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FOREWORD

This quarterly progress report, submitted in accordance
with the requlvements of Contract NAS8-25619, describes the
work accomplished on the subject contract during the period of
October through December 1970.
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SMMARY
(Mza jor Work Accomplished October-December 1970)

—» Checkout and Monitoring Requirements for the main, auxiliary and air-

breathing propulsion systems have been defined and presented in a unified,

phase~by-phase gequence (Section IV and Appendix D),

—» Requirements for 3028 Booster propulgion measurements and 1331 Orbiter

propulsion measurements have been established (Sectionm IV and Appendix E).

> A maximum propulsion data rate of 430,000 bits per second occurs at

main engine start, and the processing requires up to 75% of the computer's

time during this phase, During other phases the data bus load peaks at

130,000 bits per second with 11% computer loading (Section V).
— Digital Interface Unit allocation criteria was generated and resulted
in the definition of 20 DIUs to accomodate the 823 orbiter propulsion

measurements not assoclated with main engine or leak detection (Section V).

~p (CMS problem areas have been resolved primarily through use of procedures

and existing instrumentation or recommended propulsion system changes,

¥ew sensor technology is recommended in scme areas, such as leak detection,

bearing incipient failure detection, and valve position monitoring (Section V).

-» Tine Replaceable Units have been described, and procedures for removal,

replacement and retest of the LRUs have been defined (Section III).

~» Further definition of the approach to the QCMS objectives and the

rationale for selecting theose directions has been developed during this

reporting period, and the OCMS definition is being finalized.
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NOMENCIATURE

Definitions

BIT: A single binary digit, The smallest informational element of
a digital system,.

BUILT-IN-TEST EQUIPMENT (BITE): An Integral part of a functional unit
which serves to test and/or provide status on that functional

unit, but does not participate in performing the unit's principle
function

BYTE: A specified number of BITS.

CHECKOUT: The process of determining whether or not specified physical
quantities or operations meet their prescribed criteria, The
process can include such functions as data acquisition, processing,
storage, display, stimulus generation, etc,

CONTROL: The act or process of initiating, regulating and/or terminating
the operation and performance of a functional element in a prescribed
manner,

CONTROLLER: A device which governs the state or performance of a
particular functional element in a prescribed manner, e,g. engine
controller,

DATA BUS: The transmission line(s) along which the system computer(s)
communicate with the various Digital Interface Units, controllers,
peripheral equipment, and other computers,

DATA COMPRESSION: The process of screening and selecting data such that

only desired information is retained for further processing and/or
storage,

DESTGN REFERENCE MODEL.: The baseline configuration,

DIAGNOSIS: The determination of the state or condition of an element
or parameter through evaluation of available data,

DIGITAL INTERFACE UNIT: An intermediary unit between the computer(s)
and another device which formats that device's output for communi-
cation to a computer, and accepts and translates a computer's
transmissions to the device.

FAULT ISOLATION: The processing of analyzing a malfunction or abnormality

to the extent of determining which functional element is defective,
where the functional element is ordinarily a Line Replaceable Unit,



viii

NOMENCLATURE (GContinued)

FUNCTIONAL ELEMENT: A unit which performs a ¢haracteristic action, Parts,
components, assemblies, and subsystems are functional elements
of increasing complexity.

GAS PATH ANATYSIS: An assessment of engine performance that is made
through evaluation of a set of measured values of pressures, temp-
eratures and/oxr f£low rates.

GROUND SUPPQRT EQUIPMENT: (for checkout and monitoring) That equipment,
in addition to the onboard equipment, which is needed to accomplish
the functions of checkout and monitoring.

LINE REPLACEABLE UNIT: A component or group of components that can,
as a unit, be removed and replaced in the normal vehicle mainten~
ance area, Such criteria as allowable replacement time spans and
degree of complesity of post-replacement calibration form a basis
for Line Replaceable Unit selection,

MAINTENANCE: Those functions and activities associated with restoring
the wvehicle to a serviceable condition between f£lights,

MEASUREMENT: A physical quantity or event whose magnitude or time of
occurence is of significance,

MONITORING: Repetitive acquisition and evaluation of needed data,

POGO: An oscillatory instability resulting from a dynamic coupling
between the fluid and structural elements of the vehicle.

PROCESSING: The manipulations and operations performed on data from
the time and place it is acquired to the time and place it is
used in its final form,

SELF CHECK: The process by which a functional element assesses its own
operational integrity and readiness,

SENSOR: A functional element which responds to a physical quantity
or event and converts that response to transmissible data which
is proportional to the magnitude of the quantity or indicates
occurence of the event.

SINGLE POINT FAILURE: A functional element whose inability to operate
within prescribed limits would cause loss of vehicle, crew, and/or
migsion objectives,

STIMULUS: An excitation or foreing function which is applied from an
external source at a prescribed place and time,
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NOMENCLATURE (Continued)

TIMELINE: A representation of a sequential series of events which

depicts the time of occurence and duration of each event,

TRANSDUCER: Same as sensor.

TREND

ANALYSIS: The process of evaluating successive samples of the

same data to forecast end of useful 1life and/or Incipient failure
as an aid to maintenmance operations and to mission or vehicle
configuration decisions,

Abbreviations and Acronyms

Note:

A/B
APS
APU
BITE
CC
CCC
ccu
Ct
C#*
DIvu
DRM
OV
EPL
FMEA
FEB
FS{
Fs,
GHe
GH2
GN2
GOX
GSE
G &N
HPFTPA

Measurement nomenclature is defined in the measurement section,

Afrbreather or airbreathing
Auxiliary Propulsgion System
Auxiliary Power Unit

Built-In Test Equipment
Combustion Chamber

Central Computer Complex

Chamnel Control Unit

Thrust Coefficient

Characteristic Exhaust Velocity
Digital Interface Unit

Design Reference Model

Change in Velocity

Emergency Power Level

Failure Modes and Effects Analysis
Fuel Preburner

Fire Switch #1 (Engine Starf\Signal)
Fire Switch #2 (Engine Shutdown Signal)
Gaseous Helium

Gaseous Hydrogen

Gaseous Nitrogen

Gaseous Oxygen

Ground Support Equipment

Guidance and Navigation

High Pressure Fuel Turbopump Assembly



HPOTPA
Ign
Xs¢C
LH,
L02
I0X
LPFTPA
LPOTPA
LRU
MPL,
MR
MSFC
NPL
OCMS
oMSs
OPB
P/L
RCS
TCA
TPF
TPL
TvC
VAB

NOMENCLATURE (Continued)

High Pressure Oxidizer Turbopump Assembly
Igniter or Ignition

Kennedy Space Center

Liquid Hydrogen

Liquid Oxygen

Liquid Oxygen

Low Pressure Fuel Turbopump Assembly
Low Pressure (Oxlidizer Turbopump Assembly
Line Replaceable Unit

Minimum Power Level

Mixture Ratio

Marshall Space Flight Center

Normal Power Level

Onboard Checkout and Monitoring System
Orbital Maneuvering System

Oxidizer Preburner

Payload

Reaction Control System

Thrust Chamber Assembly

Terminal Phasge Finalization

Terminal Phase Initiation

Thrust Vector Control

Vertical Assembly Building

Western Test Range
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I. INTRODUCTION

The Space Shuttle Program has the primary objective of providing an
economical space transportation system, Inherent in this objective are
such aspects of the Space Shuttle system as maximum reuse of components,
facilities, ground equipment, labor and materials for maintenance and
preflight activities. Previous launch vehicle experience has shown that
extensive ground checkout systems are expensive to acquire and entail
substantial time and manpower for such test activities as mating and
detaching the test equipment to and from the vehicle., Recent technology
has demonstrated the feasibility of alleviating this problem by maximizing
the onboard checkout capability within the constraints of onboard weight
and complexity to obtain an autonomous system. The capabilities of this
onboard checkout system can be extended to include the related functions
of performance monitoring, emergency detection and post-flight evaluation,
thereby making a significant 'step towards realizing such other S8pace Shuttle
objectives as rapid turnaround and low hazard operatioms.

