 PHASES. REDUNDANCY IS

NAVIGATION, CONTROL, COMMAND AND 37.09.03 PROVIDE REQUIRED PROVIDED BY COMPUTERS 37.09.02

AND DATA ACQUISITION SYSTEM COMPUTATIONAL CAPABILITY. AND 37.09.03.

2, ERRONEOUS OUTPUT ACTUAL LOSS F NONE FOR F AND SUBSEQUENT RONE

THREE COMPUTERS ARE PROVIDED
TO ALLOW A VOTING LOGIC WHERE

A NON-CONFORMING OUTPUT WILL

BE REJECTED.

PHASES. THREE COMPUTERS

ARE PROVIDED.




FORM 83376

F o TRARSLURAR INJECTIOR

G PULSED AFTERCOOLING

MIDCOURSE CORRECTIONIDLE MODE
MISSION: LURAR SHUTTLE TRANSLUNAR COAST

®

AFOLUNE PLANE CHARGE
PULSED AFTERCOOLING
CIRCULARIZE AT TARGET ALTITUDE

s INSERTION INTO ELLIPTICAL LUNAR OREITY
PULSED AFTERCOOLING
APOLUKE PLANE CHANGE

PULSED AFTERCOOLING
EIDCOURSE CORRECTION-DLE MODE
THANSEARTH COAST

HELIABILITY FAILURE EFFECT ANALYSIS

FAE R
&
(ﬂ;ap'&:)
@

| Cuass: 1H . . PULSED AFTERCOOLING PULSED AFTERCOOLING U e EARTH ORBIT CAPTURE
> HOBULE: COMMANID AND CONTROL :’ ° mz‘i:;::g:‘:‘c”‘ LURAR ORBIT LUNAR ORBIT CPEBATIONS a THANSEARTH IRECTION :‘ PULSED AFTERCOOLING
SYSTEM: ~ COMMAND AMD CONTROL FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT
[ 37.09.02 PROVIDES THE COMPUTATION 1. FAILURE TO ACTUAL 0SS ¥| | NONE FOR F AND SUBSEQUENT NONE
COMPUTER DIGITAL CAPABILITY FOR THE OPERATE REDUNDANT COMPUTERS 37.09,01 AND PHASES. REDUNDANCY IS |
NAVIGATION, CONTROL, 37.09.03 PROVIDE REQUIRED PROVIDED BY COMPUTERS
COMMAND AND DATA COMPUTATIONAL CAPABILITY. 37.09.01 AND 37.09.03
’ ACQUISITION SYSTEMS.
2. ERRONEOUS OUTPUT | ACTUAL LOSS F| | NONE FOR F AND SUBSEQUENT NONE
THREE COMPUTERS ARE PROVIDED PHASES. THREE COMPUTERS
0 ALLOW A VOTING LOGIC WHERE ARE PROVIDED.

A NON=-CONFORMING OUTPUT WILL

BE REJECTED.
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FORM 830-376

RELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
CLASS: 1H
MODULE:

COMMAND AND CONTROL ,
COMMAND AND CONTROL

G

F o TRANSLUNAR INJECTION

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSLUNAR COAST
H o INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

J o APOLUNE PLANE CHANGE
K PULSED AFTERCOQOLING
L e CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

“w 20 vO

o INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

® APOLUNE PLANE CHANGE
PULSED AFTERCOOLING

o TRANSEARTH INJECTION

g < C

PULSED AFTERCOOLING
#IDCOURBE COARECTION-IDLE MODE
TRANZEAATH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUFPLY AND C/O OPERATIONS

SYSTEM: FAILURE EFFECT ON FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT GN RNS MISSION OR SPACECRAET

37.09.03 PROVIDES THE COMPUTATION 1., FAILURE TO ACTUAL LOSS F NONE FOR F AND SUBSEQUENT PHASES.]NONE
COMPUTER CAPABILITY FOR THE OPERATE REDUNDANT COMPUTERS 37.09.02 REDUNDANCY IS PROVIDED BY
DIGITAL NAVIGATION, CONTROL, AND 37.09.0L PROVIDE REQUIRED COMPUTERS 37.09.,02 AND

COMMAND AND DATA COMPUTATIONAL CAPABILITY. 37.09.01.

ACQUISITION SYSTEMS.

2. ERRONEOUS OUTPUT ACTUAL LOSS F NONE FOR F AND SUBSEQUENT NORE

THREE COMPUTERS ARE PROVIDED
TO ALLOW A VOTING LOGIC WHERE
A NON-CONFORMING OUTPUT WILL

BE REJECTED,.

PHASES. THREE COMPUTERS ARE

PROVIDED.
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FORM 820-376

BRELIABILITY FAILURE EFFECT ANALYSIS

MISSION: LUNAR SHUTTLE
CLASS: 1H

THANSLUNAR IRECTION
PULSED AFTERCDOLING

HMIDCOURSE CORRECTION-1OLE BODE

TAAKSLURAR COAST

IRSERTION INTO BELLIFTICAL LUNAR ORBIT

J & APOLUNE FLANE CHANGE

S PULSED AFTERCOOLING

L e CIRCULARIZE AT TARGET ALTITUDE
& PULSED AFTERCOOLING

w @m WO

o IRGERTION INTO ELLIPTICAL LUNAR OREBIY T
PULSED AFTERCOOLING
& APOLUNE PLANE CHANGE

FULSED AFTERCOOLING

133
Y
w

@ EARTH O8RSV CAPTURE

FULEED AFTERCOOLING
S OCOURRE CORRECTIOH{DLE B0DE

gﬁﬂ{ij- COMMAND AND CORTROL LUMAR ORBIT (PERATIONS TRANSEARTH IRECTION © i
Bl = Sl ‘ | PULSED AFTERCOOLING @ QREIT BEMUSPLY ANE C/0 CPERATIONS
| SYSTEM:  COMMAND AND CONTROL FAILURE EFFECT ON FAILURE EFFECT OF
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EEEECT ON RNS HIBSION OR EPACECRAFT
|| 37.09.0k CONTROLS COMPUTER 1. FATLURE TO ACTUAL L0SS F| | HONE FOR F AND SUBSEQUERT FOKE
COMPUTER SUBSYSTEM | 37 09,01 OPERATE COMPUTER 37.09.0L WILL BE PHASES. '

CONTROLLER

INOPERATIVE. REDUNDANT
COMPUTERS 37.09.02 A¥D 37.09.03

WILL PROVIDE REQUIRED

COMPUTATIONAL CAPABILITY.

REDUNDARCY IS PROVIDED,




RELIABILITY FAILURE EFFECT ANALYSIS

B2S10N: LUNAR SHUTTLE

CLASS: 1M

BODULE: COMMAND AND CONTROL
SYSTEM: COMMAND AND CONTROL

ITEM

FUNCTION

F o TRANSLUNAR IRJECTION

G

H o INSERTION INTO ELLIPTICAL LUNAR ORBIT

t

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSLUNAR COAST

PULSED AFTERCOOLING

FAILURE TYPE/MODE

J o APOLUNME PLANE CHANGE
® PULSED AFTERCOOLING
L e CIRCULARIZE AT TARGET ALTITUDE
M PULSED AFTERCOOLING
LUNAR ORBIT OPERATIONS

FAILURE EFFECT ON
SUBSYSTEM PERFORMANCE

INSERTION INTO ELLIPTICAL LUNAR ORBIT
PULSED AFTERCOOLING

APOLUNE PLANE CHAMNGE

PULSED AFTERCOOLING

TRANSEARTH INJECTION

PHASE FAILURE EFFECT ON RANS

PULSED AFTERCOOLING
MIDCOURSE CORRECTION—IDLE MODE
TRANSEARTH COAST

EARTH ORBIT CAPTURE
PULSED AFTERCOOLING
ORBIT RESUPPLY AND C/O OPERATIONS

FAILURE EFFECT ON
MISSION OR SPACECRAFT

37.09.05 CONTROLS COMPUTER

COMPUTER SUBSYSTEM 37.09.02

CONTROLLER

1. FAILURE TO

OPERATE

ACTUAL LOSS
COMPUTER 37.09.02 WILL BE

INOPERATIVE. REDUNDANT COMPUTERS

37.09.01 AND 37.09.03 WILL

PROVIDE REQUIRED COMPUTATIL ONAL

CAPABILITY.

NONE FOR F AND SUBSEQUENT

PHASES. REDUNDANCY IS PROVIDED.




F e THANSLUNAR HECTIOR & & APULUNE PLANE O
G FPULSED AFTERCDOLING B PULSED AFTERCOOLING

; HIDCOURSE CORRECTION-1OLE MODE , ;
HISSION: LUNAR SHUTTLE TRANSLUMAR FOAST L 6 CIRCULARIZE AT TARGET ALTITUDE

IRBERTION INTO ELLIPTICAL LUNAR OREIY VBT AFTERCOOLING
e -
PULSED A @ i8G & CORARECTIONDLE WIS

TRAMEEARTH COAEY
APOLUNE PLARE CHANGE
iR COOLING PULEED AFTERCOOLING EARTH GRATT U
: CGAID ARD COW 4 e INSERTION INTO ELLIPTICAL LusaR orgry 1 TULSED AFTERCOGLING N SULEED AFTERCHOLING
¢ CONTROL . b SE e A ETERCAE LUNAR GRBIT OPERATIONS TRAMSEARTH HUSECTION
COMMARD AND CONTROL ! ULSED AFTERCOULING CRBIT RESUFPLY ARD CIO OPERATIONS

FAILURE EFFECT OR FAILURE EFFECT ON
ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS BAISSION OR SPACECRAFY

BELIABILITY FAILURE EFFECT ANALYSEES

@ 3 QT O

37.09.06 CONTROIS COMPUTER ACTUATL, 10SS KORE FOR F AND SUBSEQUERT

COMPUTER SUBSYSTEM 37.09.03 .| COMPUTER 37.09.03 WILL BE PHASES. REDUNDAKRCY IS PROVIDED.

CONTROLLER ) » INOPERATIVE. REDUNDANT COMPUTERS

37.09.02 AWD 37.09,01 WILL
PROVIDE REQUIRED COMPUTATIONAL

CAPABILITY.

FA 74




F o TAANSLUNAR INJECTION J @ APOLUNE PLANE CHANGE INSERTION INTO ELLIPTICAL LUNAR ORBIT PULSED AFTERCOOLING
RELIABILITY FAILURE EFFECT ANALYSIS g
——— G PULSED AFTERCOOLING K PULSED AFTERCOOLING PULSED AFTERCOOLING MIDCOURSE CORRECTION-IDLE MODE

TAANSEARTH

EREZI0N: LUNAR SHUTTLE ¥,',‘:°,,‘g‘:3§§°§,'}f§"°"-'°“"°°* L e CIRCULARIZE AT TARGET ALTITUDE APOLUNE PLANE CHANGE EARTH ORBIT :A::RE )

CLASS: 1 H o INSERTION INTO ELLIFTICAL LUNAR ORBiT ¥  PULSED AFTERCOOLING PULSED AFTERCOOLING PULSED AFTERCOOLING

pordchnd gmmm ﬁ gglgggi ! PULSED AFTERCOOLING N LUNAR ORBIT OPERATIONS TRANSEARTH INJECTION ORBIT RESUPPLY AND C/O OPERATIONS
SYSTEM: FAILURE EFFECT ON FAILURE EFFECT ON

ITEM FUNCTION FAILURE TYPE/MODE SUBSYSTEM PERFORMANCE PHASE FAILURE EFFECT ON RNS MISSION OR SPACECRAFT

37.6%.07 STORE DATA FOR DIGITAL 1, FAILURE TO ACTUAL LOSS NONE FOR F AND SUBSEQUENT
AUXILIARY MEMORY COMPUTER SYSTEM OPERATE THE DATA STORED IN THE PHASES. DATA IN AUXILIARY
AUXILIARY MEMORY WILL NOT BE MEMORY IS NOT REQUIRED FOR
AVAILABLE TO THE DIGITAL MISSION SUCCESS.
COMPUTERS. UNDER CURRENT
GROUND RULES THERE WILL NOT
BE ANY FLIGHT CRITICAL DATA

STORED IN THE AUXILIARY MEMORY.




2,4 CRITICALITY ANALYSIS

The criticality analysis computer printout sheets are presented in this section,
The methodology and method of computation are discussed in Section 2,2, Each
item listed in the FMEA sheets in Section 2,3 as an actual, probable, or pos-

sible loss item is analyzed in the analysis and quantified.

The computer printout sheets displayed in this section considered a Class 1
Hybrid design and treated external leakage as a viable failure mode. The
criticality ranking list for a Class 1 Hybrid RNS and a Class 3 without leakage
is shown in Table 2-7. The units of criticality are failures per million mis-
sions. The results for a Class 1 Hybrid RNS with leakage are given in the
computer printout criticality ranking list tabulated in Table 2-8, A Class 3
RNS criticality ranking list would appear the same as Table 2-8 with Items
15,06-04, 15,06-08, and 15.09-07 removed and Item 15, 05. 05 added with

a criticality of 815 units,
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CRITICALITY RANKING
(Without Leakage)

Table 2-7

Rank Criticality Name Number
1 10073 Engines, APS (20) 36,01, 01,01
2 8399 Gas Generator (2) 36,01, 02, 17
3 8399 Gas Generator (2) 36.01, 04, 17
4 1021 Engines, Propellant Settling (2) 36,03,01,01
5 815 Valve, Block 15, 05, 05
6 653 Check Valve, Resupply 25,09, 11
7 199 Fill Valve 25,09, 03
8 199 Fill Valve 25,09, 04
9 152 Nozzle, Resupply 25,09, 12

10 152 Flow Meter 25,09, 10
11 144 Voltage Limiter Sensor 37.04, 19
12 144 Voltage Limiter Sensor 37.04, 20
13 109 Filter 36.01,02, 11
14 109 Filter 36.01,04, 11
15 54 Voltage Limiter Control 37.04, 21
16 54 Voltage Limiter Control 37.04,22
17 42 Valve, Vent and Relief 15. 10, 02
18 29 Valve, Relief 15, 10, 03

*Class 3 only.
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CRITICALITY RANKING LIST 36 612.5 QUAD VALVES,;CONTROL GH2 25, 06=03
37 612.5 QUAD VALVES,FLT VENT GHZ- 25¢vit=02
RANK CRIT. NO. NAME REM NO. 38 457.5 DUCTING,FUEL,;APS 36.01.01~-07
39 457.5 DUCTING,OXIDIZER;APS 36.01.01-08
i 10072.3 ENGINES,APS{(2D) 36.01.01-01 L 350.8 CHECK VALVE,;Gri2,APS 36. 01,0206
2 8399.§0 GAS GENERATOR,LHZ2,APS(2) 36.01.02~17
3 8399.0 GAS GENERATOR,G02,APS(2) 36.01.04~17 41 350.8 CHECK VALVE,LH2,APS 36, 01.02-09
4 2592.5 QUAD VALVES,PRESS LO2APS 36.01,04-12 42 35G.8 CHECK VALVE,602;APS S 30 0L 0h=08
5 2592.5 QUAD VALVES,PRESS LH2APS 36, 61.,02-12 43 358.8 CHECK VALVE,FO2,APS 36.,01.04-09
' L3 251,.1 VALVE,GRD FILL,DRAIN LH2 15.09-07
6 142549 CNTRL VALVES,GH2,NC22APS 36.01.01-04 45 216.2 DUCTING,GH2 : - 15,06-0¢ ——
7 1425,9 CNTRL VALVES,G02,NC22APS 36.01.01-06 -
8 1296.3 QUAD VALVES,LH2 VENT,APS 36401,03-12 AR e ——
9 1296.3 QUAD VALVES;L02 VENT,APS 36.01.05-12 46 216.2 DUCTING,VENT+RELIEF,GH2 15.10-01
18 1621.4 ENGINES,PROP SETTLING(2) 36.03.01-01 - 7- 2%6+2-- - DUCTING, FLT VENT,OH2—— 15+ 4304 —
48 216.2 DUCTING,GH2 25.06-01
i1 657.5 GROUND PRESS VALVE,GH2 15,06-08 49 216.2 DUCYING,GH2 25.11-01
i2 653, 4 CK VALYE,RESUPPLY LH2 25, 09-11 50 199.1 FILL VALVE,INFLT XFER 250904
13 648.1 VALVE,LH2 yNCAPS 36.01.03~07
ik 648,1 VALVE,LH2,NOAPS 36.01.063~08 51 199.1 FILL VALVE,INFLT XFER 25.09-(3
15 648,11 VALVE,LH2,GRD FILL,APS 36.01.03-10 52 189.4 DUCTING,LH2 FILL 25y 09«02~
53 151,.5 NOZZLE,RESUPPLY LH2 25.,09-12
16 648o1 VALVE,GH2 ,GRD FILL,APS 36.01.02-06 54 151.5 FLOW METER,RESUPPLY LH2 25,09-10
i7 648,11 VALVE,GO2,NOAPS 36.01.,04-03 55 144,11 VOLTAGE LIMITER SENSOR 37, 04=19—
18 648, 1 VALVE,GO2,NOAPS 36401.04~04
i9 648,11 VALVE,G02,GRD FILL,APS 36.01.04~-06 56 14,1 VOLTAGE LIMITER SENSOR 37,0420
20 648,.1 VALVE,GH2 yNOAPS 36.01.u2-03 57 169.0 FILTER,GH2,APS 36.01.02-11
58 169.9 FILTER,GO2,4APS 36.01.04-11
21 648,1 VALVE, GHZ y NOAPS 36.01.02~04 59 161.2 DUCTING,FEED LH2 25.05-09
22 648.1 VALVE,LO2 ; NCAPS 36,01.05=-03 60 91.5 DUCTING,LH2,APS 36, 01.,03~13
23 648,1 VALVEsLO2 4NOAPS 36,01.U5-04
24 648,41 VALVE,LOZ s NCAPS 36.04.05-07 61 91.5 DUCTING,L02,APS 36.,01.05-13
25 648,11 VALVE, LO2 ,NOAPS 36.01.55=-08 62 77.6 CK VALVE,CHILL NERVAFEED 25.05=07
63 77.6 CK VALVE,CHILL STAGEFEED 25, 05=-05
26 6481 VALVE,LO2,GRD FILL,APS 36.01.05-13 64 77.6 CK VALVE,CHILL NERVAFEED 25.05=06
27 64841 VALVE, LH2,NCAPS 36.01.u3-03 65 6he8 VALVE, GH2 s NOAPS 36.01.G2-19
28 648,11 VALVE,LH2 ,NOAPS 36.01.03-04
29 612.5 QUAD VALVES,XPULSION GH2 15.06-02 66 64.8 SO VALVE,GH2,;HTEXCH, APS 36.,01.02-20
30 612.5 QUAD VALVES,CONTROL GH2 15.06~¢3 67 64od SO VALVE G02,HTEXCH, APS 36.01.02=-21
68 64,8 VALVE,; GH2 , NOAPS 36.01.62-25
31 612.5 QUAD VALVES,PREPRESS GH2 15.06=-0¢4 69 64,8 VALVE, GHZ2 yNCAPS 36,01.62-26
32 612.,5 QUAD VALVES,RESUPPLY LH2 15, 88-04 70 648 VALVE, GH2 ¢ NOAPS 36.01.02-13
33 612,5 QUAD VALVES,FLT VENT,GH2 15,11-02
3y €12.5 QUAD VALVES,CHILLDOWN 25.05=-08 71 64,8 SO VALVE;GH2,HTEXCH, APS 36.01.02-14
35 612.5 QUAD VALVES,XPULSION GH2 25.06=-02 72 64,8 VALVE, 602, NOAPS 36.01.04-13

Table 2-8.

CLASS 1 HYBRID RNS



73 64,8 SO VALVE,GO2,HTEXCH, APS 36.01.04-14 91 35.1 GHECK VALVE,LO02,APS 36,01,05-01

74 6l 8 SO VALVE,GH2,HTEXCH, APS 36.01,04-15 92 35.1 CHECK ¥ALVE,LC2,APS 36.01,05-05
75 the8 - —VALVESG02 yNOAPS - - 36.01.06-19 93 35.1 CHECK VALVE,LH2,APS 36401.02-01
94 35,1 CHECK VALVE,LH2,APS 36,01.63-05
76 64,8 SL VALVE,GO2,HTEXCH, APS 36.01.04-20 95 28.8 02 ASSY,FUEL CELL(S) 37.04-03
—FP e bl 8 SOV ALYEy 6H2 yHFEXCHy APS 36.01,04=21
78 6448 VALVE,602,NOAPS 36.01.04-25 96 28.8 02 ASSY,FUEL CELL(S) 37.04-04
79 64,8 VALVE, G02,NOAPS 36.01.04-26 97 28.8 #H2 ASSY,FUEL CELL(S) 37.04-01
4 - 4B SO VALVE;602,HTEXCH,APS 36, 01.02=15 98 2848 H2 ASSY,FUEL CELL(S) 37.04=-02
— - 39 28.6 VALVE,RELIEF,GH2 15,10-03
*9 9.2 HEAT EXCHANGER,LH2,APS 36.01.02~18
81 61,0 ACCUMULATOR,GH2,APS 36.01.02-07
BB 610 - -~ ACEUMULATOR;G02;APS -~ - - 36.01.,04=07 *1 9.2 HEAT EXCHANGER,LH2,APS 36.01.02-24
83 61.0 TANK,L02 STORAGE,APS 36.01.95-09 ER oG5 2 - - - HEAT EXGHANGERGEG25 AP~ - - 36+ 6Lalh—18-
84 61,0 TANK,LH2 STORAGE,APS 36.01.03-09 *3 9.2 HEAT EXCHANGER,L02,APS 36.01.G4-20
85— ---Blel - VOLTAGE LIMITER CNTRL: 37.04=21 *4 544 DISCONNEGT,GH2 PRESS 15.06-06
*5 5ot CHECK DISCONNECT,PRESS 25,06-05
86 5440 VOLTAGE LIMITER CNTRL 37.04-22
g Fr—me k6 o VARVE S VENTHRELIEF; GH2 - -~ 15.10-02 *6 be? DISCONNECT,LH2 TRANSFER 15.05-04
88 3840 ISOLATION VALVE,LH2 15,05-02 *7 b7 DISCONNECT LH2 FILL 25,09-01
89 38.0 ISOLATION. VALVE,LH2 15,05-01 *8 .0 RELIEF VALVE,GHZ,APS 36.01.62~10
o0 RELIEF VALVE,G02,APS 36.01.04-10

9  ——37+3 —DUCTING;Lr2 TRANSFER 15,05-03 *9



REFERENCE RUN i CASE 5
CLASS 1 HYBRID PNS

PROPELLANT FEEDs15.05

A ISOLATION VALVEstHZ 15.05=01 .. .. L
(2362)FAIL TO PEMAIN -GLOSED : i
(2602) LEAKAGE 37
[ e ITOTAL ) 38 _ _
o 2 ISOLAYION VALVE,LHZ 15.65~02 o _
(2962)FAIL TO REMAIN CLOSED 1
2002) LEAKAGE 37
e . o ITOTAL _38 _
.3 . _DUTTING,LH2 TRANSFER 15.05~03 :
(2002) LEAKAGE : 38
ITOTAL 38
4 DISCONNECT,LH2 TRANSFER 15.05-04
JE e t2p02y . _LEAKAGE -5
ITOTAL 5

N e
{ SUBSYSTEM PROPELLANT FEED,15.05

CRITICALITY 118.7

... RELIABILITY _  .999881 .
PHASE F PHASE G PHASE H PHASE I PHASE J PHASE K PHASE L PHASE o
I [ £ 75 ) (108. ) .1 ) . (. 12. ) (1 ) S0 12. ) ( +1 ) ( 19. )
PHASE CRITICALITY 260 6.0 6.0 6.2 6.3 6.6 6.7 7.3
FAILURE CRITICALITY 28.0 48.7 3.3 La.8 2.9 4.1 2.5 5.5
PHASE 0 PHASE P PHASE Q PHASE R PHASE S PHASE T PHASE U PHASE V
( .1 9 (14, ) ( .1 ) ( 12. ) (.1 ) ( 72, ) (.25 )  45. )
. PHASE CRITIGALITY Tl Y A T8 8.1 8.2 10.7 11.0 10.7
FAILURE CRITICALITY 2.0 3.2 1.5 2.0 1.0 7.6 1.3 o0



6v¢

SUBSYSTEM

CLASS 1 HYBRID RNS

PRESSURIZATION,15.06
DUSTING,GH2 15.06-01
(2c02) LEAKAGE 216

ITOTAL 216

QUAD VALVES,XPULSION GH2 15.06-02
(2002) LEAKAGE
ITOTAL

QUAD VALVES,CONTROL GH2 15.06-03
(2502) LEAKAGE
ITOTAL

QUAD VALVES,PREPRESS GH2 15.06=-04
(2002) LEAKAGE
ITOTAL

DISCONNECT,GH2 PRESS 15.06-06
(2002) LEAKAGE
ITOTAL

GROUND PRESS VALVE,GH2 15.06-08
2002) LEAKAGE
ITOTAL

PRESSURIZATION,15.06

613

613

613

658

CRITICALITY 2716.7
RELTABILITY «997283
PHASE F PHASE G
( .75 ) (108. )
PHASE CRITICALITY 113.1 127.1
FALLURE CRITICALITY 1561.9 212.9
PHASE 0 PHASE P
.1 ) ( 14, )
PHASE CRITICALITY 173.3 172.0

FAILURE CRITICALITY 112.5

13.9

613

613

613

658

PHASE H

(

1 )
139.7
185.8

PHASE Q

(

1 )
183.6
86.1

PHASE I
{12, )
138.7
20.9

PHASE R
« 12, )
181 .8
8.7

REFERENCE RUN 1 CASE

PHASE J
.1
151.0
162.3

PHASE S
(o1 )
193.2
58.5

PHASE K

( 12. )
149.8
18.10

PHASE T
( 72. )
200.2
31.9

PHASE L
( «1 )
161.9
137.9

PHASE U
(.25 )
233.9
746

PHASE M
( 19. )
161.5
23.8

PHASE Vv
( 45, )
236,10
6.8



04

[ .

SUBSYSTEM

QUAD VALVES,RESUPPLY Ld2 15.0
{2ug2} LEAKAGE

VALVE,GRD FILL,DRAIN LH2 15.3
(2962)FAIL TO REMAIN GLOSED
2602) LEAKAGE

CLASS-4 HYBRID RNS

FILL AND DRAIN/ORBIT REFUELING 15.09

9-0Lk
613
ITOTAL 643
9-37
4]
245
ITOTAL 251

FILL AND DRAIN/ORBIT REFUELING 15,09

CRITICALITY 863.6
RELIABILITY » 999136

PHASE CRITICALITY
FAILURE CRITICALITY

PHASE CRITICALITY
FAILURE CRITICALITY

PHASE F
( 75 )
37.86
495,06

PHASE 0O
€ 1 )
55.¢
35.9

PHASE 6 PHASE H PHASE I
(108, ) .1 ( 12. )
40.9 4.7 Lh,1
67 46 59,10 6.6
PHASE P PHASE @ PHASE R
( 14, ) .1 ) ( 12. )
Sha4 58.2 57.5
Lok 27.5 2.8

REFERENCE RUN

PHASE J

.1 )

48.0
51.6

PHASE S
(o1 )
-61.2
18.8

PHASE K
{ 12. )
47.5
5.7

PHASE T
C72. )
634
13.3

i CASE

PHASE L
« .1 )
S1.4
43.9

PHASE U
(.25 )
Thaob
24.2

i%

PHASE M
¢ 19. )
51.1
7.6

PHASE V
€ 45, )
Th.8
2.2



15¢

SUBSYSTEM

CLASS 1 HYBRID RNS

VENT AND RELIEF,GH2,15-10

DUSTING, VENT+RELIEF,GH2 15.10-01

(2002) LEAKAGE 216
ITOTAL
VALVE ,VENT+RELIEF,GH2 15.10-02
(2962)FAIL TO REMAIN CLOSED 11
(2002) LEAKAGE 31
ITOTAL
VALVE ,RELIEF,GH2 15.10-03
(2362)FAIL TO REMAIN CLOSED 7
(2002) LEAKAGE 21
ITOTAL
VENT AND RELIEF,GH2,15-10
CRITICALITY 28644
RELIABILITY «999714
PHASE F PHASE G
€ 75 ) (108, )
PHASE CRITICALITY 1844 13.6
FAI_URE GRITICALITY 161.4 2241
PHASE © PHASE P
o L €1 ) ( 14, )
PHASE CRITICALITY 18,1 17.1
FAILURE CRITICALITY 12.1 1.5

216

42

29

PHASE H

(

1 )
14.7
19.3

PHASE Q

{

1 )
i9.1
9.5

PHASE 'I
« 12. )
13.8
22

PHASE R

€12, ).

18.1
1.0

REFERENGE RUN

PHASE J
.1 )
15.9
17.0

PHASE K
( 12. )
14.9
1.9

PHASE T
( 72, )
20.5
3.8

1 CASE

PHASE L
.1 )
16.9
14.6

PHASE U
(.25 )
25.5
9.8

20

PHASE M
( 19. )
16.1
2.5

PHASE V
{ 45. )
23 .7
1.1



A4

(=S

SUBSYSTEH

DUCTING,;FLY VENTyGH2 i5.

(2002) LEAKAGE

QUAD VALVES,FLT VENT,GH2 15.

(2002) LEAKAGE

FLIGHT VENT,15.11

CRITICALITY 828.7
RELIABILITY 2999171
PHASE
. ( 75
PHASE CRITICALITY 3h4.
FAILURE CRITICALITY 476,
PHASE
¢ .1
PHASE CRITICALITY _ 52,
FAILURE CRITICALITY 34,

CLASS 1 HYBRID RNS

FLIGHT VENTs15.11

1i1-01
216
ITOTAL
11-92
613
ITOTAL

F PHASE G

) (188, )
5 - 38.8
4 6449
0 PHASE P
) ( 14. )
9 52.5
3 42

216

613

PHASE H
€ .1 )
42.6
56.7

PHASE Q
{1 )
56.0
2643

PHASE I
( 12. )
4243
Bl

PHASE R
 12. )
55 .4
247

REFERENCE RUN

PHASE J
C +1 )
4641
49,5

PHASE S
(o1 )
58,9
17.9

PHASE K
( 124 )
45.7
5.5

PHASE T
72, )
61.1
9.7

i

CASE

PHASE L
(o1 )
49.4
42,1

PHASE U
(.25 )
71.3
2248

25

PHASE M
( 19, )
49,3
7.3

PHASE V
( 45, )
72.0
2.1



€a¢e

SUBSYSTEHM

CLASS 1 HYBRID RNS

PROPEL LANT FEED, 25,05

CK VALVE,CHILL STAGEFEED 25.05-05
(2002) LEAKAGE 78
ITOTAL
CK VALVE,CHILL NERVAFEED 25,05-06
(20602) LEAKAGE 78
ITOTAL
CK VALVE,CHILL NERVAFEED 25.05-07
(2702) LEAKAGE 78
ITOTAL
QUAD VALVES,CHILLDOWN 25.065-08
(2002) LEAKAGE 613
ITOTAL
DUCTING,FEED LH2 25.05=-09
(2002) LEAKAGE 101
ITOTAL
PROPELLANT FEED,25.065
CRITICALITY 946.6
RELTABILITY 9393053
PHASE F PHASE 6
{ «75 ) (108. )
PHASE CRITICALITY 55.2 28.7
FAILURE CRITICALITY 573.8 4840
PHASE 0 PHASE P
( «1 ) ( 14. )
PHASE CRITICALITY 81.8 _ 38.8
FAILURE CRITICALITY 40.7 3.1

78
78
78
613
101
PHASE H PHASE I
Gl ) 120
YA 31.3
6840 4.7
PHASE Q  PHASE R
o1 ) ( 120 )
87.3 41.0
31.1 2.0

RE FERENGE RUN

PHASE J PHASE K
C «1 )  12. )
704 33.8
59.2 Go1
PHASE S PHASE T
{(s1 ) ( 72. )
32.5 45.1
2i.0 7.2

1 CASE

PHASE L

26

1 )

761
50.1

PHASE U
(.25 )
110.6
2607

PHASE M
( 19. )
364
S5t

CPHASE V

( 450 )
53.2 .
1.5



~N
-4

[

SUBSYSTEH

CLASS 1 HYBRID RNS

PRESSURTZATION;?5.06
DUSTING;GHZ 25,0601
(2192) . LEAKAGE 216

ITOTAL 216

QUAD VALVES;XPULSION GH2 25.06~02
(2002) LEAKAGE
ITOTAL

QUAD VALVES,CONTROL GH2 25.06-03
(2002) LEAKAGE
ITOTAL

CHEGK DISCONNECT,PRESS 25.06-05
(2002) LEAKAGE
ITOTAL

PRESSURIZATION,25.06

613

613

CRITIGALITY 1446.6
RELTABILITY 2998553
PHASE F PHASE G
( «75 ) (108. )
PHASE CRITICALITY 60.2 677
FAILURE CRITICALITY 831.7 1134
PHASE 0 PHASE P
( 1 ) ( 14, )
PHASE CRITICALITY 92.3 91.6
FAILURE CRITIGALITY 59.9 Tols