This 1s the second quarterly progress report on a study contract to
define an onboard checkout, performance monitoring, emergency detection and
postflight evaluation system for the Space Shutile propulsion systems. This
study 1s belng made of the Space Shuttle's maln, auxiliary, and airbreathing
propulsion systems' functional, performance and durability requirements to
define the checkout, monitoring and evaluation criteria and to evolve an
approach for performing the functions of preflight checkout, performance
monitoring, fault isolation, diagnosis, emergency detection, display, data .
storage, postflight evaluation and maintenance. The timing of the study is
such that the checkout and monitoring requirements, concepts and deslgns may
be incorporated and utllized in the basic design and development of the -

* propulsion systems.

The program schedule is presented in Figure I-1 and the study approach
is illustrated in Figure I-2, As shown, the technical work is to be completed
6% months after go-ahead. The initial element of the study consisted of the
detailed definitlon of the Design Reference Model, (the Space Shuttle vehicle,
misgion, propulsion system configuration, and vehicle electronilcs) which
comprises the baseline concept. The propulsion systems were defined to the
component level and the functional requirements of ithe propulsion systems were
established. Faillure modes and effects analyses were conducted to the
propulsion components level and, for critical components, to the parts level.
Also, those propulsion system elements which could be replaced between flights
without impacting the allowed 10-working day turnaround were defined (these
alements are referred to as Line Replaceable Units.) The characterization of
the propulsion system resuliting from these definition studies formed the
criteria from which the on-board checkout and monitoring requilrements could
be established, and was presented in detail in this study's first quarterly
progresg report.



The second quarter's work ag presented herein has dealt with the
evolution of the on-board checkout and monitoring requirements and the
formulation of concepts for performing the required functions and operations.
This effort has consisted primarily of defining what measurements must be
made, when the measurements are to be made and with what sample rates; what
data bus traffic and processing loads result; what sensors- are required and-
what technology is needed to fulfill these requirements;.and what onboard
checkout, and monitoring system design ¢ériteria must be followed in design
concept finalization. The study will be completed during the next month in
the form of design concept selection and definition.

Figure I-1 Program Schedule

Jul | Aug | Sept|Oct {Nov jDec |Jan {Feb |Mar
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QCMS DESIGN e —_—
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- DISTRIBULLON , —




PROPULSION SYSTEMS DEFINITION
+ SCHEMATICS
» DESCRIPTIONS
. ELEMENT DEFINITIONS
« MISSION TIMELINES
» FUNGTIONAL REQUIREMENTS
. FMEA'S
. LINE REPLACEABLE UNITS
« LRU MAINTENANCE
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TASK 1 ~
/
/
~ TASK 2
/
e
/
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~ > . SENSORS
» PROCESSING DISTRIB.
\
y
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RECOMMENDATTONS
v
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SELECTTON
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Figure I-2 STUDY APPROACH
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II. DESIGN REFERENCE MODEL

The Space Shuttle vehicle, mission, propulsion systems and
€lectronics Design Reference Models remain as presented in MCR-70-
274 (Yssue 1), Quarterly Progress Report for July - September, 1970,




ITII. PROPULSION CRITERTA

The Propulsion Subsystem Requirements and the Failure Modes and
Effects Analysis data sheets were presented in MCR-70-274 (Issue 1),
Quarterly Progress Report for July - September, 1970, and are not
repeated herein. However, since this information will be presented
in the final report, Sections A and B of this chapter are retained
for continuity. Section C of this chapter defines and describes
propulsion system Liine Replaceable Units.,

IIL-1



C. LINE REPLACEABLE UNITS

Among the several functicons to be performed by the on-board
checkout and monitoring system are inflight, fault isolation of line-
replaceable~units (LRUs) for timely maintenance, and verification
purposes after LRU replacement. Therefore, the definition of the
checkout systems is in part determined by the requirement to isolate
faulty LRUs and check them cut after replacement, consistent with
mission time lines., This portion of the report defines an LRU,
presents the LRU selection ground rules, and identifies the LRUs.

The procedures for LRU removal, replacement and retest in the
Maintenance Phase have been defined as a part of the LRU selection
study and to establish LRU maintensnce requirements pertinent to
the OCMS definition. These procedures were previously published
in MCR~70-306 (Issue 3), Monthly Prosress Report for October, 1970;
because of their bulk, examples only are republished in this report
in Appendix C. The complete set will be included in the final report,

.1l. Definition

A line replaceable unit is defined as any component, series of
components, assembly, or subsystem that can be replaced by a competent
mechanic in the Space Shuttle maintenance area.

2. Ground Rules and Criteria

a. Replacement of an LRU shall not impact the Space Shuttle main-

tenance timeline. It is assumed that simultaneous replacement
can he achieved:;

b. Replacement shall not require removal of major operational
hardware which is not a part of the 1LRU subsystem;

c. Connections for LRU rzmoval shall be minimized;

d. Retest requirements shall necessitate only retest of "the
replaced LRU;

e. The functiomal status of each LRU shall be able to be verified
and monitored, and shall not introduce uncertainty in. cali-
bration in excess of the specification performance limits

£. An LRU may consist of a series of group of LRUs,

Interconnecting lines were not generally evaluated in this study.
Only main engine interconnecting and attaching lines were considered.
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Component groupings Into modular packaged LRUs were used- when
possible. The approach used the following criteria:

a. Component grouping shall be used on redundant~like components.
In general, complex components or components which are expected
to operate at high cycle rates will not be grouped with simple
components or components which are expected to operate at low
cycle rates;

b. Component groupings which require hydraulic, pneumatic or
electrical disassembly comnections in excess of those required
for a lower level of replacement will not be considered as
LRU candidates;

¢. Modules weighing more than 150 1b. will not be considered as
LRU candidates unless:
1) The module is located at an obvious access door,
2) The module is external to the vehicle skinline,

3) Replacement of lower level components, assemblies
or subsystems would delay missicon timelines.

The LRU identification resulting from these ground rules and criteria

are presented in the following pages. For each propulsion system, all
of the components are identified, and a criteria matrix resulting in LRU
selection is presented. The top level LRUs are shown on schematics and
have written descriptions; those LRUs which are contained within the top
level LRUs are identified in the tabular listings.

An objective is to have all propulsion control sensors be IRUs,
However, the control sensors are not defined in the LRU listings.

3. Booster Main Propulsion System

Table ITI-1 reflects all components within the Booster main pro-
pulsion system and presents the criteria matrix resulting in LRU selec-
tion. (Because of commonality, the orbiter main propulsion system
components are also presented in this table). Top level LRU identi~
fication for the Booster main propulsion system is shown schematically
in Figure III-1. These are followed by a brief description of the
top~level LRUs., Those LRUs which are contained within the top-level
LRUs are identified in the tabular listings.



Table III-1 Main

Propulsion System LRUs

ITI-5

Main Prepuision System Booster Meets LEU Criteria LRY
Ref. No. Ttem Time Accessibility Calibration Verification | Yes| No'
11 Engine Subsystem X X be X X
1.1.1.1 Low Presstre Fuel Turbopump b4 X X X X
1.1.1.2 High Pressure Fuei Turbopump X X X X X
1.1.1.3 Low Pressure Oxidizer Turbopump X X X X X
1.1.1.4 High Pressure Oxidizer Turbopump - X X X X X
1.1.1.5 Fuel Preburner X b4 X X X
1.1.1.86 Oxidizer Preburner X X X X . X
1.1.1.7 Hot Gas itanifold NO RO X X b
1.1.1.8 Fuel Main Valve X X X X X
1.1.1.8 Ixidizer Main Yalve X X X X X
1.1.1.10 Fuel Control Yalve, Oxidizer Preburner X X X X X
1.1.1.11 Oxidizer Contro? Valve, Oxidizer Preburner A X X X X
1.1.1.12 Oxidizer Control Yalve, fuel Preburner X X X X X
1.1.1.14 Interconnect Artic. Lines X X X X X
1.1.1.15 Interconnect Lines X X X X X
1.1.1.16 Ox1dizer Recirculation Select Valve X X X X X
1.1.1.17 Fuel Recirculation Sefect Valve X X X X X
1.1.1.18 Fuel Recirculation Contrel Yalve X X X X X
1.1.1.19 Fuel Recirculation Regulator X X X X X
1.1.2.1 Main Injector . NO NO HO X
1.1.2.2 Main Combustion Chamber NO No X X
1.1.2.3 Booster Npzzle X X X X X
1.1.2.4 Gas Distrfbution Plate NO NO X X X
1.1.2.5 Interconnect Lines X X X X X
1.1,3.1 Preburner and Main TCA Igniters X X X X X
1.1.3.2 Interconnect Lines X X X X X
1.1.4.1 Gimbal Block NO NO X X X
1.1.4.2 Gimbal Actuator and Power Pack X X X X X
1.1.5.1 Engine Controiler X X X X X
1.1,5.2 Ignition and Valve Control Harness h{ X X X X
1.1.5.3 Instrumentation Harness X X b X X
1.1.5.4 Sensors X X X b X
1.1.6.1 Fuel Tank Pressuraat Check Yalve X X X X X
1.1.6.2 Oxidizer Tank Prassyrant Check Valve B X X X X
1.1.6.3 Ox1dizer Heat Exchanger X X X X X
1.1.6.4 Interconngct Lines X X X X X
1.1.7.1 Purge Yalves X X X X X
1.1.7.2 Interconnect Linas X X X X X
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Table IIT-1 (Continued)
Main Propulsion System Orbiter Meets LRU Criteria LRU

Ref. Ho. Item Tire “Accessibility Calibration Verification | Yes {[lo
4.1 Engine Subsystem X X X X X
4.1.1.1 Low Pressure Fuel Turbopump X b X X X
4.1.1.2 High Pressure Fuel Turbopump X X X X X
4.1.1.3 Low Pressure Oxtdizer Turbopump £ X X, X X
4.1.1.4 High Pressure Oxidizer Turbopump X X X X X
4.1.1.5 Fuel Preburner X X X X X
4.1.1.6 | Oxadizer Preburner X b X X X
4.1.1.7 Hot Gas itanifald NO ] X X X
4.1.1.8 Fuel Main Valve X X X X X
4.1.1.9 Oxidizer Main Valve X X X X X
4.1.1.10 | Fuel Control valve, Oxidizer Preburrer X b4 X X X
4,1.1.11 | oxidizer Control Yalve, Oxidizer Preburner X X X 4 X
4.1.1.12 | Oxidizer Coatrol Valve, Fuel Preburner % X X X X
4.1.1.14 | Interconnact Artic. Lines b4 X X X X
4,1.1.15 | Interconnect Lines X X X X X
4,1.1.16 | Oxidizer Recirculation Select Vaive X X X X X
4,1.1.17 | Fuel Recirculation Select Valve X X X X X
4.1.1.18 | Fuel Recirculation Control Valve X X X X X
4.1.1.19 | Fuel Recirculation Regulater Valve X X X X X
4.1.2.1 Main Injector NO NO NO b4 X
4.1.2.2 Main Combustion Chamber N by X X bt
4.1.2.3 Orbiter Nozzle NO NO X X X
4.1.2.4 | Gas Distribution Plate NO HO X L X
4,1.2.5 Interconnect Lines X X X X X
4.1.3.1 Preburner and Main TCA Igniters X X X —X X
4.1.3.2 Interconnect Linas X b3 X X X
4.1.4.1 Gimbal Block NO HO X X X
4.1.4.2 Gimbal Actuator and Power Pack X X X X X
4.1.5.1 Engine Controller X X X X X
4,1.5.2 Ignition and Valve Control Harness X X X X X
4.1.5.3 Instrumentation Harness X X X X RS
4.1.5.4 Sensors X X X X X
4,1.6.1 Fuel Yank Pressurant Check Valve X X bt X X
4.1.6.2 Oxidizer Tank Pressurant Check Valve X X X X X
4.1.6.3 Oxidizer Heat Exchanger X X X X X
4.1.6.4 Interconnect Lines X X X X X
4.1.7.1 Purge VYalves X X b4 X b4
4,1.7.2 Interconnect Lines X X X X X
4.1.8.1 Extendibie Mozzle N/A X X X ¥
4.1.8.2 Extendible Nozzle Coolant Valve N/A X b4 b4 X
4.1.8.3 Extendible Hozzle Deploywrent Kit N/A b4 X X X
4,1.8.4 #ezzle Coolant Line N/A X X b b4
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Table IYI-1 (Continued)

Main Propulsion System - Booster & Qrbiter Meets LRU Criteria LRU

Ref. Ho. ’ Item Time Accessibility Calibration Verification | Yes| No
1.0 Booster - Main Propulsion System