613

613

PHASE H
<1 )
Tholy
98.9

PHASE Q
.1 )
97.8
45.8

PHASE I
( 12. )
73.8
11.1

PHASE R
( 12. )
96.8
4e6

REFERENCE RUN

PHASE J
€1 )
30.4
86. 4

PHASE S
(.1 }
102.9
31.2

PHASE K
( 12. )
79.8
9.6

PHASE T
( 72 )
106.6
17.0

i CASE

PHASE L
( .1 )
86.2
73.4

PHASE U
(.25 )
124.5
39.7

30

PHASE M
( 19. )
86.0
12.7

PHASE V
( 45, )
125.7
3.6



SUBSYSTEY

.4 _ DISCONNECT,LH2 FILL 25.09-01 . . _
(2002) LEAKAGE 5
ITOTAL
2 DUCTINGsLH2 FILL 25,09-02
o C(zno2y LEAKAGE 189
ITOTAL
3 FILL VALVE,INFLT XFER 25.09-03
(1238) FAIL TO CLOSE 161
o (2962)FAIL TO REMAIN CLOSED 0
(2002) LEAKAGE 38
ITOTAL
4 FILL VALVE,INFLT XFER 25.09-04
. (1236) . _FAIL TO CLOSE 161
(2962} FAIL TO REMAIN CLOSED 0
(2002) LEAKAGE 38
_ ITOTAL
5 FLOW METER,RESUPPLY LHZ  25,09-10

(2024) CLOGGED 152
ITOTAL

CK VALVE,RESUPPLY LH2 25.09-11

(1221) FAIL TO OPEN 653
ITOTAL

NOZZLE,RESUPPLY LH2 | 25,09-12

(2024) CLOGGED 152
ITOTAL

FILL AND DRAIN/ORBIT REFUELING,25.09

CRITICALITY 1548, 8
RELIABILITY 2998451
PHASE F PHASE G
{ =75 1} (108, 3
PHASE CRITICALITY 403,3 8243
FATLURE CRITICALITY 717 .4 102.7
PHASE 0 PHASE P
1 )  1hs 3
PHASE CRITICALITY 88.3 bl B
FATLURE CRITICALITY 4.9 10.2

5
189
199
199
152
653
152
PHASE H
1 )
80,9
90.8
PHASE Q
(4 )
90,5
£9.2

CLASS 1 HYBRID RNS _

PHASE I
{ 12. )
36.3
10.8

PHASE R
{ 12. )
55.7
800

REFERENGE RUN

FILL AND DRAIN/ORBIT REFUELING,25.09

PHASE J
€ .1
83.4
85,7

PHASE S
(ol ]
92. 6
03,2

PHASE K
{ 12. )
38,7
10.1

PHASE T
{72, 1
8.1
43.6

1 CASE 35

PHASE L
{ .1 3
85,8
80.4

PHASE U
{.25% )
177 .3
142.4

PHASE ™
( 13, )
G408
15,0

PHASE
{ 45, )
T4s3
24 .3



CLASS 1 HYBRIO RNS

FLIGHT VENT,25.11

i N DUCTING,GH2 ] 25,11~01
(2102) LEAKAGE 216
ITOTAL
2 QUAD VALVES,FLT VENT GH2 25.11-02
(2002) LEAKAGE 613
ITOTAL
 SUBSYSTEM FLIGHT VENT,25.11
CRITICALITY 828.7
RELIABILITY .999171
PHASE F PHASE G
- ) , ( 75 ) (108, )
PHASE CRITICALITY 34.5 38.8
FAILURE CRITICALITY 47604 6409
) PHASE 0 PHASE P
(o1 ) ( 14 )
,,,,, ) PHASE CRITICALITY 52.9 52.5
FAILURE CRITICALITY 34.3 o2

216

613

PHASE H
(.1 )
L2.6
56.7

PHASE Q
(.1 )
56.0
2603

PHASE I
( 12. )
42,3
6okt

PHASE R
(12, )
554
2.7

REFERENCE RUN

PHASE J

(G

PHA
(o1

i )
4601
49.5

SE S

)
58.9
17.9

PHASE K
(12, )
45,7
5.5

PHASE T
G 726 )
611
9.7

1 CASE

PHASE
€ .1

49,
42,

PHASE
(.25

71,
22,

L
)
I
1

u
)

3
8

40

PHASE
( 19.

l"’g.
7.

PHASE
( 45,

M
)

3
3

v
)

7200
2.1



18¢

SUBSYSTEM

CLASS 1 HYBRID RNS

ENGINE ,APS36.01.01

ENSINES,APS(20) 36.01.01-01
{ 812) BURNTHROUGH 10072
ITOTAL 10072

ENGINE,APS36.01.01
CRITICALITY 10072.3

RELIABILITY «989928
PHASE F PHASE G PHASE H
( 75 ) (108. ) € 1 )
PHASE CRITICALITY 5G4.1 5764 572.0
FAILURE CRITICALITY 6961.7 1076.6 87.5
PHASE O PHASE P PHASE Q
( .1 ) { L14. ) 1 ).
PHASE CRITICALITY 657.0 6503 6hl. b
FATLURE CRITICALITY 53.0 4241 40.5

PHASE I
( 12.)
581.1
237 .8

PHASE R
( 12.)
637 .2
2743

REFERENGE RUN

PHASE J
« .1 )
576.6
76. 4

PHASE S
(.1 )
631.5
27.6

PHASE K
(12.)
584.,2
191.0

PHASE T
72, )
62841
27.1

1 CASE 45

PHASE L
( «1.)
579.6
6“.9

PHASE U
(.25 )
785.9
337.4

PHASE M__

(19. )
063.2
790.9

PHASE v
( 45, )
800.8
30.5



8a¢

SUBSYSTEM

CNTRL VALVES,GHZ24NCZ22APS 36.
2n02) LEAKAGE
CNTRL VALVES,GO02,NC22APS 7326,
(2602) LEAKAGE
ODJSTING,FUEL, AFS 36,
(23902) LEAKAGE
DUSTINGyOXIDIZER,APS 36
(2002) LEAKAGE

ENGINE S/S APS 36,01.01

CRITICALITY 3766.8
RELIABILITY «996233
PHASE
( 75
PHASE CRITICALITY The
FAI_URE CRITICALITY 1023.
PHASE
o1
FHASE CRITICALITY 233,

FAILURE CRITICALITY 73.

CLASS 1 HYBRIOD RNS

ENGINE S/S APS 36.01.01

01.01-04
1426
ITOTAL 1426
01.01-06
1426
ITOTAL 1426
61.01-07
458
ITOTAL 458
0i1.01-08
458
ITOTAL 458
F PHASE G PHASE H
) (108. ) 14 )
1 179.3 185.6
3 1394.8 121.7
0 PHASE P PHASE Q
)  14. ) 1 )
2 24243 2L7.4
7 91.2 5644

PHASE I
( 12. )
193 .8
136.9

PHASE R
 12.)
25443
570

REFEREN

PHASE J
( .1 )
199.8
106.3

PHASE S
(.1 )
259.1
38.4

£ RUN

[ 9]

PAASE K
( 12. )
207.6
118.1

PHASE T
( 72. )
325.0
209.2

i CASE

PHASE L
{ .1 )
213.4
9044

PHASE U
(.25 )
343.2
48.9

46

PHASE M
( 19. )
227.9
156.0

PHASE V
( 45. )
380.8
44,5



65¢

10

i1

CLASS 1 HYBRID RNS

GH2 PRESSURANT APS 36.01.02

VAL VE  GH2 yNOAPS 26+01.02-03

(2302) LEAKAGE 648
ITOTAL (L]

VALVE yGH2 yNOAPS 364 01402-04

(2002) LEAKAGE 648
ITOTAL 648

VALVE 4GH2,GRD FILL,APS 36.01.02-006

(2002) LEAKAGE 648
ITOTAL €48

ACCUMULATOR,GHZ2,APS 26.01.02-07

(2002) LEAKAGE 61
ITOTAL 61

CHICK VALVE,GHZ,APS 36.01.02-08

(2002) LEAKAGE 351
ITOTAL 351

CHICK VALVE,GH2,APS 36.01,02-09

(2¢02) LEAKAGE 351
ITOTAL 351

RELIEF VALVE,GHZ, APS 36.01.02-10

(2362)FAIL TO REMAIN CLOSEC 0

(2002) LEAKAGE 0
ITOTAL 0

FI_TER,GH2,APS 26.01,02-11

(2024) CLOGGED 109
ITOTAL 109

QUAD VALVES,PRESS LH2APS 36.01,02-12

2roz2) LEAKAGE 2593
ITOTAL 2593

VALVE ,GH2 yNOAPS 36,01,02-13

(2oaz) LEAKAGE 65
ITOTAL 65

SO VALVE,; GH2, HTEXCH ; APS 26.01.02~-14

(2002) LEAKAGE 65
ITOTAL 65

REFERENGCE RUN

1 CASE

50



o5z

12

13

14

15

16

17

i8

i9

20

SUBSYSTEM

SO VALVE; GOZ,HTEXCH ¢ APS 36601.02-15
(zoo2} LEAKAGE
ITOTAL

HEAT EXCHANGER,LHZ,APS
2002 LEAKAGE

36.01.02~18

ITOTAL

VALVE yGH23NOAPS
(2002) LEAKAGE

36.01.02-19

ITOTAL

SO VALVEsGH2,HTEXCH,APS 36.01.02-20
(2002) LEAKAGE
ITOTAL

SO VALVE GO02,HTEXCH,APS 36.01.02-21
(2602) LEAKAGE
ITOTAL

HERT EXCHANGER,LH2,APS
(2002) LEAKAGE

36.01.02-24

ITOTAL

VALVE 3 GH2 4 NOAPS
(2002) LEAKAGE

36.01.02-25

ITOTAL

VAL VE »GH2yNOAPS
(2002) LEAKAGE

36.01.02~26
TITOTAL
GAS GENERATOR,LH2,APS(2) 36.01.02-17

( 812) BURNTHROUGH
ITOTAL

GH2 PRESSURANT APS 36.01.02
CRITICALITY 14344, 2

65

65

65

65

65

65

8399

RELIABILITY + 985656
PHASE F PHASE 6
{ +75 ) (198. )
PHASE CRITICALITY 1520.3 2301.8
FAILURE CRITICALITY 2991.0 4185.0
PHASE 0O PHASE P
.1 ) ( 144
PHASE CRITICALITY 54847 637.9

FATILURE CRITICALITY 301.6 403.7

65

65

65

65

65

65

8399

PHASE H

(

1 )
475.0
376.0

PHASE Q

(

A )
570.7
27448

PHASE 1
 12. )
525.1
437 .0

PHASE R
( 12. )
618.9
313.1

PHASE J
.1
496.9
352.2

PHASE S
(o1 )
588.8
24648

PHASE K
€ 12. )
546.6
407.9

PHASE T
( 72. )
1852.9
16734

PHASE L
.1 )
518.0
327 .4

PHASE U
(2% )
1000.3
S544,3

PHASE
( 19. )
709.1
597 .86

PHASE V
( 45. )
143344
912.2



19¢

i0

SUBSYSTEH

CHZCK VALVE,LHZ2,APS

CLASS 1 HYBRID RNS

LH2 SUPPLY APS 36,01.03

36.01.,03-01

(2002) LEAKAGE 35
ITOTAL 35

VALVE 3 LH2yNCAPS 36.01.03-03

(2302) LEAKAGE 648
ITaTAL 648

VALVZ ,LH2,NOAPS 36.01.03-04

(2raz) LEAKAGE 6448
ITOTAL 648

CHICK VALVE,LHZ,APS 36.01.03-05

(20022 LEAKAGE 35
ITOTAL 35

VALVE,LH2,NCAPS 36.01.03-07

(2002) LEAKAGE 648
ITOTAL 648

VALVE ,LH2,NOAPS 36.01.03-08

(2132) LEAKAGE 648
ITOTAL o438

TANKy LH2 STORAGE, APS 36.01,03-09

(2002) LEAKAGE 61
ITOTAL 61

VALVE 4LH2,GRD FILL,APS 36.01.03-110

(23902) LEAKAGE 6648
ITOTAL 648

QUAD VALVES,LHZ2 VENT,;APS 36,01.03=-12

(2002) LEAKAGE 1296
ITOTAL 1296

DUCTINGsLH25APS 360 01.03-13

(2002 LEAKAGE 92
ITOTAL 92

LHZ SUPPLY APS 36.01,03
CRITICALITY 4759,6
RELIA3TILITY 2995240

REFERENGE RUN

1 CASE 655



%2

PHASE CRITICALITY
FATLURE CRIVICALITY

PHASE CRITICALITY
FAILURE CRITIGCALITY

PHASE F

{

o 75 3
a3. 6
1293.0

PHASE ©

¢

<1 )
29L.6
93.2

PHASE G
(138, 3
226.6
1762.4

PHASE P
( Lte )
3062
115.2

PHASE H
1 1}
2345
153.8

PHASE Q
¢ 1 3
312.6
71.3

PHASE T
( 12. )
24l o8
i73.0

PHASE R
{12, )
321.3
72.0

PHASE J
1
2524
13404

PHASE S
(el }
327kt
4865

PHASE K
¢ 12. }
262.3
149.3

PHASE T
( 72 )
410.7
26443

PHASE L
.1 3}
269.6
1142

PHASE U
(.25 )
433.7
61.8

PHASE #
( 19. )
287.9
197.2

PHASE V
( 45. )
481 .2
56.2



€92

io0

11

CLASS 1 HYBRID RNS

G02 PRESSURANT APS 36.01.04

VA_VE ,G02,NOAPS 36.01.04-03

(2002) LEAKAGE 648
ITOTAL 648

VALVE 602 ,NOAPS 360 01,04=04

(2002) LEAKAGE 648
ITOTAL 648

VALVE,G02,6GRD FILL,APS 36.01.04-06

(2002) LEAKAGE 648
ITOTAL 648

ACSUMULATOR,G02,APS 36.01404-07

(2002) LEAKAGE 61
ITOTAL 61

CHECK VAL VE,G02,APS 36.01.04-03

(2002) LEAKAGE 351
ITOTAL 351

CHECK VALVE,F0Z,APS 36.01.04-09

(2002) LEAKAGE 351
ITOTAL 351

RELIEF VALVE,GO2,APS 36.01.04-10

(2962)FAIL TO FEMAIN CLOSED 0

(2002) LEAKAGE 0
ITOTAL 0

FILTER,GO2,APS 36.01.04-11

(2024) CLOGGED 109
ITOTAL 109

QUAD VALVES,PRESS LO2APS 36.01.04~12

(2082) L EAKAGE 2593
ITOTAL 2593

VALVE ,G02,NOAPS E6.01.,04=13

2002y LEAKAGE 65
ITOTAL 65

SC VALVE,; GO2,HTEXCH ; APS 36, 01.04-14
{20082) LEAKAGE 65
ITOTAL 65

REFERENCE RUN

1 GASE

60



9¢

13

i

15

16

17

18

19

20

SUBSYSTEM

SO VALVE,; GHZy HTEXCH, APS 36
(20023 LEAKAGE
HEAT EXCHANGER,LOQZ2,APS 36
(znazy LEAKAGE
VALVE sGO24NOAPS 364
(2602} LEAKAGE
SL VALVE,GO2,HTEXCH, APS 36,
2602) LEAKAGE
SO VALVE,GH2,HTEXCH,APS 36
(2002) LEAKAGE
HEAT EXCHANGER,LG24APS 36
(zroz) LEAKAGE
VA_VE 3GO2,4NOAPS 36.
2002) LEAKAGE
VALVE ,GO2 ,NOAPS 26.
(2002) LEAKAGE

GAS GENERATOR,G02,APS{2) 36.