1.2.1.1 Oxidizer Feed Line {L-1 through L-7} X X X X X
1.2.1.2 Ox1dizer Prevalve (V-77 through V-83) X X b X X
1.2.2.2 Oxidizer Isolation Valve (V-1 and ¥-2) X X X X X
1.2.3.2 Oxidizer Vent VYalve (V-3 through Y-6) X X X X X
1.2.4,2 Oxidizer Fil1l Valve (V-7) X X X X X
1.2.4.3 Oxidizer Fill Coupiing {C-1) X X X X X
1.2.5.1 Oxidizer Tank - Diffuser and Sump {7T-1) NO NO X X X
1.2.6.2 Helium Coupling {C-2) % X X b X
1.2.7.1 Fuel Feedline {L-13 through L-19) T X X X X X
1.2.7.2 | Fuel Isolation Valve (V-8 through V-14) T x X X X X
1.2.8.2 Fuel Vent Coupling {V-15 through V¥-18) X X X b X
1.2.8.3 Fuet Vent Valve (V-15 through V-18) X X X X X
1.2.9.2 Fuel Fi1l1 Coupling (C-5) X X X X X
1.2.9.3 Fuel Fill Valve (V-19) X X X X X
1.2.10 Fuel Tank - Diffuser and Sump (7-2) NO NQ X X X
1.3.1.2 Oxidizer Pressure Control Orifice (0-1 and

0-2) X X X X X
1.3.1.3 Oxidizer Pressure Control Valve (V-20 and

v-21) X X X X %
1.3.1.4 Ox1dizer Pressurant Filter (F-1) X X X X X
1.3.1.6 Fuel Prassure Contrel Orifice {0-3 and 0-4) X X X X X
1.3.1.7 Fuel Pressure Cantrot Yalve (V-22 and V-23) X X X X X
1.3.1.8 Fuel Pressurant Filter (F-2) X X X X X
1.3.2.2 Heliun Coupling - Oxidizer (C-6) . X X X X X
1.3.2.4 Helium Coupling - Fuel (L-4) X X X X X

4.0 Orbiter - Main Propulsion System

4,2.1.2 Ox1dizer Isolation Valve (V-1 and V-2} X % b X X
4.2.2.2 Oxidizer Vent Valve (V-3 through V-5) X X X X X
4.2.3.2 Oxidizer Fiil and Drain Valve {V-7) X X X X X
4.2.3.3 Oxidizer Fill and Drain Couplina {C-1} X X b X X
4,2.4.1 Oxidizer Tank {D1ffuser & Sump) (T-1 & T-2} | MO O X X X
4.2.5.2 | Helium Coupling - Oxidizer (C-2) X X X X %
4,2.5.3 Helium Coupiling - Fuel (C-8) X X X X X
4.2.8.2 Fuel Isolation Valve (V-8 and V-3) X X X X X
4.2.7.2 Fuel Tank Vent Coupling {C-3) X % X X X
4.2,7.3 Fuel Tank Vent Valve (V-10 through V-13} X X X X X
4.2.8.2 Fuel Fill and Orain Coupling (C-5) X X X X X
4.2.8.3 Fuel F111 and Drain Yalve {V-14) X X b4 X X
4.2.9.1 Fuel Tank {Diffuser & Sumo) (T-3} NO NO X X X
4.3.1.2 Ox1d1zer Pressere Control Valve {V-19 and

Y20} X X X X X
4.3.1.3 0x1dizer Pressure Control Orifice (0-3

and 0-4) X X X X b
4.3.1.4 Oxidizer Pressurization Line Filter (F-2) X X X X X
4.3.1.8 Fuel Pressure Control Yalve {V-21 and ¥-22) X X X X X
4.3.1.7 fuel Pressure Control Control Orifice (0-5

and 0-6} X % b X X
4.3.1.8 Fuel Pressurization Line Filter (F-3} X X X X X
4.3.2.2 Helium Coupling ~ Qxidizer (C-6) X b X X X
4.3.2.4 Helsum Coupling - Fuel (C-4) b X X X X
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Table IIT-1 (Concluded)
Table 11I-1 ({conci)

Main Propulsion System - Booster & Orbiter HMeets LRU Criteria LRU
Ref. MNo. Ttem Time Accessibility Calibration Yerification |Yes!ilo
4.4.1.2 Oxrdizer Iselation Vaive (V-23) X X X X X
4.4.2.2 Oxidizer Tank Vent Valve (V-24, v-25) X X X X X
4.4.2.3 Ox1dizer Yeat Heat Exchanger (H-1) NO X X X X
4.4.3.1 Oxidizer Tank {Diffuser & Sump) (T-4) Ho NO X X b4
4.4.4.2 Fuel Isolation Yalve (V-26, V-27) X bt X X
4.4.5.2 Fuel Tank Vent Valve (V-28.through V-31) X X X £
4.4.5.3 Fuel Vent Line Heat Exchanger (H-2, H-3) 0 X X X X
4.4.5.4 Fuel Vent Coupling {C-11) bt X X b4 X
4.4.6.1 Fuel Tank {Drffuser & Sump) {7-5 & T-6) MO NO X X X
4.5.1.2 Oxidirzer Tank Pressurization Line Filter

(F-4) X X X X X
4.5.1.3 Oxidizer Pressurization Regulator (R-5 &

R-7, R-6 & R-8) X X X X X
4.5.1.4 Oxidizer Pressurization Yalve (V-32, V-33) X % X X X
4.5.1.6 Fuel Tank Pressyrization Line Fiiter (F35) X X X X X
4.5.1.7 Fuel Pressurization Pegulater (R-9 & R-11,

R-10 & R-12) X X
4.5.1.8 Fuel Pressurization Yalve (V-3¢ and V-35) X X
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3. Booster Main Propulsion System (Continued)

ru (1)

IRU (2)

IRU (3)

v (5)

LO, Tank Vent Package
A

Each vent wvalve package is composed of four
series — parallel vent valves and is used in
two places. Each valve,in addition to being

a pressure relief valve, is a pneumatically
controlled normally closed wvalve, which incor-
porates a positive opening and closing feature.

L0, Tank Isolation Valve
M

There are two of these valves per boom and
they are connected at the oxidizer tank sump
and to the enginme distribution ducts. These
valves are 18 inches in diameter and are
attached by means of bolted flanges which
contain sealing devices.

Fuel Isolation Valve

There are seven of these valves per boom and
they are connected tc the engine suction ducts.
These valves are 14 inches in diameter and are
attached by means of bolted flanges which con-
tain sealing devices. The estimated weight of
each valve is 70 1b.

ng Prevalve

There are seven of these valves per 'boom and-
they are connected to the engine suction ducts.
These valves are 10 inches in diameter _and are
attached by means of bolted flanges which con-
tain sealing devices. The estimated weight of
each valve is 60 1b.

Fuel Fill Valve

There are two of these valves in each boom and
they are connected to the LH2 £ill and drain

ducts. The valve functions as an emergency shut-
off valve during captive firing tests and is also
used to prevent backflow during engine chilldown.
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3. Booster Main Propulsion System {(Continued)

LRU (:) Fuel Autogenous Line Filter

1rU (8)

ru (9)

IRU (10)

1R (11)

There are two of these components on the booster
and these gas filters are installed in the GH
autogenous pressurization line. They contain

a diffuser and a removeable filter element which
should be replaced after each flight.