 312) BURNTHROUGH

GO2 PRESSURANT APS 36.01.04
CRITICALITY 14344.2

RELIABILITY 985656
PHASE
€ 75
PHASE CRITICALITY 1520,
FAL_URE CRITICALITY 2991,
PHASE
€ o1
PHASE CRITICALITY 548,
FAI_URE CRITICALITY 301,

01.04~15
65
IT07AL
Gil.04=-18
g
ITOTAL
01.04-19
55
ITOTAL
01.04~20
65
ITOTAL
01.04-21
65
ITOTAL
01.04-24
9
ITOTAL
01.04-25
65
ITOTAL
01.04-26
65
ITOTAL
01.04-17
8399
ITOTAL

F PHASE 6

) (108. )
3 2301.8
0 4185.0
0 PHASE P
) (14, )
7 637.9
6 48347

6%

65

65

65

65

65

8399

PHASE H

(

PHASE Q

(

.1 )
475.0
376.0

1 )
570.7
274.8

PHASE I

(

12. )
52541
437.0

PHASE R

(

12. )
618 .9
31341

PHASE J
( «1 )
496.9
352.2

PHASE S
(o1 )
588.8
24648

PHASE K
(12, )
546.0
407.9

PHASE T
72, )
1852.9
1673 .4

PHASE L
.1 )
518.0
327 .4

PHASE U
(.25 )
1000.3
5443

PHASE M
{ 19. )
709.1
597.8

PHASE V
( 45, )
1433 o4
3912.2



592

1 CHICK VALVE,L02,APS
(2002) LEAKAGE
2 VALVE ,LO2,NGAPS
(2002) LEAKAGE
3 VAL VE ,L02 ,NOAPS
(2002) LEAKAGE
4 CHECK VALVE,L02,APS
2002) LEAKAGE
5 VA_VE ,L02,NCAPS
(2002) LEAKAGE
6 VALVE ,LO02,NOAPS
(2002) LEAKAGE
7 TAMK,LO2 STORAGE,APS
(z002) LEAKAGE
8 VALVE,L02,GRD FILL,APS
(2002) LEAKAGE
9 QUAD VALVES,L02 VENT,APS
(2002) LEAKAGE
10 DUCTING,LO02,APS
(2002) LEAKAGE

SUBSYSTEM LO2 SUPPLY APS 36.01.0%
CRITICALITY 4759,.6
RELIABILITY 29952410

CLASS 1 HYBRID RNS

LO2 SUPPLY APS 36,01.05

36.01.05~-01

35
ITOTAL 35
36.01.05-03
048
ITOTAL 648
36.01.05-04
648
ITOTAL 648
364.01.05-05
35
ITOTAL 35
36.01.05-07
648
ITOTAL 648
36.01.05-08
648
ITOTAL 648
36.01.05-09
61
ITOTAL 61
36.01.05-10
648
ITOTAL €48
36.01.05-42
1296
IT07AL 1296
36.01.05-143
92
IT0TAL 92

REFERENGE RUN

1 CASE

61



992

PHASE CRITICALITY

FATLURE CRITICALITY

PHASE CRITICALITY
FAILURE CRITIGALITY

PHASE F

{

«F5 3
93.6
1293.0

PHASE O

{

o1}
2944 6
93.2

PHASE G
{108. 3
22646
1762.4

PHASE P
€14, )
306.2
11502

PHASE H

{

PR
234, 5
i53.8

PHASE Q

4

<1 ¥
31206
71i.3

PHASE T

¢

12. )
2hb o 8
i73.0

PHASE R

¢

ize )
3213
72,0

PHASE J
1 3
252. 4
1364

PHASE S
(o1 H
327+ 4
4845

PHASE K
¢ 12. }
262.3
169.3

PHASE T
( 72¢ )
4i10.7
26443

PHASE L
 «1 )
269.6
ii4.2

PHASE U
(.25 1}
433.7
61.8

PHASE ®
€ 19. )
287 .9
197 .2

PHASE V
(45, )
481.2
5642



192

SUBSYSTEM

ENSINES, PROP SETTLING(2) 36.0
( 812) BURNTHROUGH
ENGINE 4PROP SETTLING 36.03.01
CRITICALITY 1621.4
RELTABILITY «998979
PHASE F
( «75 )
PHASE CRITICALITY 51.1
FATLURE CRITICALITY 706.0
PHASE O
C 1 )
FHASE CRITICALITY 66+ 6
FATLURE CRITIGCALITY 5.4

CLASS 1 HYBRID RNS

ENGINE ,PROP SETTLING 36.03.01

3.01-01
1021
ITOTAL

PHASE G
(198, )
5844
109.2

PHASE P
(14, )
65.9
443

1621

PHASE H

(

1 )
58,0
8.9

PHASE Q

(

1 )
65.3
bel

PHASE 1
( 12. )
58.9
24 .1

PHASE R
( 12. )
B4 .6
2.8

REFERENCS RUN

PHASE J
1 )
58.5
7.8

PHASE S
(o1 )
ols 0
2.8

PHASE K
( 12. )
59.2
19.4

PHASE T
72. )
63.7
2.8

1

CASE

PHASE L
C .1 )
58.8
6.6

PHASE U
(.25 )
79.7
342

62

PHASE N
( i%. )
6743
80.2

PHASE V
€ 45, )
81.2
3.1



892

SUBSYSTEM

CLASS 1 HYBRID BNS

ELECTRICAL POWER,37.04

H2 ASSY,FUEL CELL(S) 37.04~01
(2002) LEAKAGE
ITOTAL

H2 ASSY,FUEL CELL(S) 37.04-02
(2002) LEAKAGE
ITOTAL

02 ASSY,FUEL CELL(S) 37.04-03
(2082) LEAKAGE
ITOTAL

02 ASSY,FUEL CELL(S) 37.04-04
(2002) LEAKAGE
ITOTAL

VOLTAGE LIMITER SENSOR 37.04-19
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2,5 RELIABILITY DIAGRAMS

The reliability diagrams are presented here to provide a visual representation
of the breakdown of an RNS into modules, a module into systems, and a sys-
tem into subsystems. The reliability allocations and predictions are printed
for each item. The predictions in this section do not consider external leak-

age and therefore are consistent with Tables 2-3 and 2-4. Both concepts are

displayed, with the Class 1 Hybrid RNS first and then the Class 3,

2,6 RELIABILITY RECOMMENDATIONS

A reliability improvement trade study was active during the entire Phase III
study. Early in the study period a series of preliminary reliability analyses
were conducted which resulted in reliability improvement recommendations
in the propulsion, astrionics and auxiliary propulsion system. These recom-
mendations plus additional design changes resulted in the design depicted in
Figures 2-2, 2-3, and 2-4, As these figures show, most of the functional
failure modes (failure to operate, etc.) have been made nonflight critical (no
single failure) by means of redundancy. Only the structural failure modes
(burst, leakage, etc.) remain as single failure items. In general, these
failure modes will be handled analytically, These analyses will have to show
that the probability of occurrence of these failure modes has been reduced to
an acceptable level, A few single failure items will always remain, e. g.,
meteoroid penetration of the propellant tank, primarily due to the cost of

reduction or elimination being prohibitive,

Specific reliability/safety recommendations are made for each flight critical

item on the contingency planning worksheets contained in Section 3, 1,
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Section 3

SAFETY ANALYSIS

This section contains the flight safety analysis performed during the

Phase III study. The safety analysis is primarily a problem definition
exercise, consisting of the contingency planning work sheets (Section 3. 1),
which are a continuation of the reliability analysis described in Section 2,
the fault tree analysis (Section 3.2), which approaches the field of problem
definition in a different manner than the FMEA, the abort analysis

(Section 3. 3), which is also a problem definition activity, but one that deals
with the operations instead of the hardware, and the contingency plan
(Section 3. 4), which presents recommendations on the solutions to some of
the problems identified in the abort analysis. The philosophy is to attempt
to uncover as many of the hardware and operational problem areas as
possible that could cause safety problems. Once a problem is identified the
solution is usually a matter of engineering. That is the reason for the multi-
pronged attack—a problem that does not appear in the failure mode effects
analysis (essentially a bottom-up approach) may appear in the fault tree
analysis (essentially a top-down approach) and problems that do not appear
in either of these (both of which are essentially hardware oriented) may

appear in the abort analysis.

Several potential safety problems have been defined, including explosions in
earth orbit, earth impact during the translunar coast period, desirability for
separate cryogenic storage for essential systems (APS and electric power),
etc., A recommendation for inclusion of a NERVA emergency idle mode has
been made to permit a wider flexibility in abort operations. Additionally,

it is recommended that the 5-hour cooldown period limitation for the
emergency operation be eliminated. However, this analysis is not complete
and must be continued as the design changes, as the operations change, as

ground rules change, and as abort capabilities become more definitive.

289



3.1 CONTINGENCY PLANNING WORKSHEETS

3.1.1 Introduction

The contingency planning worksheets (CPWS) are a continuation of the
reliability analysis discussed in Section 2. The flight critical items,
defined in the failure mode effects analysis (Section 2. 3) and quantified in
the criticality analysis (Section 2. 4), are discussed in this section. These
flight critical items are also single failure items in the single failure
analysis currently used in the reliability analysis. Therefore, these items
are components which, if they fail, can cause loss of the mission and

perhaps more important, can create a safety problem.

Each flight critical item is identified, the effect on the Reusable Nuclear
Shuttle (RNS) is discussed, the applicable mission phase is identified, the
failure type is.categorized, the probability is listed, any secondary effects
are identified, possible corrective action is listed, emergency detection
requirements are identified, and the operational mode requirements are

identified.

The component identification can be used to identify the specific component
under discussion by reference to the system diagrams in Section 2.3. The
operational phases are listed in Table 3-1. The failure categories are
listed in Table 3-2. The probabilities listed on the CPWS were developed
in Section 2. 4 and described in Section 2. 2. The value given is actually the
probability of the failure causing loss of the mission divided by one million.
Secondary effect factors are outside influences which could directly or
indirectly cause the failure. These factors normally do not appear in a
reliability analysis but are important and should be considered. They do
normally appear in a fault tree analysis, which is contained in Section 3. 2.
The possible corrective actions represent the recommendations by the
reliability/safety group to the design group for reliability/safety

improvements.
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Table 3-1

RNS LUNAR MISSION OPERATIONAL PHASES

Mission Phase

Description

e I
G
e H
I
e J
K
e L
M
N
e O
P
e (O
R
e S
T
@ U
v
w

Translunar injection

Pulsed aftercooling
Midcourse correction
Translunar coast

Insertion into elliptical orbit
Pulsed aftercooling

Apolune plane change

Pulsed aftercooling
Circularization at target altitude
Pulsed aftercooling

Lunar orbit operations

Insertion into elliptical lunar orbit
Pulsed aftercooling

Apolune plane change

Pulsed aftercooling

Transearth injection

Pulsed aftercooling
Midcourse correction
Transearth coast

Earth orbit capture
Pulsed aftercooling

Orbit resupply and checkout operations

Denotes NERVA thrusting operation
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Table 3-2
FAILURE CATEGORIES

I

111

IV

Failures which do not require an abort or significant alteration of the

normal mission plan and do not result in the addition of single failure

points to the system.

Failures which allow the stage to continue at normal rated conditions,

do not require an immediate abort, but do introduce additional single

future points to the system.

II-A

I1-C

Failures that do not require any action to continue and

complete the mission.

Failures that require some action to allow continued normal

operation but completion of the mission is allowed.

Failures that allow normal operation but at a penalty to con-
sumables thereby creating a situation where mission comple-

tion may not be possible.

Failures that result in the loss of ability to achieve or maintain normal

conditions but will allow operation at a reduced level.

Failures that result in a prompt loss of RNS control or thrust capability,

or prompt destruction of the RNS.

IV-A
IVv-B

Iv-C

v-D

Failures which result in loss of control of the flight path.
Failures that result in complete loss of engine operation

except cooldown.

Failures that result in complete loss of engine operation

including cooldown.

Failures that result in prompt destruction of the RNS.

V  Failures that result in inability to perform earth orbit or lunar orbit

operations.
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The emergency detection requirements represent the recommendations for
items on the emergency detection system list, items that will monitor the
RNS and warn of impending or actual failures. The operational mode require-
ments are listed in detail in the several contingency plans contained in

Section 3. 4.

3.1.2 Discussion of Results

As discussed previously in Section 2. 6, a series of reliability and safety
recommendations were made to the design groups in the course of the

Phase III Study. These, in general, were for the addition of redundant
components to eliminate functional single failures. The reliability block
diagrams (shown in Section 2. 5) represent the inclusion of many of these
recommendations. In general, the one failure mode that is difficult, if not
impossible to eliminate by redundancy, is external leakage; in fact, the
addition of parallel redundant components to eliminate functional single fail-
ures (e.g., failure to open) increased the possibility of external leakage.
Therefore, most of the items on these sheets are for that type of failure and,
in general, the recommendation is for improved design, specifically,
multiple seals or better seals and welded connections where possible.
Improved propellant contamination requirements (specifications) are also
recommended in response to the statistics that this problem is a mlajor
cause of seal leakage. For the auxiliary propulsion system (APS) a
separate redundant APS is recommended whereby leakage in one system

would not affect the other system.

The contingency planning work sheets are therefore displayed in two
groups—a group which does not include the external leakage failure mode
and is consistent with the reliability predictions of Tables 2-3 and 2-4,
and a second group of CPWS which contains the items where the external

leakage would be a problem if adequate design solutions are not obtained.

3.1.3 Contingency Planning Work Sheets—Group 1

This section contains the contingency planning work sheets that have viable

failure modes other than, or in addition to, leakage.
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! ; failure gency
Check, module is not possible
Plan
Resupply,
LH,

a OO« mH
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Form No. *830-380 (11-70)

T MISSION: Lunar Shuttle
CLASS: 1 Hybrid and 3

CONTINGENCY PLANNING WORK SHEET

MODULE: Propulsion »
SYSTEM: Propellant Fill > _<J ;
=
> - Z 4
w & = o 2
=
3] 2 E o
CRITICAL b S @ SECONDARY POSSIBLE EMERGENCY u<: w3
FAILURE FAILURE EFFECT £ zE @ EFFECT CORRECTIVE DETECTION Wg 3
ITEM TYPE/MODE ON NUCLEAR STAGE & wo o FACTORS ACTION REQUIREMENTS o=«
25.09.12 Clogged Actual Loss F IV 151 C;ont?.mina« Morg stringent propellant cleanliness LH, level in propulsion See
Nozzle, Ability to fill propulsion H|®B tion ml requirements module Contin-
Spray, LH) module is lost. propellants gency
J Plan
L
¢]
Q
S
U
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APS

MISSION: Lunar Shuttle
CLASS: 1 Hybrid and 3 CONTINGENCY PLANNING WORK SHEET
MODULE: Propulsion o
SYSTEM: APS 5 pr
fo 28]
z 3 & =
w = =
€8 2 TuE
CRITICAL & = b o SECONDARY POSSIBLE EMERGENCY el 2
FAILURE FAILURE EFFECT T z5 2 EFFECT CORRECTIVE DETECTION ued
ITEM TYPE/MODE ON NUCLEAR STAGE & wo o FACTORS ACTION REQUIREMENTS O=2c«x
26.01,05 Failure to remain Actual Loss UiV Docking Improved design APS GH; storage
Relief Valve, closed Supply of GH2 for earth orbit] V shock Substitute burst disk Vessel pressure sensor
GH2 Storage,| Leakage operations will be lost. w Provide redundant GH) storage vessel Valve position sensor
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MISSION: Lunar $hutt1e
CASS  Command and. CONTINGENCY PLANNING WORK SHEET

MODULE: Command and Control

[
SYSTEM: APS > I =
> £ z g
=
wk = e 2
x© om - v
CRITICAL u 3 8 % SECONDARY POSSIBLE EMERGENCY E g 35
FAILURE FAILURE EFFECT ;I Z E g EFFECT CORRECTIVE DETECTION we 8
ITEM TYPE/MODE ON NUCLEAR STAGE e wo o FACTORS ACTION REQUIREMENTS O
36,01.01.01 | Burnthrough Actual Loss All}IvV-]| 10072 Improved design None identified at the present |See
36,03,01.,01 Possible destructive impingel b Separation of engines time Contin-
ping P engine
Engines ment on LHy or LOX tanks i gency
AP : or other APS nozzles. Blast shields Plan




Form No. "830-380 (11-70}

Relief

MISSION:  Lunar Shuttle »
CLASS: 1 Hybrid and 3 CONTINGENCY PLANNING WORK SHEET
MOBULE: Command and Control o g:}
SYSTEM:  APS P a =z
[ z u
& o S =
Yo & o=
CRITICAL b 3 8 é SECONDARY POSSIBLE EMEHGERNCY & ‘g 5
FAILURE FAILURE EFFECT g = : 8 EFFECT - CORRECTIVE DETECTION e) 8
ITEM TYPE/MODE ON NUCLEAR STAGE Eowd o FACTORS ACTION REQUIREMENTS Oz
36.01.02.10 J({1) Fail to remain Possible Loss All} II- <1 Provide separate, redundant accumula-] Accumulator pressure See
36,01.04.10 closed Loss of APS propellants may ¢ tor or APS system C:;‘Ctm‘
{(2) Leakage cause loss of attitude controlL g ¥
Valve, Plan
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MISSION;: Lunar Shuttle