Oxidizer Autogenous Line Filter

There are two of these components on the booster
and these gas filters are installed in the GO
autogenous pressurization line. They contain

a diffuser and a removeable filter element which
should be replaced after each flight.

Fuel Pregsurant Control Valve Package

These valves are used to control the pressurant
flow rate of the autogenous gas to the propellant
tanks in the event the primary orifice does not
provide adequate control. These are solenoid
operated valves.

Oxidizer Pressurant Comntrol Valve Package

These valves are used to control the pressurant’
flow rate of the autogenous gas to the propellant
tanks in the event the primary orifice does not
provide adequate control. These are solenocid
operated valves.

Oxidizer Pressurant Control Orifice

This fixed orifice controls the pressurant flow
rate into the propelliant tanks in each boom. It
is encloged in a flanged joint for easy removal
of replacement.

Fuel Pressurant Control Orifice

This fixed orifice controls the pressurant flow
rate into the propellant tanks in each boom. It
is enclosed in a2 flanged joint for easy removal
or replacement. )
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3. Booster Main Propulsion System (Continued)

wru (12)

LRU

LRU

IRU

Fuel Vent Valve Package

Each vent wvalve packége is composed of four
series-parallel vent valves and is used in
two places. ZEach valve,in addition to being
a pressure relief valve, is a pneumatically
controlled normally closed valve, which
incorporates a positive opening and closing
feature.

s (:) Fuel and Oxidizer Fill Line Coupling

The airborne half of this coupling consists
of a mating ring with sealing surfaces. This
component will require routine replacement

of the mating parts.

Fuel Vent Line Coupling

. This. disconnect coupling is the airborne half

©

of the GI-I2 tank dump system coupling. It is

attached to the airborne vent line by means of
a mating ring with sealing surfaces,

Fuel Tank Prepressurization Coupling

This disconnect .coupling is utilized to provide
a helium connection for GSE prepressurization
gervice. It is maintained like the other LRU
couplings.

L0, Recirculation Line Coupling
4

This disconnect coupling is utilized to provide
for ground recirculation of propellants just
prior to launch. It is maintained like the other
couplings.

L0, Tank Prepressurization Coupling

This disconnect coupling is utilized to provide
a helium connection for GSE prepressurization
service. It is maintained like the other LRU
couplings.
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3. Booster Main Propulsion System {(Continued)

LRU L0, Fill Valve

There are two of these wvalves in each boom and
they are conneéted to the Lo, £1131 and drain

ducts, The valve functions as an emergency
shut~off valve during captive firing tests and
is also used to prevent backflow during engine
chill-down.

LRU Main Engine Subsystem

The high pressure, turbopump engine subsystem
as defined in the DRM is composed of many
assemblies, some of which are time sensitive
and may require periodic maintenance. In the
event that certain components in the engine
that are not LRUs should fail or after the
engine life cycle 1s passed, then a complete
engine subsystem would be ipnstalled. Since
there would be a base heat-shield and close~
out boot that would isolate part of this
engine, access panels in the rear area of each
boom should be provided. The estimated weight
of one complete engine is 5,370 1b, Therefore,
special GSE would be required for engine removal.

LRU @ _]_'..22 Feed Lines
There are seven of these 10-inch ducts that are
connected at the tank sump end and ‘at the inlet
to the oxidizer prevalve at the engine end.
They are wacuum jacketed ducts and contain an
evacuation port, a thermocouple wvacuum gauge
connection and a burst disc,

LRU (@2 LH, Feed Lines
There are seven of these li4-inch ducts that are
connected at the tank sump end and at the inlet
to the fuel prevalve at the engine end, They
are vacuum jacketed ducts and contain an evac-
uwation port, a thermocouple vacuum gauge con-
nection, and a burst disc.
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4. Orbiter Main Propulsion System

Table ITI- 1 reflecfs all components within this system and
presents the criteria matrix resulting in IRU selection. Top
level IRU identification for the main propulsion system is shown
in Figure III-2.

The following is a brief description of the top-level
IRUs. Those LRUs which are contained within the top-level
LRUs are identified in the tabular listings.

LRU (:) s (:) LQZ and Fuel Tank Vent Package

Each vent valve ‘package is composed of four
serieg -- parallel vent valves and is usged in
one place for each propellant tank. Each wvaive
in addition to being a pressure relief valve,

is a pneumatically controlled normally closed
valve, which incorporates a positive opening and
closing feature.

IRU (:) s (:) ng and Fuel Isolation Valve

There are four of these walves for LH2 and three

valves for LOZ. They are connected at the tank

gump and to the engine distribution ducts. These
valves are 14 and 10 inches in diameter and are
attached by means of bolted flanges which contain
sealing devices.

tRU (&) , (5) On-Orbit 10, and Fuel Tank Vent Package

These vent valve packages each contain two series
valveg. There are two of these packages on the LH
tankage and one package on the LO2 tankage. The

vent gases on ducted through special line heat
exchanges to lower the heat leak into the on-orbit
tankage.

2
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4, Orbiter Main Propulsion Syvstem (Continued)

LRU (Ea s (:) On-Orbit LO2 and Fuel Tank Pressurant Filters

IRU (11)

There are two of these components on the orbiter,

one each installed in the GH2 and GO2 pressurant

lines. They contain a diffuser and a removeable
filter element which should be replaced after each
£light.

R (:) On-Orbit LO_ and Fuel Tank Pressurant
Control Reg@lator Package

There are four of these regulators in series -~
parallel for each propellant system. This com-
ponent is a pressure regulator which incorporates
a relief wvalve.

s On-Orbit L0, and Fuel Tank Pressurant Shut-
off Valve °

There are two of these wvalves in parallel for each
propellant system. This solenocid actuated valve
contains a set of orifices that permits slow pas-
sage of gas through the valve and acts to prevent
overpressurization of the pressurization line up-
stream of the valve. '

IRU (:) ) (:) ng and Fuel Tank Prepressurization Coupling

1rU (19

1RU (15)

These disconnect couplings are utilized to provide
a helium connection for GSE prepressurization service.
They are maintained like the other LRU couplings.

Fuel Tank Vent Coupling

This disconnect coupling is the airborne half of

the GH2 tank dump system coupling. It is attached

to the airborne vent 1line by means of g mating ring
with sealing surfaces.

10, and Fuel Fill Valve

There are two cof these wvalves in the orbiter and
they are connected to the LH2 and LO2 £i11 and

drain ducts. The valve functions as an emergency
shutoff wvalve during captive firing tests and is
also used to prevent backflow during engine chilldown.
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4. Orbiter Main Propulsion System (Continued)

IRU ; 10, and Fuel Fill Coupling

The airborne half of these couplings consist
of a mating ring with sealing surfaces. These

components will require routine replacement of
the mating parts. -

IRU @ s Ez and Fuel Recirculation Line Coupling

These discommect couplings are utilized to provide
for ground recirculation of propellants just prior

to launch. They are maintained like the other
couplings.