S0¢

CLASS: ! Hybrid and 3 CONTINGENCY PLANNING WORK SHEET
MODULE: Command and Control 7
SYSTEM: APS - I =
> = 2 ul
e o o 2
w b=
o @ 2] ; E
CRITICAL ¥ 38 =2 SECONDARY POSSIBLE EMERGENCY c3
FAILURE FAILURE EFFECT § b ':(' g EFFECT CORRECTIVE DETECTION o) 8
ITEM TYPE/MODE ON NUCLEAR STAGE [T 3] a FACTORS ACTION REQUIREMENTS 0OZax
36.01.02.11 | Clogged Actual Loss ALLIIV-] 109 Contamina- | More stringent propellant cleanliness LOX and LH; tank pressure See
irs R A tion in requirement Contin-
36.01.04,11 Ina?ll{lty tolpresil}r;lze LOX propellants a . ents ge:cy
Filter or 2 tanks, which pre - Redundant filter Sine

vents transfer of LOX or

LH; to turbopumps Provide separate, redundant APS

system
Loss of attitude control
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MISSION: Lunar Shuttle
CLASS: 1 Hybrid and 3
MOnpLE: Command and Control

CONTINGENCY PLANNING WORK SHEET

Gas
Generator

SYSTEM: APS . = fg
PO s i
wE = =) ﬁE}
Yo & £ &
CRITICAL g 3 g 2 SECONDARY  POSSIBLE EMERGENCY b i é
TEM FAILURE FAILURE EFFECT g 35 2 EFFECT CORRECTIVE DETECTION ue g
TYPE/MODE ON NUCLEAR STAGE A wo o FACTORS ACTION REQUIREMENTS o2t
36,01,02.17 | Burnthrough Probable Loss All]IV-} 8399 }| Improper Improved design None identified at the present }See
36.01.02.23 Burnthrough may cause D mz(linukflactl\(lret time Contin-
36.01. 04, 17 explosion in the command and and checkoul gency
ot control module. Plan
36.01.04.23
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MISSION: Lunar Shuttle
CLASS: 1 Hybrid and 3 CONTINGENCY PLANNING WORK SHEET
MODULE: Command and Control e
SYSTEM: Electrical >~ 4 E
= Z u
& 4 & =
wk = = W
o« QO o0 "<' «
CRITICAL o 3 2 % SECONDARY POSSIBLE EMERGENCY cl>
FAILURE FAILURE EFFECT Lz 2 EFFECT CORRECTIVE DETECTION LWg g
ITEM TYPE/MODE ON NUCLEAR STAGE & uwJd o FACTORS ACTION REQUIREMENTS O=cx
37.04.01 Burst Possible Loss F [IV- 29 External Improved design Storage sphere pressure See
37.04.02 Possible damage to other G b heat Physical placement blast shield Contin-
components in the RNS, Improper gency
Hydrogen H : S
Assembly manufacture
I and test
J
K
L
M
N
o}
P
Q
R
S
T
U
\%
w

e




Form Ne. *830-380 {11-70)

WiSSIoN: Lunar Shuttle

cLass: 1 Hybrid and 3 CONTINGENCY PLANNING WORK SHEET

#ODULE: Command and Control
SYS$TEM: Electrical - E
> € Z
= z u
F o & =
w& = = W
« O =] E &
CRITICAL W S50 @  SECONDARY POSSIBLE EMERGENCY 3
FAILURE FAILURE EFFECT ;i = Z 2 EFFECT CORRECTIVE DETECTION ¥ss
ITEM TYPE/MODE ON NUCLEAR STAGE T wo o FACTORS ACTION REQUIREMENTS OC=&
37.04.03 Burst Possible Loss IV~ 29 External Improved design Storage sphere pressure See
37.04.04 Possible damage to other D heat Physical placement blast shield Contin-
components in the RNS. Improper gency
Oxygen P Plan
manufacture
Assembly
and test

£ < a0 PWOZEEHERS T IO

TS
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MISSION: Lunar Shuttle

CLASS: 1 Hybrid and 3 CONTINGENCY PLANNING WORK SHEET

MODULE: Command and Control »
SYSTEM: Electrical > -<J E
> £ z u
w = 2 5
@ ] =
CRITICAL "‘U," 3 2 g SECONDARY POSSIBLE EMERGENCY ;:t w s
FAILURE FAILURE EFFECT < I 2 o EFFECT CORRECTIVE DETECTION w 8 8
ITEM TYPE/MODE ON NUCLEAR STAGE & &5 & FACTORS ACTION REQUIREMENTS G2«
37.04.19 Erroneous Qutput Possible Loss II- 144 Provides redundant sensors and a 2/3 Voltage See
37.04.20 Erroneous output may cause B logic Contin-
Voltage output of two fuel cells to be %elncy
Limi different causing degraded an
imiter
Sensor performance.

E<OH®UIOTWOZZERS DO N
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-

£ < ®EBOWOZErRS"TImOH

MISSION:  Lunar Shuttle
CLASS: 1 Hybrid and 3 CONTINGENCY PLANNING WORK SHEET
MODULE: Command and Control #
SYSTEM: Electrical > g z
g o S =
%é) Q 1] Z &«
CRITICAL & = 8 % SECONDARY POSSIBLE EMERGENCY & g 5
FAILURE FAILURE EFFECT § = ":: 8 EFFECT CORRECTIVE DETECTION ws 8
ITEM TYPE/MODE ON NUCLEAR STAGE a wo a FACTORS ACTION REQUIREMENTS O
37.04.21 Erroneous Qutput Possible Loss II- 54 Vibration Provide redundant controls and a 2/3 Voltage See
37.04,22 Erroneous output may cause B logic Contin-
Voltage output of two fuel cells to be %&zncy
oitag different causing degraded an
Limiter
performance.
Control
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MISSION: Lunar Shuttle
CLASS: 3 CONTINGENCY PLANNING WORK SHEET
MODULE: Propellant L P
SYSTEM: LH2 Feed > I =z
= Z W
& S =
0 @ E
CRITICAL W 3 S ?E, SECONDARY POSSIBLE EMERGENCY o« g 5
FAILURE FAILURE EFFECT < Z :: 8 EFFECT CORRECTIVE DETECTION Ie) 8
ITEM TYPE/MODE ON NUCLEAR STAGE & (3} a FACTORS ACTION REQUIREMENTS O=¢
15.05.05 Failure to oven. Ability to transfer IH. to I Iv- 815 Control Provide redundant valves. Valve position See
Failure to remain [the propulsion module i§ lost. u B System Contin-
Blocking aven B Command gency
Valve J plan
L Vibration Eliminate LH, level in nropulsion
mogule.
o}
Q
S




3.1.4 Contingency Planning Work Sheets -'Group 2

This section contains the contingency planning work sheets for the items with

external leakage as the only flight critical failure mode.

312
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Form No. *830-380 (11-70)

MISSION: Lunar Shuttle
CLASS: 1 EHybrid and 3 CONTINGENCY PLANNING WORK SHEET
MODULE: Propellant @
SYSTEM: Feed > 3k
> E Z u
z o Q =
Q9 @ ) o
CRITICAL 4 38 & SECONDAHRY POSSIBLE EMERGENCY Tws
FAILURE FAILURE EFFECT ;:1 b "<" 2 EFFECT CORRECTIVE DETECTION we 8
ITEM TYPE/MODE ON NUCLEAR STAGE & wo o FACTORS ACTION REQUIREMENTS o=«
15.05,03 Leakage Possible Loss F JII- 38 Radiation Improved design LH, liquid level See
Ducting, Loss of LLH during transfer | H ¢ damage C::ctm-
LH, Transfer mode (all power phases) 7 Vibration %’lany
could deplete LH supply
below minimum mission L
requirements, o
Q
S
U
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Form No, *830-380 (11.70)

MISSION: Lunar Shuttle
CLASS: 1 Hybrid and 3

CONTINGENCY PLANNING WORK SHEET

MODULE: Propellant 12}
SYSTEM: LM} Feed E: é %
2
w2 S =
o o %) E «
CRITICAL W o0 & SECONDARY POSSIBLE EMERGENCY =43
FAILURE FAILURE EFFECT § -, : g EFFECT CORRECTIVE DETECTION wea S
ITEM TYPE/MODE ON NUCLEAR STAGE B WO o FACTORS ACTION REQUIREMENTS OZ2c«
15.05.04 Leakage Possible Loss F }II- 5 Incorrect Improved design LHj liquid level See
Disconnect Ability to transfer LH,; may H ¢ docking Contin-
be lost, 7 Abnormal %&;ncy
bending an
L. moments
(¢]
Q
S
v
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tion, GH2

Pressuriza-

could cause loss of ability
to transfer propellant to
propulsion module.

Loss of LH, could cause loss
of ability to complete
mission and/or cooldown,

< dH W ®OWYWOZZERSDQOHN

MISSION: Lunar Shuttle
CLASS: 1 Hybrid and 3 CONTINGENCY PLANNING WORK SHEET
MODULE: Propellant )
SYSTEM: Pressurization > :t‘ >
- 2 W
& 3 S =
%o @ E &
CRITICAL b 3 8 g SECONDARY POSSIBLE EMERGENCY P g 5
FAILURE FAILURE EFFECT ; Z :Z 8 EFFECT CORRECTIVE DETECTION we 8
ITEM TYPE/MODE ON NUCLEAR STAGE A wo o FACTORS ACTION REQUIREMENTS OZ
15,06.01 Leakage Possible Loss Ii- 216 Vibration Improved design Ullage pressure
Ducting, Loss of ullage pressure c LH; liquid level
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CGHp

tion Valves,

Loss of LHy could cause loss
of ability to complete
mission and/or cooldown.,

CHUREDWOZEZER ™ ™mAan

MISSION: Lunar Shuttle
CLASS: 1 Hybrid and 3 CONTINGENCY PLANNING WORK SHEET
MOBULE: Propellant .
SYSTEM: DPressurization > :(‘ E
w Z i
€ = S =
Ho @ = W
= "
CRITICAL u = 2 % SECONDARY POSSIBLE EMERGENCY é g 5
FAILURE FAILURE EFFECT g z5 @ EFFECT CORRECTIVE DETECTION wga
ITEM TYPE/MODE ON NUCLEAR STAGE a owo a FACTORS ACTION REQUIREMENTS O=c
15.06.02 Leakage Possible Loss II- 613 Radiation Improved design Ullage pressure sensor See
15.06.03 Low ullage pressure could ¢ Leak detection system LH, level sensor Contin-
15.06. 04 cause loss of ability to trans %’Tzcy
T fer LH, to propulsion n
Pressuriza- module.,
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MISSION: Lunar Shuttle
CLASS: 1 Hybrid and 3

CONTINGENCY PLANNING WORK SHEET

ullage pressure in propulsion
module may result in NERVA
pump cavitation.

Loss of LH may result in
inability to complete mission
and/or cooldown,

MOBDULE: Propellant L p
SYSTEM: Pressurization > 2 E
- 2 W
& 3 c =
w o =
Mo @ 2. €
CRITICAL 9 3 3 5 SECONDARY POSSIBLE EMERGENCY « g 5
FAILURE FAILURE EFFECT § Z ‘2 g EFFECT CORRECTIVE DETECTION W S
ITEM TYPE/MODE ON NUCLEAR STAGE a wo o FACTORS ACTION REQUIREMENTS o=«
15.06.06 Leakage Possible Loss F jII- 5 Incorrect Improved design Ullage pressure See
Disconnect, Ability to control ullage ul|C docking Contin-
Pressuriza- pressure in propellant and 7 Abnormal %‘;ncY
tion, GHj propulsion module may be bending an
lost, L moment
Loss of ullage pressure in O
propellant module may result 0
in inability to transfer LHj
to propulsion module, S
Loss of ability to control U
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BMISSION: Liquid Shuttle
CLASS: 1 Hybrid and 3

CONTINGENCY PLANNING WORK SHEET

GHp Loss of LLHp could cause

inability to complete mission
and/or cooldown.

< oMWW OWOZEEEHXR—= oo™

MODULE: Propellant @
SYSTEM: Pres surization . Z—!f E
b= z W
& o 5 =
w = =
o 9 2] E =
CRITICAL ' W 3 ,_wu g SECONDARY POSSIBLE EMERGENCY = ‘g =)
FAILURE FAILURE EFFECT % 3 ':; 8 EFFECT CORRECTIVE DETECTION wa 8
ITEM TYPE/MODE ON NUCLEAR STAGE WO o FACTORS ACTION REQUIREMENTS OC2x
15,06.08 Leakage Possible Loss II- 58 | Radiation Improved design Ullage pressure
Ground Loss of ullage could cause ¢ Effects Leak detection system LH, liquid level
Pressuriza- inability to transfer LH) to
tion Valve, propulsion module.
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MISSION: Lunar Shuttle
CLASS: 1 Hybrid and 3

CONTINGENCY PLANNING WORK SHEET

LH) to propulsion module.

< aHxH WX OWOoOZZErRSTQOMN

MODULE: Propellant L e
SYSTEM: Fill > x =
= 2 W
& o 2
CRITICAL u 3 2 5 SECONDARY POSSIBLE EMERGENCY P g =
FAILURE FAILURE EFFECT ?__: b ’E g EFFECT CORRECTIVE DETECTION we 8
ITEM TYPE/MODE ON NUCLEAR STAGE & wo a FACTORS ACTION REQUIREMENTS o=«
15,09.04 Leakage Possible Loss II- 613 Vibration Improved design Ullage pressure See
Fill valve, Loss of ullage or LH) ¢ Leak detection system LH; liquid level Contin-
Orbital, through fill valve could and %‘iﬂcy
LH, cause inability to transfer v an
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Form o, *830-380 (11.70)

pulsion module.

Loss of LLHy could cause loss
of ability to complete
mission and/or cooldown.

< g X PO"WOoZZTPCDRAE™Homn

8ISSION:  Lunar Shuttle ﬁ
CLAsS: 1 Hybrid and 3 CONTINGENCY PLANNING WORK SHEET
MODYLE: Propellant ?3
SYSTER: Ground Vent . :i' P
- = =
w & = 9 %
e Q @ =
CRITICAL w = 9 g SECONDARY POSSIBLE EMERGENCY § WS
FAILURE FAILURE EFFECT < = ’:( g EFFECT CORRECTIVE DETECTION W 8 8
ITEM TYPE/MODE ON NUCLEAR STAGE F &S o FACTORS ACTION REQUIREMENTS OS¢«
15.10.01 Leakage Possible Loss II- 216 Radiation Improved design Ullage pressure See
Ducting, Loss of ullage pressure ¢ LH; liquid level Contin-
Ground Vent, could cause loss of ability to : gency
GHy transfer propellant to pro- Plan
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Form No. *830-380 (11-70}

MISSION: Lunar Shuttle
CLASS: 1 Hybrid and 3

CONTINGENCY PLANNING WORK SHEET

GH2

transfer propellant to pro-
pulsion module,

Loss of LHy could cause loss
of ability to complete
mission and/or cooldown.

< aH®”XPOoWOZZIrRw"™=mnoH

MODULE: Propellant o

SYSTEM: Flight Vent > &' >

= =2

x 3 & =

w = ]

@O <] |,<_ o

CRITICAL u 3 8 g SECONDARY POSSIBLE EMERGENCY o ‘g 5

FAILURE FAILURE EFFECT g b E g EFFECT - CORRECTIVE DETECTION e 8

ITEM TYPE/MODE ON NUCLEAR STAGE A wo o FACTORS ACTION REQUIREMENTS O

15.11.01 Leakage Possible Loss II- 216 Vibration Improved design Ullage pressure See

Ducting, Loss of ullage pressure c LH) liquid level Contin-

Flight Vent, could cause loss of ability to %‘;Zﬁy
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Form Mo, *830-380 {11-70)

pulsion module.

Loss of LHy could cause ina-
bility to complete mission
and/or codldown,

CH®EPTWOZIZERKO-SDHHmonNm

BMISSION: Lunar Shuttle )
CLASS: 1 Hybrid and 3 CONTINGENCY PLANNING WORK SHEET
MODULE: Propeliant < £
SYSTEM: Flight Vent b £ £
- 2 i
& o g =
Eo @ T,Z
CRITICAL w 3 8 g SECONDARY POSSIBLE EMERGENCY [ g =]
FAILURE FAILURE EFFECT < Z Z g EFFECT CORRECTIVE DETECTION us 8
ITEM TYPE/MODE ON NUCLEAR STAGE T Lo o FACTORS ACTION REQUIREMENTS OZ2ex
15.11,02 Leakage Possible Loss II- 613 Radiation Improved design Ullage pressure See
Quad Valves, Insufficient ullage pressure ¢ Leak detection system LH; liquid level Contin-
Flight Vent, could cause loss of ability i:;incy
GH2 to transfer LLHy to the pro- an
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MISSION: Lunar Shuttle

CLASS: 1 Hybrid and 3 CONTINGENCY PLANNING WORK SHEET

1243

MODULE: Propulsion )

SYSTEM: Propellant Feed 5 &l 2

= Z W

W 2 o =

o © o - =

CRITICAL 4 3 g é SECONDARY POSSIBLE EMERGENCY é ws

FAILURE FAILURE EFFECT ; 3 : 8 EFFECT CORRECTIVE DETECTION w 8 8

ITEM TYPE/MODE ON NUCLEAR STAGE o wo o FACTORS ACTION REQUIREMENTS o2

25.05.05 Leakage Possible Loss All 11 78 Radiation Improved design LH; level See

25.05,06 Loss of LHp may cause loss c Contamina- | More stringent propellant cleanliness Contin-

25.05.07 of ability to complete tion in requirement gtincy
tUT mission. propellant Plan
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MISSION: Lunar Shuttle

CLASS:  J Hybrid and 3 CONTINGENCY PLANNING WORK SHEET

MODULE: Propulsion

v
SYSTEM: Propellant Feed > é ;
., E < Z
[ =t o &
] = = o
«Q @ =
CRITICAL & 3 b g SECONDARY POSSIBLE EMERGENCY é w s
FAILURE FAILURE EFFECT g 3 E 8 EFFECT CORRECTIVE DETECTION w 8 8
ITEM TYPE/MODE ON NUCLEAR STAGE a wo a FACTORS ACTION REQUIREMENTS OZ2cx
25.05.,08 Leakage Possible Loss AL} II-| 612 Radiation Improved Design LH; supply See
Quad Valve, Depletion of LH) could cause ¢ Contamina- | More stringent propellant cleanliness Contin-
Chilldown, inability to complete mission tion in requirements gency
LH2 and/or cooldown. propellant Flan
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MISSION: Lunar Shuttle
CLASS: 1" Hybrid and 3

CONTINGENCY PLANNING WORK SHEET

phases,

Loss of LH) could create
inability to complete
mission or cooldown.

< aHunXWOo™WOoZEZEMERST SO

MODULE: Propulsion , P
SYSTEM: Pressurization > é £
- = 2 W
z 3 o =
Ho @ 2 @
CRITICAL w 59 £ seconpARy POSSIBLE EMERGENCY Tws
FAILURE FAILURE EFFECT é Z E 8 EFFECT CORRECTIVE DETECTION ws 8
ITEM TYPE/MODE ON NUCLEAR STAGE a wo o FACTORS ACTION REQUIREMENTS O=2
25.06,01 Leakage Possible Loss II- 216 Vibration Improved design Ullage pressure See
Ducting, Possible loss of ullage or ¢ LH liquid level Contin-
Pressuriza- LH; could cause NERVA gency
tion, GHp pump to cavitate in power Plan
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MISSION: Lunar Shuttle
CLASS: I Hybrid and 3

CONTINGENCY PLANNING WORK SHEET

tion Valves,
GHp

tate.

Loss of GHy and LH) could
cause inability to complete
mission or cooldown.

£ <CHOIODTWOZEZEERSH™TZa:m

BMODULE: Propulsion . &

SYSTEM: Pressurization . 2 £

[ 2

> 3 & =

wk = =

=@ @ o

CRITICAL o = &ﬂ § SECONDARY POSSIBLE EMERGENCY [+ g 2

FAILURE FAILURE EFFECT § I : g EFFECT CORRECTIVE DETECTION ¥ 8

ITEM TYPE/MODE ON NUCLEAR STAGE WO I FACTORS ACTION REQUIREMENTS O=2a

25,06,02 Leakage Possible Loss II- 613 Radiation Improved design Ullage pressure sensor See

25,06.,03 Low ullage pressure could ¢ Leak detection system LH, level sensor Con;:m-

Pressuriza- cause NERVA pump to cavi- lgf:ny
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MISSION: Luna

r Shuttle

CLASS: 1 Hybrid and 3

CONTINGENCY PLANNING WORK SHEET

ullage pressure in propulsion
module may result in NERVA
pump cavitation,

Loss of LH, may result in
inability to complete mission
and/or cooldown.

MODULE: Propulsion 0
SYSTEM: Pressurization . &' £
> 3 § =
w&E = = W
3 2 g,Z
CRITICAL 4 Sw o SECONDARY POSSIBLE EMERGENCY o “ol =1
FAILURE FAILURE EFFECT ; I :: 8 EFFECT CORRECTIVE DETECTION ws 8
ITEM TYPE/MODE ON NUCLEAR STAGE [T} o FACTORS ACTION REQUIREMENTS ozax
25.06,05 Leakage Possible Loss ¥ )II- 5 Vibration Improved design Ullage pressure See
Disconnect, Ability to control ullage u|C© Bending Contin-
Pressuriza- pressure in propellant and I moment gency
tion, GH2 propulsion module may be Plan
lost. L
Loss of ullage pressure in O
propellant module may result Q
in inability to transfer LH)
to propulsion module, S
Loss of ability to control U
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MISSION: Lunar Shuttle
CLASS: I Hybrid and 3

CONTINGENCY PLANNING WORK SHEET

MODULE: Propulsion .
SYSTEM: LH2 Fill 5 Z’f E
U Zz W
wE o o £
s g E g
CRITICAL b 3 8 @ SECONDARY POSSIBLE EMERGENCY é s
FAILURE FAILURE EFFECT ;:( 3 ':t 8 EFFECT CORRECTIVE DETECTION W 8 8
ITEM TYPE/MODE ON NUCLEAR STAGE Eowo o FACTORS ACTION REQUIREMENTS O
25.09.01 Leakage Possible Loss F JIV- 5 Incorrect Improved design LH; liquid level See
Disconnect, Ability to transfer LHZ may H B docking Contin-
LH2 be lost. gency
7 Plan
L
O
Q
5
v
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MISSION: Lunar Shuttle

CLASS: 1 Hybrid and 3 CONTINGENCY PLANNING WORK SHEET

MODULE: Propulsion fﬁ'
SYSTEM: Ground Fill > 2‘ 5
- E 2 W
x o o £
&0 ® P
CRITICAL 9 3 8 é SECONDARY POSSIBLE EMERGENCY é w s
FAILURE FAILURE EFFECT 2z Q EFFECT CORRECTIVE DETECTION u 8 a
ITEM TYPE/MODE ON NUCLEAR STAGE I &8 o FACTORS ACTION REQUIREMENTS O=c
25,09.02 Leakage Possible Loss Ii- 189 Vibration Improved design Ullage pressure LH) liquid See
Ducting, Possible loss of ullage or ¢ level Contin-
Ground Fill, LH could cause NERVA gency
LH; pump to cavitate in power Plan

phases. Loss of LH2 could
cause inability to complete
mission or cooldown.

< adaH X PDT"YOZZERS™onon
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MISSION: Lunar Shuttle
CLASS: I Hybrid and 3

CONTINGENCY PLANNING WORK SHEET

phases. Loss of LH; could
cause inability to complete
mission or cooldown,

< cH ™ PO YO ZEHRS "D

MODULE: Propulsion ;
SYSTEM: Flight Vent . é ;
[ 4 ]
& o & =
wk = = ou
s a 5 =
CRITICAL ¥ 38 & SECONDARY POSSIBLE EMERGENCY -
FAILURE FAILURE EFFECT ; b z 8 EFFECT CORRECTIVE DETECTION o 8
ITEM TYPE/MODE ON NUCLEAR STAGE [T o FACTORS ACTION REQUIREMENTS Oz
25.11.01 Leakage Possible Loss II- 216 Vibration Improved design Ullage pressure LH) liquid See
Ducting, Possible loss of ullage or ¢ level Contin-
Flight Vent, LH; could cause NERVA g?“CY
GH? pump to cavitate in power Plan
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MISSION: Lunar Shuttle

CLASS: 1 Hybrid and 3 CONTINGENCY PLANNING WORK SHEET

MODULE: Propulsion &
SYSTEM: TFlight Vent > é 2
E z g
& 2 S =
Yo & ko«
CRITICAL b7 3 8 g SECONDARY POSSIBLE EMERGENCY [+ g =]
FAILURE FAILURE EFFECT <I’~ I ’&' 8 EFFECT CORRECTIVE DETECTION was 8
ITEM TYPE/MODE ON NUCLEAR STAGE a wo a FACTORS ACTION REQUIREMENTS O=cx
25.11,02 Leakage Possible Loss II- 613 Radiation Improved design Ullage pressure LH; liquid See
Quad Valves, Insufficient ullage pressure c Provide leak detection system level Contin-
Flight Vent, could cause NERVA pump to gency
GHp cavitate during power Plan

phases. Loss of ullage
pressure or LHy could cause
inability to complete mission
and/or cooldown.

< daRH WP Yo ZEOR Y ImOmR
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system

BMISSION:  Lunar Shuttle )
CLASS: 1 Hybrid and 3 CONTINGENCY PLANNING WORK SHEET
BODYLE: Command and Control "
SYSTEM: APS > é E
= Zz
E o S =
w & = =
@ @ =
. \ & o <, =
CRITICAL b 3 w P SECONDARY POSSIBLE EMERGENCY o g 5
FAILURE FAILURE EFFECT ; 3 E no: EFFECT CORRECTIVE DETECTION wa 8
ITEM TYPE/MODE ON NUCLEAR STAGE WO o FACTORS ACTION REQUIREMENTS o2«
36.01.01.04 | Leakage Possible Loss ALl II- 1426 | Radiation Improved design LOX and LH) propellant See
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3.2 FAULT TREE ANALYSIS

A partial fault tree analysis was performed during the Phase IIl study as an
aid and supplement to the remainder of the reliability and safety work.
Definition of the complete fault tree at this time was beyond the available
manpower capability. It was felt, however, that the tree should be initiated
and continued through subsequent project phases, and it should be performed
in such a manner that it would provide visibility in certain critical areas.
Three general areas were studied: (1) the top level tree, which delineates
the general problem areas in the operation of the RNS; (2) the problem of
earth impact of radiocactive debris, which would be caused by malfunctions
in earth orbit and (3) the problem of loss of tank pressure, which results in
the inability to start the NERVA or causes turbopump cavitation during

operation.

3,2.1 Fault Tree Methodology

The fault trees which are presented in this section are represented by the

following symbols:

EVENT REPRESENTATIONS

The rectangle identifies an event that results from {

the combination of fault events through the input

logic gate.

The rectangle is also used to describe a conditional -

input to an INHIBIT GATE. It indicates a condition

that is presumed to exist for the life of the system.

The circle describes a basic fault event that requires
no further development. Frequency and mode of

failure of items so identified are derived from

empirical data.
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The diamond describes a fault event that is considered \
basic in a given fault tree. The possible causes of the

event are not developed either because the event is of

insufficient consequence or the necessary information

is unavailable.

The oval is used to record the conditional input to an
INHIBIT GATE. It defines the state of the system that
permits a fault sequence to occur, and may be either

normal to the system or result from failures.

The house indicates an event that is normally expected

to occur such as a phase change in a dynamic system.

The triangles are used as transfer symbols. A line |
from the apex of the triangle indicates a ''transfer in' /\ —/\\

and a line from the side denotes a '"'transfer out.''

The double diamond is used in the simplification of

a fault tree for numerical evaluation. The event

described results from the causes that have been

identified but are not shown on a particular version -

of the fault tree.

LOGIC OPERATIONS
AND GATE describes the logical operation whereby the

coexistence of all input events is required to produce

the output event.

et i,
e,

PRIORITY AND GATE performs the same logic "/1;/ N

iorit
function as the AND GATE with the additional f\y
stipulation that sequence as well as coexistence

is required.

OR GATE defines the situation whereby the output
event will exist if one or more of the input events

exists.
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Output
EXCLUSIVE OR GATE functions as an OR GATE

with the restriction that specified inputs cannot Restrictio

co~exist.
Inputs

INHIBIT GATES describe a casual relationship between one fault and another.
The input event directly produces the output event if the indicated condition is
satisfied. The conditional input defines a state of the system that permits

the fault sequence to occur, and may be either normal to the system or result
from failures. It is represented by an oval if it describes a specific failure
mode and a rectangle if it describes a condition that may exist for the life of

the system.

Output Output

/Tahibit N\ Inhibit |
@W Condition
- e e e _._‘__J ‘,;

Input Input

N

The system used in this analysis is the system represented by the figures

contained in Section 2. 3.

3.2.2 Discussion of Results

The fault tree is incomplete; therefore, a complete evaluation of the design
is not possible. The full value of a fault tree becomes apparent when it is
performed silmultaneously with the design effort, but then it is in a continuous
process of change. Hence, a report at a specific time only shows the state
of the tree at that point in the design evolution. For example, the fault tree
effort during this phase devoted some time to an examination of the pre-
pressurization system which was later eliminated. The tree as it exists now
is represented by the sheets in Section 3. 2. 3 and is devoted to the develop-
ment of the top level tree, the examination of the failures in earth orbit
which could cause reentry of radioactive particles, and the investigation of
the failures which cause loss of LH, to NERVA or loss of ullage pressure in
the propulsion module. The development of the top level event is represented

by the top level tree and subtrees 1, 2, 3, 4, K, L, M, N, P, Q, F, and B.

350



This group of trees delineates general type of failures that will lead to either

public exposure to nuclear hazards or injury or death to space personnel.

The failures in earth orbit which could cause earth impact are delineated in
subtrees ¥, F-1, ¥-3, M-1, B-1J, B-1wW, B-1X, B-1T, B-1U, B-1Y,
B-1AA, B-1AE, and B-1AD.

The subtrees that investigate the loss of LHZ to the NERVA include B-1,
B-1B, B-1F, B-1Q, B-IR, and B-1H.

A reentry of the RNS or portions of the RNS can be caused by a situation in
earth orbit where the RNS has failed and is in a reentry condition.
Additionally, a case could exist where the abandoned RNS is not assisted by
other space vehicles or cannot be helped because the RNS is not intact., The
problem could also be caused by guidance failures in the translunar injection
phase, the transearth injection phase, or the earth orbit injection phase.
Also, as shown in the abort analysis (Section 3. 3), the problem could result
from cooldown failure in the translunar coast phase, Subtrees F and M-1
delineate the failures that can cause the first type of failure, i,e,, failure in
earth orbit, As shown in subtree F, there are a number of items on the RNS
which can explode or cause explosions, These include high-pressure bottles
on the command and control module and the propulsion module, The prob-
ability of occurrence of these failures can be reduced by redundant relief sys-
tems, The payload (subtree PL) must also be investigated for this type of
failure., One lesson that can be learned from this analysis is to avoid explo=
sions in earth orbit, It will be extremely difficult, if not impossible, to
prevent the reentry and earth impact of radioactive debris, and this debris

will impact in a time span of less than 1. 5 years,

Another failure that can cause reentry of the RNS is the loss of altitude
control. As shown on subtree M-1, this can be caused by loss of the
command and control module and the propulsion module auxiliary propulsion
systems during most of the earth orbit operations, but the loss of the
propulsion module APS alone during the changing of the command and control

module will cause this to happen. Loss of attitude control could make it
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difficult to perform a docking or grabbing maneuver by other space vehicles

to prevent reentry. Subtrees M-1 and below investigate this problem.

A third failure by which the RNS could experience difficulty in earth orbit

is the unavailability of LLH, to the NERVA turbopumps at the correct pressure
during the initial startup for the TLI maneuver. This situation could cause
pump cavitation, which is a potentially explosive failure. This situation also
exists for other mission phases, but the earth impact implications are not
present for those phases. Subtree B-1 investigates the failures which could

cause this problem.

The fault tree analysis should continue in future phases of the RNS project to
expand the areas discussed above and to investigate other areas as they

become important.

The top-level fault tree and related subtrees which were identified above are

contained in the following pages of this section.
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3.3 ABORT ANALYSIS

3.3.1 Introduction

The abort analysis was performed to provide the data necessary to conceive
and delineate a contingency plan — a plan of action which is initiated by a
failure of the RNS at some point in the mission. The abort analysis answers
the questions: (1) what kind of orbit (earth, lunar) will result if the RNS
experiences a complete loss of thrust capability, (2) what is the magnitude
of the thrust capability available to the RNS from the NERVA emergency
mode and from other sources (APS, cooldown) and how should it be used,
(3) what is the orbit which results after the application of this additional
thrust, and (4) what capability must be available to rescue the personnel
aboard the RNS and return them to a safe haven? A corollary question is:
can a loss of thrust capability cause the RNS to impact the surface of the
earth? Itis obvious that a guidance malfunction could cause earth impact
during the translunar injection burn (Phase F) and the earth orbit injection

burn (Phase U), but the study also revealed that a loss of thrust capability

during the translunar coast (Phase G) could also cause earth impact. An
identification of the mission phases used in the abort analysis is shown in

Table 3-3.