LRU (:) s (:) LQQ and Fuel Autogenous Line Filters

There are two of these components on the orbiter

and these gas filters are installed in the GH2
and G02 autogenous pressurization lines. They

contain a diffuser and a removeable filter element
which should be replaced after each flight.

IRU (::) R (:@ Oxidizer and Fuel Pregsurant Control Valve
Package

These valves are used to control the pressurant
flow rate of the autogenous gas to the propellant

- tanks in the event the primary orifice does not
provide adequate control. These are solenoid
operated valves.

LR (:) s (:) Oxidizer and Fuel Pressurant Control Orifice

These fixed orifices control the pressurant flow
rate into the propellant tanmks. They are enclosed
in a flanged joint for easy removal oxr replacement.
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4, OQrbiter Main Propulsion System (Continued)

1RU

Qrbiter Main Engine

The high pressure, turbopump engine subsystem
as defined in the DRM is composed of many
assemblies, some of which are time sensitive
and may require periodic maintenance, In the
event that certain components in the engine
that are not LRUs should fail or after the
engine life cycle is passed, then a compliete
engine subsystem would be installed. Since
there would be a base heat~shield and close-
out boot that would isolate part of this engine,
access panels in the rear area of each boom
should be provided, The estimated weight of
one complete engine is 5,370 1b. Therefore,
special GSE would be required for engine re-
moval, Additional ground equipment will be
required for the extendable nozzle skirt on
the orbiter engine,
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5. Booster Auxiliary Propulsion System

Top level LRU identification for the APS is shown schematically
in Figure III-3. Table III-2 reflects all components within this
system -and presents the criteria matrix resulting in LRU selectiom.
The following is a brief description of the top~level LRUs, Those

LRUs which.are contajined within the top-level LRUs are identified in
the tabular listings. :

LRU (:) RCS/Separation Engine Package

The RCS/Separation Engine Package consists of a thrust
chamber assembly, ignition assembly and valve assembly.
Under the ground rules established for determining a

LRU, which states that the unit must be replaceable in
the system with no change in system balance, and further,
that the integrity of the replaced unit can be verified,
the engine package will be removed as a single unit.

The package includes the propellant valves, igniter
assembly, and instrumentation, together with the thruster
injector and chamber. The replacement of components on
the package would be very difficult with the unit
installed on the vehicle with the limitations of space
and the inability to verify the component-to-vehicle-
line-interface seal integrity once a component change
had been made.

IRU (2)(3) GH, and GO, Filter

The oxygen and hydrogen gas filters are approximately
eight inches long and are compatible with two to three
inch lines and weigh approximately 3 pounds. The
filter element is of the double weave wire cloth or
etches disc type. The gas filters are brazed to the
propellant distribution lines.

1RU (4)(5) GH, and GO, Solenoid Valve

The GH, solenoid valve is brazed to three inch propel-
land féed lines and weighs approximately 12 pounds.

The GO, solenoid valve is brazed to three inch propel-
land f&ed lines and weighs approximately 10 pounds.
Each solenoid valve has electrical connectors for
electrical actuation and valve position instrumentation.
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5. _Booster Auxiliary Propulsion System (Continued)

LRU (6) GH, Check Valve Package

The GH, check valve package consists of two series
redundant check valves welded to two inch propellant
lines, The check valve package is brazed to two inch
propellant lines in the Booster Hydrogen Conditioning
Subsystem and Orbiter Propellant Conditioning Sub-
system Gas Generator Assemblies, The check valve
package is approximately 16 inches long and weighs
approximately 1 pound,

Gas Generator GH, Propellant Valve Package

The gas generator GH2 propellant valve package consists
of two series redundant solenoid valves (main fuel

valve and isolation valve) welded to two inch lines

and weighs approximately 20 pounds., The valve package

is brazed to two inch propellant lines in the Booster
Hydrogen and Oxygen Conditioning Subsystems, Booster

APU, and Orbiter Propellant Conditioning Subsystem Gas
Generator Assemblies. Each solenold valve has electrical
actuation and valve position instrumentation connectors.

Gas Generator GO2 Propellant Valve Package

The gas generator GO, propellant wvalve package consists
of two series redundant solenoid valves (main oxidizer
and isolatiom valve) welded to 1/2. inch lines and weighs
approximately 15 pounds. The valve package is brazed

to 1/2 inch propellant lines in the Booster Hydrogen
and Oxygen Conditioning Subsystems, Booster APU, and
Orhiter propellants conditioning subsystem gas generator
assemblies, Each solenoid wvalve has electrical actua-
tion and valve position instrumentation connectors.

LIl, Check Valve Package

(4

The LH, check valve package consists of two series
redundant check valves welded to three inch propellant
lines., The check valve package is brazed to three inch
propellant lines in the Booster Hydrogen Conditioning
Subsystem turbopump assembly. The check valve package
is approximately 20 inches long and weighs approximately
2 pounds, ’

LRU (L0) Tuzbopump

The booster turbopump consists of a LH, pump, turbine,
gearbox, and lubrication system, The “turbopump weighs
approximately 250 pounds and flanges are provided on
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5. Booster Auxiliary Propulsion System (Continued)

the turbine and pump for mounting to the vehicle
structure, Three inch pump suction and discharge
lines are brazed to the pump inlet and outlet,
Electrical connectors are provided for pump and
turbine speed and lubrication system temperature,

LRU (:) Turbopump Suction Valve Package

The turbopump suction valve package and LH, pump
suction valve package consists of two series redun-
dant solenoid valves (suction and isolation valves)
welded to three inch and two inch lines respectively.
The valve package weighs approximately 20 pounds.,

The valve package is brazed to pump suction lines

in the Booster Hydrogen Coaditioning and Orbiter
Propellant Conditioning Subsystem turbopump assemblies,
Fach solenoid valve has electrical actuation and valve
position instrumentation connectors,

LRU @Z@ Gas Generator/HQQp Exchanger Package

The gas generator/heat exchanger package weighs
approximately 50 pounds and has flanges for mounting

to the turbine inlet duct., Mounting pads are also
supplied for mounting to the vehiecle structure. The
heat exchanger inlet and outlet lines and-gas generator
propellant line connections are brazed, Electrical
connectors are supplied for heat exchanger and gas
generator pressure and temperature instrumentation

and control,

LRU (:) L, Solenoid Valve Package

The LH, Solenoid Valve Package consists of two series
redundant solenoid valves (accumulator resupply valve
and isolation valve) welded. tc three inch lines and
weighs approximately 20 pounds. The valve package is
brazed to three inch lines in the Booester Hydrogen
Conditioning Subsystem turbopump assemblies. Each
solenoid valve has electrical actuation and valve posi-
tion instrumentation connectors, .

LRU @ Gas Generator

The gas generator weighs approximately 25 pounds and
has flanges for mounting to the turbine inlet duct.
Mounting pads are also aupplied for mounting to the
vehicle structure. The gas generator GO, propellant
inlet is brazed to 1/2 inch line and the"Gil,.propellant
inlet is brazed to 2 inch line. Electrical connectors
are supplied for igniter power, igniter wvalve control,
and pressure and temperature control,
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5. Booster Auxiliary Propulsion System (Continued)

LRU (:) Compressor 802 Inlet Valve Package
The compressor GO, inlet valve package consists of
two series redundant solenoid valves (GO, propellant
valve and isolation valve) welded to one“inch lines
and weighs approximately 15 pounds. The valve package
is brazed to ome inch propellant lines in the Booster
Oxygen Conditioning Subsystem turbocompressor assemblies,
Each solenoid valve has electrical actuation and valve
position instrumentation connectors.