This report presents the results of an analysis to determine the RNS tra-
jectories resulting from early thrust termination. The RNS maneuvers
differ from conventional chemical rocket maneuvers in that tail-off and
cooldown impulse provide a significant percentage of the required injection
energy relatively late in the trajectory. The nominal mission was arbi-
trarily scheduled for earth departure on January 1, 1980. The launch time
and orbit ascending node location were chosen to minimize the TLI velocity
requirement and also provide a hyperbolic lunar orbit with an inclination

of 90 degrees, a perilune altitude of 60 nmi, and a trip time of 108 hours.
There is no guarantee that the trajectories resulting from this analysis will
be repeated for other launch dates or target conditions; however, the gross
behavior of the trajectories (apogee and perigee altitudes versus time) should

be representative.
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Table 3-3

OPERATIONAL PHASES CONSIDERED FOR ABORT ANALYSIS

Mission Phase

Description

F
G

H® WO Yo R ZHE RS~

< G

Translunar injection

Pulsed aftercooling
Midcourse correction
Translunar coast

Insertion into elliptical orbit
Pulsed aftercooling

Apolune plane change

Pulsed aftercooling
Circularize at target altitude
Pulsed aftercooling

TLunar orbit operations
Insertion into elliptical lunar orbit
Pulsed aftercooling

Apolune plane change

Pulsed aftercooling
Transearth injection

Pulsed aftercooling
Midcourse correctior.
Transearth coast

Earth orbit capture
Pulsed aftercooling

Earth orbit resupply and checkout operations

® Denotes NERVA Thrusting Operation
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Data used in this analysis were generated with the MDAC F866 (FLIP) com-~
puter program. Due to the significant effects of lunar perturbations, the
two-body instantaneous orbit parameters provided as a part of the nominal
trajectory printout do not accurately represent abort trajectories that result
from thrust termination during tail-off or cooldown. For these conditions,
abort trajectories were generated using four-body simulation to obtain

accurate results.

3.3.2 Translunar Injection — Phase F

The translunar injection (TLI) burn, as used for this analysis, starts with the
initiation of thrust buildup and has a duration of 1759 seconds (end of full
thrust). Figure 3-1 shows the apogee altitude of the earth orbit that would
result from a premature engine shutdown. Figure 3-2 shows the perigee
altitude for this orbit as a function of time of thrust termination. Perigee
altitude has been raised from 260 to 574 nmi during the TLI burn (it is raised
to the lunar radius during subsequent thrust tail-off and cooldown operations).
Two general types of abort maneuvers are available to return the RNS to an

acceptable earth orbit: (1) an immediate retrofire utilizing the NERVA
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emergency mode thrust to establish an elliptical orbit with a perigee at

260 nmi and the idle mode to circularize at perigee, and (2) a shutdown and
coast to apogee with an idle mode operation at apogee to lower the perigee

to 260 nmi, followed by an emergency mode burn at perigee. The apogee of
the ell'iptical orbit resulting from the first option is shown in Figure 3-3.

The magnitude of the apogee burn for the second option is shown in Figure 3-4
and the magnitude of the perigee burn is shown in Figure 3-5. The data shown

in Figure 3-5 also represent the approximate amount of total velocity required

for the first option.

The capability of the NERVA emergency mode during the translunar injection
mode is shown in Figure 3-5. The capability during the remainder of the
misgsion, in terms of the velocity increment available at the start and end of

a specific mission phase, is shown in Figure 3-6.
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As shown in Figure 3-5 the velocity increment required could be as high as
9,200 ft/sec. Therefore, if a failure occurs in the last 200 seconds of burn
it would not be possible to circularize. The resultant orbit for both options
will be an ellipse with a perigee of 260 nmi and some external propulsion

capability will be required for rescue.

An alternate abort mode during this latter part of Phase F would be to use
the emergency mode to continue the burn and then abort to the moon. A total
of approximately 6, 750 ft/sec would be required to accomplish this option.
This requirement is within the capability of-the emergency/idle mode

operation.

3.3.3 Translunar Coast — Phase G

During tail-off and the first few hours of cooldown, the apogee altitude is
raised to distances where, if a premature shutdown (loss of cooldown thrust)
occurs, the resultant abort ellipse experiences extensive lunar perturbations
(see Figure 3-7). These perturbations are best illustrated by the perigee
altitude versus thrust termination time graph presented in Figure 3-8. The
effect of the lunar perturbations is to initially lower the perigee altitude,
with an earth impact resulting if shutdown occurs from 1 to 3 hours into the
mission. For later shutdown times, the perigee altitude increases rapidly
as discussed below. The velocity requirement to raise the perigee altitude
to 260 nmi has been determined for two modes. For the first mode, the RNS
is allowed to achieve apogee and the impulsive maneuver is then performed.
The cost in impulsive velocity is shown (the solid curve in Figure 3-9) as

a function of time of thrust termination. A time period of approximately

70 hours will elapse during the coast to apogee in this case. A maneuver
that provides some performance gain is to immediately correct the velocity
after the early shutdown is observed. This correction consists of either (1)
subtracting velocity (retrofire) so that the apogee altitude of the last acceptable
perigee altitude is reached, or (2) adding velocity to increase apogee altitude
to that which would be achieved if shutdown did not occur until later than

3 hours into the mission. The cost for this maneuver is spproximated by
the dashed line in Figure 3-9. These performance requirements represent
a minimum, since the maneuvers are initiated immediately after the mal-

function. At this point in the mission the capability of the APS system is
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approximately 40 ft/sec. Therefore, even for this latter mode, there exists
a time between 1 to 3 hours where the APS propellant is not sufficient to
raise the perigee to 260 nmi. Assuming that the APS or some other means
of propulsion is used to raise the perigee to 260 nmi, the velocity required to

circularize at perigee is plotted as a function of time of abort in Figure 3-10.

During the later phase of cooldown (3 through 102 hours) both apogee and
perigee altitudes initially increase and then become relatively stable (see
Figures 3-11 and 3-12). The perigees of these orbits reach the lunar

distance of 220, 000 nmi and the apogees range from 2, 000, 000 to 8, 000, 000
nmi. It should be pointed out that this post-swingby perigee occurs after a
flyby of the moon. An apogee maneuver is impractical for these abort orbits
as it would take over a month before it could be executed. Assuming a perigee
burn, the impulsive velocity to establish a 260 nmi by the abort perigee

altitude orbit has been plotted in Figure 3-13,
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If an abort to lunar orbit were an acceptable mode of operation, a more
practical final orbit might be achieved, Figure 3-14 the lunar closest

approach distances are presented as a function of time of abort, These data

also indicate that for the mission selected there is no premature engine
shutdown that will cause a lunar impact. Assuming that an out-of-plane
(relative to the space station) circular orbit is acceptable, the impulsive
velocity required is shown in Figure 3-15 for a perilune burn. A three-burn
maneuver would cost a total of 5, 200 ft/sec and would result in a rendezvous
with the space station. At this point in the mission, the velocity increment
available from the NERVA emergency mode is approximatey 7, 650 ft/sec,
more than is required for either the perigee burn to achieve a high earth

orbit or either lunar orbit injection option.

The critical point in this phase is the period between 1 and 3 hours where a

failure to continue cooldown will result in an earth impact. This could only
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be caused by a Class IV-A, IV-C, or IV-D type of failure (see Section 3. 1.1
for definition of failure classes). A Class IV-A or IV-D would also rule out
any possibility of preventing earth impact caused by inability to control the
flight path. A Class IV-C failure would demand another source of propulsive
capability — the auxiliary porpulsion system. In the present design the APS
capability is inadequate, i.e., upto 115 ft/sec is required, while only 40

ft/sec. is available.

3.3.4 Lunar Orbit Injection — Phases H, I, J, K, L, M
The first burn of the lunar injection occurs at perilune of the incoming hyper-
bolic orbit. Assuming an RNS weight of 316, 000 1b, a NERVA specific

impulse of 825 seconds and a thrust level of 75, 000 lb, the initial injection

burn is 109 seconds long and provides an impulsive velocity of 847 ft/sec

at a cost of 10, 000 1b of propellant. In Figure 3-16, the apogee and apolune
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radii are shown as a function of burn time. For the first 60 seconds of the
burn an early shutdown will result in the RNS leaving the lunar sphere of
influence and orbiting the earth with a perigee at the lunar distance and
apogee as shown. For aborts occurring after 80 seconds of burn time, the
RNS will be captured by the moon in an orbit with a perilune altitude of

60 nmi and an apolune as illustrated in the figure. If an abort occurs between
60 and 80 seconds, the vehicle motion is not accurately defined by patched
conic techniques and should be solved as a three-body problem. This was
deemed beyond the scope of the present study and postponed until a later

phase of the RNS development.
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The problem of how to best use the RNS after an abort has been considered.
If one adopts the philosophy of establishing an earth orbit the velocity require-~
ments would be similar to the data of Figure 3-17. For the first 60 seconds,
it has been assumed that the injection would occur near perilune, after a
lunar flyby, but out of the moon's sphere of influence. If an abort were to
occur after 80 seconds in the burn, the RNS would coast in the orbit until the
position is reached where the desired earth orbit is obtained with minimum
velocity expenditure. On the other hand, if the RNS attempts to establish an
out-of-plane 60 nmi circular lunar orbit by a single prograde burn, the
velocity requirement is shown in Figure 3-18. A three burn maneuver,
including a continuation of the Phase H burn, would cost up to 5, 200 ft/sec.
The NERVA emergency mode capability is 7, 050 ft/sec at this point which
provides a confortable margin for the required velocity increment for either

lunar option.

In the plane change maneuver (Phase J), the orbit plane is rotated about the
pole to shift the ascending node. Assuming a weight of 306, 000 1b and the
same propulsion parameters previously discussed, a 30-degree node shift
costs approximately 963 ft/sec or 11,300 lb of propellant. The burn time
associated with the maneuver is 124 seconds. For the nominal mission the
RNS lunar orbit plane is normal to the earth-moon line after 24 hours of
orbit. If the ascending node location (~270 degrees at this time) is increased
by the plane-change maneuver, an abort during the burn could be handled by
waiting until the lunar rotation (13 degrees/day) provides another coplanar
opportunity with the plane normal to the earth-moon line. The velocity
requirement to establish an earth orbit 260 by 222, 000 nmi is then about
2,100 ft/sec (6, 760 ft/sec is available from the NERVA emergency mode).
Conversely, if the plane change decreases the ascending node location, the
orbit waiting requirement for a coplanar condition is extensive and a non-
coplanar abort to earth is performed. A more practical abort mode would

be to circularize a periline which would cost 1, 780 ft/sec.

However, the final lunar orbit would then be in a different plane than the
lunar space station. A prior operation to complete the plane change would

be required to place the final orbit in the proper plane. Figure 3-19 gives
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the amount of required plane change remaining as a function of failure time
and Figure 3-20 gives the required velocity requirement. This type of
operation requires two thrust maneuvers—only one is allowed for the NERVA
emergency mode and the APS capability at this point in the mission

(31. 4 ft/sec) is inadequate. An emergency idle mode could be utilized if it

is available, or external rescue systems could be utilized.

The final lunar injection maneuver (Phase L) occurs at perilune of the rotated
24-hour lunar orbit. For the previously defined propulsion paramerters and
a weight of 295, 000 1b, the AV requirement of 1, 860 ft/sec translates to a

burn time of 211 seconds and a propellant expenditure of 19, 200 lb.

In Figure 3-21 apolune altitude is plotted versus time of abort. In Figure
3-22 the velocity required to complete the circularization maneuver is
presented. If the lunar orbit is not acceptable, an earth orbit with a 260-nmi
perigee can be established. However, as in the abort during node shift the
geometry has shifted and could be as much as 10 degrees out of plane at the
first opportunity for establishing the desired earth orbit. The velocity

requirement should vary nonlinearly from approximately 2, 100 ft/sec for
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abort at the start of the maneuver to 2, 670 ft/sec near the end of the burn.
The capability of the NERVA emergency mode is greater than 5, 600 ft/sec

during this maneuver.

3.3.5 Transearth Orbit Injection (Phases O, P, Q, R, S, T)

The transearth orbit injection is similar to the lunar injection in that it also

consists of three burns: an injection into a 24-hour elliptical orbit; a node
shift maneuver in the 24-hour orbit; and the injection onto the transearth
hyperbola at perilune of the 24-hour orbit. For this analysis it has been
assumed that the injection onto the hyperbolic orbit is initiated at approxi-
mately 12 o'clock on January 30, 1980. The perilune latitude and longitude
of the 90-degree inclination, 24-hour ellipse and the full thrust burn time
were selected to achieve a 72-hour transit time and 260-nmi earth arrival

perigee altitude at an inclination of 31.5 degrees.

RNS weight at the start of the injection into the 24-hour departure ellipse was
174,000 lb. The injection velocity requirement at 1, 860 ft/sec costs
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approximately 12, 000 1b of propellant, assuming a specific impulse of 825
seconds with a thrust level at 75, 000 1b and burn time of 129 seconds. In
Figure 3-23 the apolune altitude that would be attained in case of a premature
shutdown has been plotted as a function of time at thrust termination. The
velocity requirement to establish a circular orbit at the 60-nmi perilune by a
retrograde maneuver is shown in Figure 3-24. If escape from the lunar
sphere of influence and establishment of an earth orbit is required, the
situation becomes complex, Since the reason for establishing the 24-hour
ellipse is to achieve the correct departure geometry by rotating the RNS
orbit plane into the escape hyperbola, the alignment between the abort
ellipse and desired escape hyperbola will be significant. If the node shift

to be performed is negative, the RNS can wait in orbit until the regression
rate (13 deg/day) provides a coplanar situation that will result in an oppor-
tunity to reach earth on a 72-hour transfer. The velocity required for this
situation is shown in Figure 3-25. On the other hand, if the desired node
shift is positive, the regression rate moves the RNS orbit plane in the
opposite direction tending to increase velocity requirements. Unless a
relatively long waiting period is acceptable, the velocity requirements will
be significantly larger than those shown in Figure 3-25. The resulting earth
orbit will have a perigee of 260 nmi and an apogee greater than the lunar

distance.

It would appear that the logical abort action for a failure during the insertion
into an elliptical lunar orbit (Phase O) would be to perform an immediate
retrograde maneuver. The emergency mode capability during this phase is

between 7, 900 and 8, 900 ft/sec, again more than enough for this maneuver.

The second burn (Phase Q) takes place over the lunar pole and, assuming a
node shift of 30 degrees, costs some 6, 000 lb of propellant to provide the
required 963 ft/sec. Assuming a thrust level of 75, 000 1lb, this maneuver
will take 63 seconds to perform. The velocity requirement to complete the
maneuver is shown versus time of shutdown in Figure 3-26. A safe 60-nmi
lunar orbit could be achieved by performing a retrograde injection at perilune
at a cost of 1, 860 ft/sec. For achieving an earth orbit, the initial node

location discussion of the previous paragraph applies with a favorable location
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costing approximately 1, 300 ft/sec and an unfavorable location being more
costly. It would appear the most attractive action would bc a return to a
lunar safe haven. The cost is 1, 860 ft/sec, as compared to the NERVA
emergency mode capability of between 7,500 and 7, 900 ft/sec. A preliminary
burn to cancel out the node shift could be attained with the NERVA idle mode.

The third burn (Phase S) places the RNS on the transearth hyperbola. The
thrust profile consists of a 56-second buildup, a 32. 5-second full thrust
phase, and a 34-second period with a constant 45, 000-1b thrust followed by
tail-off, with cooldown terminating at 12. 26 hours. The transearth injection
burn and the resulting trajectories are analogous to the situations encountered
in premature shutdown aborts for the translunar injection burn. The abort
trajectories from the transearth injection burn can be grouped in two cate-
gories: (1) those that orbit the moon with shutdown occurring between 0 and
62 seconds into the burn and (2) those which escape the moon when engine
shutdown occurs later than 62 seconds. They are discussed in the following

paragraphs.

3.3.5.1 Aborts Resulting in Lunar Orbits

Apolune and perilune altitudes have been plotted as a function of time of!
thrust termination and are presented in Figures 3-27 and 3-28. The slow
change in apolune altitude reflects the thrust buildup phase. At approxi-
mately 62 seconds into the TEI maneuver the abort trajectory, which is
initially an elliptical lunar orbit is perturbed by the earth so that the RNS
will escape the lunar gravitation field and be captured by the earth. The
perilune altitude history (Figure 3-28) illustrates the effect of earth pertur-
bations on the lunar orbit. At apolune of the abort ellipse the earth's
perturbations distort the elliptical trajectory by reducing the perigee radius
and increasing the orbit eccentricity. Figure 3-29 illustrates the predicted
cost of re-establishing the 60-nmi perilune altitude by (1) an apolune
maneuver or (2) by an immediate velocity addition or subtraction to maximize
or minimize the earth's influence. The immediate maneuver is the more
effective approach, with an impulsive velocity requirement approximately
one-half that of the apolune maneuver. The ""safe orbit' would be a 60-nmi

circular lunar orbit for shutdown occurring before 56 seconds. In Figure 3-30,
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the velocity requirement to circularize the lunar orbit at perilune (assuming
perilune has been raised to 60 nmi) is shown. Aborts occurring after 56
seconds, with either of the perilune corrections shown in Figure 3-24, results

in an earth orbit and will be included in the following discussion.