LRU Turbocompressors

The booster turbocompressor weighs approximately 200
pounds and has flanged inlets and outlets to permit
mounting to the gas generator, overboard ducting, and
GO, inlet and outlet lines, Mounting pads are also
supplied for mounting to the vehicle structure.. An
electrical connector is supplied for ‘turbine and com-
pressor instrumentation,

tru (17) G0, Check Valve Package

The G0, check valve package consists of two series redun-—
dant cﬁeck valves welded to one inch (booster) or two
inch (orbiter) propellant lines, The check valve package
is brazed to propellant lines in the Booster Oxygen
Conditioning and Orbiter Propellant Conditioning Sub-
systems, The check valve package is approximately 12
inches long and weighs approximately 1 pound.

LRU Turbine

The turbine weighs approximately 85 pounds and has a
flanged inlet and outlet to permit mounting to the gas
generator and overboard dump ducting. Mounting pads are
also supplied for mounting to the vehicle structure. An
electrical connector is supplied for turbine instrumenta-
tion,

LRU _G_Qz Manual Valve

The GO, manual valve is brazed to two inch propellant
fill 1lines and weighs approximately 1 3/4 pounds.

LRU G0, Relief Valve

The GO, relief valve is brazed to two inch propellant £ill
lines and weighs approximately 1 3/4 1bs.
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5. Booster Auxiliarvy Propulsion System (Continued)

LRU (:D &0, Quick Disconnect/Solenoid Valve Package

The quick-disconnect/solenoid valve package
consists of a quick-discommect coupling in
series with-a solenoid valve. The components
are welded to-two inch lines and weighs approx-
imately 12 -pounds. The package is brazed to
propellant £ill lines in the propellant £ill
assemblies, Each solenoid valve has eleetriecal
connectors for electrical actuation. Mounting
flanges are supplied on the quick-disconnect
coupling for bolting to the vehicle structure,

IRU (2 GH, Manual Valve

The GHy Manual Valve is brazed to a three inch
propellant £ill line and weighs approximately
2 pounds,

IR0 @3 GH, Relief Valve

The GHy Relief Valve is brazed to a three inch
propellant £ill line and weighs approximately
2 pounds,

LRU (:) gﬁQ Quick Discdnnect/Solenoid Valve Package

The LRU package is gimilar to LRU C:). The
components are welded to three inch lines and
the assembly weighs approximately 15 pounds,

IRU @) 9-9-2/-@—1—12 Regulator Package

The regulator package consists of two series
redundant regulators., The regulators are
welded to two to three Inch connecting lines.
Threaded connectors are provided downstream of
each regulator for 1/4 inch sensing lines.

The regulator.package is brazed to two or three
inch propellant lines in the Propellant Manage-
ment Subsystem accumulator assemblies. Each
regulator is supplied with electrical connectors
for actuation and instrumentation. Each package
welghs approximately 40 pounds and 1s supplied
with mounting pads for bolting to the wvehicle
structure,



Table ITI-2 Auxiliary Propulsion System LRUs

ITI-29

Auxaliary Propulsion System - Booster Meet LRU Criteria LRU
Ref. No. {tem Time Accessibilnty Calibration Verification | Yes | No
2.2.1.1 Accumulator Tank (T-4 through T-11) NO NO X X X
2.2.1.2 Filter (F-4 through F-11) X X X X X
.2.2.1.3 | Regulator (R-5 through R-36) X X X X X
2.2.1.4 | Solenoid Valve (V-28 through Y-44) X b X % X
2.z2.2.1 Quick Disconnect Coupling {C-8, C-9) b X X’ X X
2.2.2.2 Solenoid Valve (V-79, V-80) X X X X X
2.2.2.3 | Relief Valve {v-25, ¥-27) X % X X X
2,2.2.4 Manual Valve (V-26, V-28) X X b4 X X
2.3,1.1 | Turbine {U-1 through U-3) X X X X X
2.3.1.2 Power Train (PT-1 through PT-3) X. b4 X X X
2.3.1.3 Pump {P-1 through P-3) X X X X X
2.3.1.4 LH, Solenoid Valve (V-80, V-91, V-92, V-93,
v-94, V-63) X X X X i
2.3.1.5 LH, Check Valve (Y-64 through Y-69) { X X X X
2.3.1.6 GH, Sccumulator Resunply Suhassembly
2.3.1.6.1| Heat Exchanger (H-1 through H-3) X ] b4 X X
2.3.1.6.2 | EH; Solenaid Valve {¥-45 through V-50) X X X X X
2.3.2.1 Gas Generator {G-1 through 6-3) be X X % X
2.3.2.2 Heat Exchanger {H-4 through H-6) X b X X X
2.3.2.3 GH, Solencid Valve {GFV-1 through GFY-3}) X bt X X X
2.3.2.4 G0, Solenoid Valve (80%-1 through GOV-3} X X % X %
2.3.2.5 GH, Check Valve (V-51 through V¥-53, V-95
through ¥-97) X X X X X
2.4.1.1 Turbine (U-4 through U-6) X X X 1 X X
2.4.1.2 | Power Train (PT-¢ through PT-6) X % X % X
2.4.1.3 Compressor {CV-1 through CY-3} X X X X X
2.4.1.¢4 0, Check Valve (V-54 through V-56, V-85~
through Y-87} X X X X X
2.4.1.5 G0, Solenoid Yalve (V-57 through V-62) X X X X X
2.4,2.1 Gas Generator (G-4 through G-6) X X b X X
2.4.2.2 60, Solenoid Valve {GOV-4 through GOV-6) X X X X X
2.4,2.3 GH, Solencid Valve (GFV-4 through GFY-6) X X X X X
2.6.1.1 Gas Generator (G-7 through G-8) X X X X X
" 2.6.1.2 Turbine {X-1 through ¥-3) b4 b4 X X X
2.6.1.3 Power Train (FT-1 through P7-3) X X X X X
2.5.1.4 GH; Solenoid Valve (GFV-7 through GFV-9) X X X X X
2.6.1.5 60, Solenoid Yalve (GOV-7 through GOV-9) X X X X %
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Table III-2

(Concluded)

Auxilrary Propulsion System - Boosier and

Meets LRU Critema

LRU

Crbiter

Ref fo. 1tem Time Accessibility Calibration Verification | Yes | Ho

2.1, 5.1 RS Engine Subsystem X X X bt X

2.1.1, Thrust Chambar Assembly X Ho* N0 X
'5.1.1

2.1.2, Ignition Assembly X NO* X NO X

5.1.2

2.1,3, VYaive Assembly X NO* X HO X

5.1,3

2.5 APS Separation Engine Subsystem X X X X b

2.5.1 Thrust Chambar Assembly X HNO* X X X

2.5.2 Ignition Assembly X No* X X ¢

2.5.3 Valve Assembly X No* X X X

5.4 OMS Engine Subsystem X X X X X

5.4.1 Thrust Chamber Assembly X NO* X X X

5.4.2 Igmtion Assembly X Ho* X X X

5.4,3 Valve Assembly X NO* X X X

*The components on the thrusters will, in all probabi1ity, be inaccessible; the thruster interfaces will be designed such
that each thruster is readily replaceable, however.