As shown in Figure 3-29, the APS velocity capability at this time is only
22 ft/sec, which is not nearly enough to accomplish the required maneuver

over the full range of the critical time span.

3.3.5.2 Aborts Resulting in Earth Orbits

Apogee and perigee altitudes resulting from engine shutdowns occurring
later than 62 seconds into the burn and during the transearth coast (Phase T)
are presented in Figures 3-31 and 3-32. Thrust, in this case refers to

both normal thrust conditions and thrust generated during cooldown. The
velocity requirement to lower perigee altitude to the desired value of 260 nmi
is illustrated in Figure 3-33. Assuming that the 260-nmi perigee is attained,

the velocity required to circularize a perigee is presented in Figure 3-34.

3.3.6 Earth Orbit Injection — Phase U

The RNS weighs approximately 148, 000 1b at the initiation of this maneuver.
Assuming an impulsive velocity requirement of 10, 200 ft/sec, a thrust

level of 75, 000 1b and a specific impulse of 825 seconds, the time to perform
the maneuver is 525 seconds. The apogee altitude of the abort ellipse with a
260-nmi perigee altitude is shown for premature shutdown in Figure 3-35.

If the orbit is circularized at a subsequent perigee, the velocity requirement
will be that shown in Figure 3-36. However, as shown in Figure 3-36, the
available velocity increment from the NERVA emergency mode is considerably
less than the velocity requirement. This is obvious when it is considered
that the velocity requirement is predicated on a specific impulse of 825
seconds and the NERVA emergency mode specific impulse is 500 seconds.
The external rescue propulsion requirements would be essentially twice the
difference between the velocity requirement and the NERVA emergency mode
capability (Figure 3-36). The velocity requirements are also based upon an
assumption that no plane change maneuvers are required. However, there
will be relative nodal regression rates which will have to be accounted for in

the actual situation.
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3.3.7 External Rescue Capability

Postulating an RNS thrust loss at any given point in the lunar shuttle mission
identifies a range of conditions over which rescue may be required. Rescue
velocity requirements, based on departure from and return to earth or lunar

circular orbit, are indicated in Table 3-4.

The rescue orbits are specified in terms of perigee/apogee altitudes, and
rescue velocities (total) presume equal-out-equal-back requirements. In
accordance with the NASA study guidelines, the tug has the following
characteristics, as specified in the NASA guidelines and constraints

documents.

Propulsion Module

Inert (1b) 10, 000
Propellant Capacity (Ib) 60, 000
Specific Impulse (sec) 460
Instrument Module 2,000

The total velocity capability of the tug (ideal, excluding gravity losses)
based on no payload out, is 18,100 ft/sec and 19, 600 ft/sec for return pay-
loads of 20, 000 and 15, 000 1lb, respecitively. This capability is seen to be
more than adequate for rescue out of lunar orbit during the LOI and TEIL
maneuvers, and sufficient for rescue out of earth orbit for most of the TLI

and EOI maneuvers.

Two options are seen during the latter portion of the TLI maneuver: (1)
return to an elliptical earth orbit and (2) capture in an elliptical lunar orbit.
Then a second tug would complete the operation of returning the RNS to low
circular orbits. The latter of the two options is significantly less costly.

A third approach could be to return the mission crew to earth following

rendezvous of the lunar rescue vehicle.
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Table 3-4

RESCUE VELOCITY REQUIREMENTS

Rescue Orbit (nmi)

Total Retrieval AV (ft/sec)

Mission Phase Earth Lunar Earth Orbit Lunar Orbit
TLI (0 to~3 hours) (a) 260/x - 0 to 22, 600 -
(260<X<200K)
(3 to 108 hours) (b) Perigee to 220K 60/X >22, 600 3, 800 to
Apogee to 107 (220K<X<107) 5,400 +PC*
LOI 220K /X 60/ X 22, 600 0 to
(ZZOK<X<1O6) (6O<X<107) 5,400 +PC
TEI 220K /220K 60/X <20, 400 0 to
to 260/300K (6O<X<1O7) 6,100 +PC
EOI 260/x -- 0 to 20, 400 --
260<X<300K

*PC—Plane Change




3.4 CONTINGENCY PLAN
A flight safety contingency plan was developed for the lunar shuttle mission,
The plan that is detailed in this section was developed for the Class 1

Hybrid RNS but is also applicable for the Class 3 RNS,

The contingency plan is a continuation of the flight safety analysis discussed
previously, The types of aborts were discussed in Section 3.3 and the
general abort modes delineated in this section were derived from that
analysis, The classes of failures were used in the contingency planning
work sheets, which were presented in Section 3,1, The contingency planning
work sheets detail the actual component failures that fall into these
classifications, while the contingency plan delineates the action that will be

taken when one of these failures occur.

It must be pointed out that this is not a final product. As more detail studies
are made on the trajectories, more specific ground rules are adopted, and
more detail and specific definitions of RNS emergency operational modes
are made, this contingency plan will change. However, this is felt to be a
viable plan under the current level of mission and system definition and

ground rules,

3.4.1 Ground Rules, Assumptions, and Definitions

The ground rules and assumptions used in this analysis are as follows:
A. The NERVA engine has several levels of operations:

1 Rated conditions
2 Throttle mode
3. Malfunction mode
4 Emergency mode
5 Idle mode
The rated condition, throttle mode, and malfunction mode are all
at rated specific impulse (825 seconds) but different levels of
thrust. The emergency mode and the idle mode are at a reduced
specific impulse (500 seconds) and a lower level of thrust. The
throttle mode and malfunction mode are not used explicitly in this
analysis—the throttle mode is a non-malfunction mode and the

malfunction mode is a result of a Class II-C failure. The

412



emergency mode is defined in the NERVA program requirements
Document (NPRD) as a mode with a thrust of 30, 000 1lb, a specific
impulse of 500 seconds, and a total impulse of 108 lb-sec. The
emergency mode requirements will be provided in a single engine
cycle and must be attainable from all operating modes of the engine
cycle. If the malfunction occurs during normal steady-state
operation, immediate retreat to an emergency mode will be made.
If the malfunction occurs during engine modes following the steady-
state power mode, provisions will be made for cooling up to 5 hours

before entering an emergency mode,

There are two identified NERVA idle modes, a mode where turbo-
pump operation is required and a mode where tank pressure is used
for the driving force. It is assumed in this analysis that this latter
mode is available as an additional emergency mode, This assump-
tion allows a much greater flexibility in the abort maneuvers at a
small cost (if any) in engine design, The only requirement is that
one flow path be available (either the normal path through the PSOV
valves or the cooldown path through the CSOV/CSCV valves) and
that there is sufficient control of the control drums to achieve
criticality.

Two safe havens are available, a 260~-nmi circular earth orbit and
a 60-nmi circular lunar orbit, It is assumed that the RNS in a
260-nmi circular earth orbit can rendezvous with a space station, a
space tug or a ground based launch vehicle. Any other orbit will
require external rescue., It is assumed that any lunar orbit except
the 60-nmi circular orbit containing the lunar orbit space station
will require external rescue.

The crew capsule will remain with the RNS to await rescue if
possible. The capsule does not have an earth reentry capability but
does have a 21-day life support capability., It is assumed that there
is no propulsion capability on the capsule, but a requirement for
this capability is indicated in one abort maneuver (Phase S).

The priority on an abort maneuver is first to protect the earth
population and second to protect the RNS crew. This becomes a

problem in Phase G.
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E. It is assumed that Class IV-A failures (loss of control of the flight
path) will be detected before a substantial change in the flight path
is experienced, This assumption must be verified at a later date
when the safety system and ground support requirements are

defined. The failure categokries were listed earlier in Table 3-2,

3.4,2 Abort Actions

The abort action for a Class I failure (failures which do not introduce
additional single failures—essentially the loss of equipment which cannot
effect mission success) is the same for all mission phases—continue mission

as planned,

The abort action for a Class II failure is a function of the subclass of failure
and the mission phase, The action for a Class IIA failure (failures which

do not require any action to complete the mission—essentially the failure of
one of an on-line redundant set of components) is the same for all mission
phases—continue mission as planned, The action for a Class IIB failure
{failures that require some action to allow completion of the mission—
essentially the failure of a component which is backed up by a standby redun-
dant component) is the same for all mission classes—initiate command to
perform action required to restore system to normal operations and then
continue mission as planned, If a Class IIA or IIB failure occurs on the
outbound portion of the trip (on the way to the moon) a question arises—
should the RNS be allowed to leave the moon on the return trip if it contains
a single failure item? If the answer to this question is '""NO', then the action
stated above should be further defined to include—abort the mission at the

lunar base and repair or discard the RNS,

The Class IIC failures (failures that allow normal operation but a penalty to
consumables) were further divided in two subclasses—Class II C-1 where the
penalty is a minor one characterized by a reduction to the malfunction mode
operation and Class II C-2 where the penalty is a major one characterized

by a major, but not catastrophic, leakage failure., The action for a Class II
C-.1 failure is to continue the mission as planned and add consumables at the
lunar base if the failure occurred on the outbound leg., The restriction on

leaving the lunar base with a single failure discussed above might apply to

this failure classification,
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The action for a Class Il C-2 failure would be to return to a safe haven as
soon as possible., In general the specific actions would be the same as
defined in Table 3-5 for the Class III failures except in the later portions

of the translunar injection phase and the early portions of the translunar
coast the action might be to return to earth and in the early portions of the
transearth coast phase the action rmight be to return to the moon. The detail
operations during the other phases might change to decrease the time
required to reach a safe haven or an orbit from which rescue can be easily

accomplished,

The action for Class III failures (failures that require reduction to operation

at the NERVA emergency mode) are outlined in Table 3-5,

The action for Class IV failures is a function of the subclass of failure and
specific cases, the mission phase. The action for a Class IV A failure

(loss of control of the flight path) is to shut down the NERVA in a rapid but
nondestructive manner and then to separate the crew capsule. This
recommendation and assumption number 5 (that this type of failure can be
detected before a substantial change in the flight path is experienced) should
prevent the RNS from impacting the earth on the translunar injection burn
and the earth orbit injection burn, the theory being to terminate thrust before
an impact trajectory is generated, The exception to this action is in the
earth impact portion of the translunar coast phase (see Section 3,3.3). If
the failure occurs during this phase, the recommendation is to continue the
cool-down thrusting in a manner (directed by the crew and/or ground control)
to increase or decrease the velocity to a value (see Figure 3-9) which will
remove the possibility of earth impact. The other exception is a similar
situation during the transearth injection phase (Phase S) where lunar impact

is possible. A similar plan of action, as described above, would apply.

The action for a Class IV B failure (complete loss of engine operation except
cooldown) would be to shutdown and cool NERVA or continue cooldown in a
normal manner and utilize the cooldown thrust in a manner which will
minimize the amount of external rescue requirements, An external rescue

will, in general, be required,
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Table 3-5

ABORT ACTIONS FOR CLASS III FAILURES

Action

Without Emergency

Phase With Emergency Mode Mode
Translunar Abort to earth., Immediate External rescue with
injection (¥F-1) retro with emergency mode, earth space tug

circularize at perigee with
0to 1,600 sec idle mode.
Translunar Abort to moon, use emergency External rescue with
injection (F-2) mode to continue TLI burn, use lunar space tug
~1, 600 to 1, 759 sec 1idle mode for three burns, at
moon
Translunar Abort to moon, use emergency External rescue with
coast (G) mode for first lunar burn, lunar space tug
idle mode for plane change,
(if required) and for
circularization,
Elliptical lunar Abort to moon, Continue with External rescue with
orbit injection (H) emergency mode, perform lunar space tug,
remaining two burns with idle '
mode.
Coast in lunar Abort to moon., Perform External rescue with
elliptical orbit (I) plane change burn with idle lunar space tug,
(before plane mode, circularization with
change) emergency mode,
Plane Change in Abort to moon, Continue External rescue with
lunar orbit (J) plane change with emergency lunar space tug.
mode, use idle mode for
circularization,
Coast in elliptical Abort to moon, Use emer- External rescue with
lunar orbit (K), gency mode to circularize lunar space tug.
(after plane change)
Circularization at Abort to moon., Continue External rescue with
60 nmi (L) burn with emergency mode, lunar space tug.
Injection in Abort to moon. Retro with External rescue with

elliptical lunar
orbit (O)

emergency mode back to
60-nmi circle,

lunar space tug,
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Table 3-5 (page 2 of 2)

ABORT ACTIONS FOR CLASS III FAILURES

Phase

Action

With Emergency Mode

Without Emergency
Mode

Coast in elliptical
lunar orbit (P)
(before plane change)

Plane change in
lunar orbit (Q)

Coast in elliptical
lunar orbit (R)
(after plane change)

Transearth

injection (S)

Transearth coast
(T)

Earth orbit
injection (U)

Abort to moon, Circularize
with emergency mode at
perilune,

Abort to moon., Null plane
change with immediate
emergency mode, circularize
at perilune with idle mode.

Abort to moon. Perform plane
change with idle mode, circu-
larization with emergency
mode,

Abort to moon. Retro to
elliptical lunar orbit with
emergency mode, perform
plane change and circulari-
zation with idle mode,

Abort to earth, Perform
partial circularization with
emergency mode, External
rescue with space tug.

Abort to earth, Continue
circularization with emer-
gency mode, External
rescue with space tug.

External rescue with
lunar space tug.

External rescue with
lunar space tug.

External rescue with
lunar space tug.

External rescue with
lunar space tug.

External rescue with
earth space tug
(two may be required)

External rescue with
earth space fug.
(Two may be required),
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The actions for Class IV C (complete loss of engine operation including

cooldown) and Class IV D failures (failure that results in prompt destruction
of the RNS) is to separate the crew capsule as rapidly as possible and await
rescue from an external source. The requirements for external rescue and

the capability of the space tug are discussed in Section 3. 4, 3,

The action for a Class V failure (failures that occur in earth or lunar orbit)

would be to repair or discard the RNS,

3.5 SAFETY RECOMMENDATIONS

One of the results of the flight safety analysis is a series of recommendations
for changes to the systems to improve the safety, i,e., decrease the
probability of creating safety problems., Many recommendations were made
to the design groups during the course of the report period—-some were
accepted and incorporated into the systems as shown in Figures 2-2, 2-3
and 2-4, resulting in a safer design than the one reported after the Phase II
study, The design (and the operations) are not as safe as they must be for
the RNS to be acceptable as a space vehicle—but that is due to the fact that
the safety analysis is not complete, All of the potential safety problems
have not been identified and all that have been identified have not been
solved. The following recommendations may provide solutions to some of

these problems,

In the hardware areas the following recommendations are made:

A, Eliminate, as far as possible, all items that can cause a
catastrophic explosion in earth orbit (or on the mission)., This is
one method by which radioactive debris can reenter and impact the
earth,

B. Provide redundant cryogen storage for critical systems—a loss of
the auxiliary propulsion system is in a Class IV A failure.

C. Redundant systems should be physically separated from each other
{Reference the Apollo 13 problem) so that a failure on one
redundant component does not affect the other APS engines,

D. Add sufficient APS capability (~70 ft/sec) to prevent earth impact

with a Class IV C failure during the translunar coast phase,
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E. Provide an emergency detection system that will be able to detect
a loss of flight path control before a substantial change in the
flight path has occurred (see assumption 5, Section 3. 4).

F. Eliminate the cooldown limitation on the NERVA emergency mode
operation, This 5-hour constraint reduces considerably the
effectiveness of the emergency mode since many of the abort
operations listed in Table 3-5 could not be accomplished if this
limitation is not relaxed. Maintaining the 5-hour cooldown limita-
tion would result in increased requirements for external rescue
capability.

G. Extend the emergency mode operation to a tank-head idle mode.
This will also greatly increase the flexibility of the abort
operations., This mocde would require a minimum of operable
equipment on the NERVA,

H. Establish a space tug at lunar orbit and earth orbit for external

rescue,
A recommendation is also made to analyze the lunar shuttle trajectory to

determine if the anomaly of earth impact during the translunar coast phase

can be eliminated by a trajectory modification.
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