‘Meets LRU Criteria

Auxiliary Propuision System - Orbiter i LRU

Ref. ilo. B Item Ttme Accessibility Calibration Verification | Yes | No
" 5.2.1.1 Accumulator Tank (T-8 through T-11) Ko NO X X X

5.2.1,2 Filter {F-6 through F-9) X X X X X
5.2.1.3 Reguiator (R-13 through R-28} * X X X X
5.2.1.4 Solenoid Valve (¥-36 through V-43) x X X X X
5.2.2.1 Quick Disconnect Coupling {C~%, C-10) X X b X X
5.2.2.2 Solenoid Valve {v-44, V-70) X X k4 X X
5.2.2.3 Relvef Vatve (V-45, V-71) X X X X X
5.2.2.4 Manual Valve (V-67, V-68) X X X X bt
5.3.1.1 Gas Generator {G-1 through G-3) X X % b4 X
5.3.1.2 Heat Exchanger {H-4 through H-9) X X X X X
5.3.1.3 G0, Solenoid Valve (GOV-1 through GOV-3) X X X X X
5.3.1.4 GH, Solenprd Vaive (GFV-1 through GFY-3) ° X X X X X
5.3.1.5 G0, Check Valve {V-46 through Y-48) X X X % X
5.3.1.6 GH; Check Valve (V-49 through Vv-51, v-80

through V-85) X X X X X
5.3.2.1 Turbine {U~1 through U-3) X X X X *
5.3.2.2 Power Train (PT-1 through PT-3) X X X X %
5.3.2.3 Pump {P-1 through P-6) X X X X be
5.3.2.4 LO; Solenoid Valve (V-52 through V-54) X X X X X
5.3.2.5 LH; Solenoid Yalve (V-55 through ¥-57} X X X X X
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6., Orbiter Auxiliarv Propulsion System

Table IT1I~2 reflects all components within this system and pre-
sents the criteria matrix resulting in LRU selection, Top level

LRU identification for the APS is shown schematically in Figure
III""I‘ .

The following is a brief description of the top-level
IRUs. Those 1RUs which are contained within the top-level
TRUs are identified in the tabular listings.

LRU (:) RCS /OMS Engine Packase

The definitions, removal, replacement and retest,
procedures are similar to those defined for LRU
of the Booster Auxiliary Propulsion System,

ey (D) ¢, and GO,;: Filter

The definitions, removal, replacement and retest
procedures are similar to those defined for LRU

. ?
of the Booster Auxiliary Propulsion System.

LrU (4)(5) GH, and GO, Solenoid Valve

The definitidns, removal, replacement and retest
procedures are similar to those defined for LRU
of the Booster Auxiliary Propulsion System.

L]

LRU (:) GH, Check Valve Package

The definitions, removal, replacement and retest
procedures are similar to those defined for LRU
of the Booster Auxiliary Propulsion System,

LRU (:) Gas Generator GH2 Propellant Valve Package

The definitions, removal, replacement and retest
procedures are similar to those defined for LRU
of the Booster Auxiliary Propulsion System.

LRU . Gas Generator GO, Propellant Valve Packape

The definitions, removal, replacement and retest
procedures are similar to those defined for LRU
of the Booster Auxiliary Propulsion System,

LrU (9) LH, Pump

The orbiter LH, pump weighs approximately 40 pounds.

and is bolted,%o the gear box housing of the turbo-

pump assembly on the Propellant Conditioning Subsystem
and the vehicle structure, Two inch pump suction and
discharge lines are brazed to the pump inlet and outlet,
Electrical connectors are provided for cump spveed instru-
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6. Orbiter Auxiliary Propulsion Svstem (Continued)

LRU 1D, Pump

The Orbiter LO, Pump weighs approximately 40 pounds
and is bolted to the gearbox housing of the turbo-
pump asgembly on the Propellant Conditioning Sub-
system and the vehicle structure. Two inch pump
suction and discharge lines are brazed to the pump
inlet and outlet. Electrical connectous are pro-
vided for pump speed instrumentation,

L0, Meat Exchanper

The LO, heat exchanger weighs approximately 23 pounds
and has flanges for mounting to the turbine exhaust

and overboard ducting, The heat exchanger inlet and
outlet lines are brazed to 1/2 inch LO, lines, Elec~-
trical comnnectors are supplied for hea% exchanger pres-
sure and temperature instrumentation,

LRU @ LH, Heaft Exchanger

The LH, heat exchanger weighs approximately 23 pounds
and has flanges for mounting to the turbine exhaust

and overboard ducting, The heat exchanger inlet and
outlet lines are brazed to two inch LH, lines. Elec-
trical connectors are supplied -for heat exchanger pres-—
sure and temperature instrumentation,

LRU (:) Power Train Unit

‘The power train unit weighs approximately 125 pounds

and has flanges for mounting of LH, and LO, pumps.
Mounting pads are supplied for bolting to Structural
members, The lubrication system and electrical harness
connector are mounted to the gearbox housing, Spline
connectors are used to connect the power shafts to the
APU and turbine of the Orbiter Propellant Conditioning
subsystem.

LRU @ Gas Generator

The definitions, removal, replacement and retest proce=
dures are similar to those defined for LRU (:) of the
Booster Auxiliary Propulsion System,

LRU@ Zurbine

The definitions, removal, replacement and retest proce-
dures are similar to those defined for LRU @ of the
Booster Auxiliary Propulsion System, i
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Orbiter Auxiliary Propulsion System (Continued)

LRU LH, Pump Suction Valve Package

The definitions, removal, replacement and retest
procedures are similar to those defined for LRU
of the Booster Auxiliary Propulgion System,

LRU @ l_._g_2 Pumnp Suction Valve Package

The LO2 pump suction valve package consists of two
gseries redundant solenoid valves (suction and isola-
tion) welded to two inch lines, The valve package
welghs approximately 20 pounds, The valve package

is brazed to pump suction lines in the Orbiter Propel-
lant Conditioning Subsystem turbopump assemblies, Each
solenoid valve has electrical actuation and valve posi-
tion instrumentation connectors.

LRU §_1;I.2 Manual Valve

The definitions, removal, replacement and refest proce-
dures are similar to those defined for LRU of the
Booster Auxiliary Propulsion System.

LRU @ GH,_Relief Valve
The definitlons, removal, replacement and retest proce-
dures are similar to those defined for LRU (:) of the

Booster Auxiliary Propulsion System,

LRU GH,_Quick Discomnmect/Solenoid Valve Package

The definitions, removal, replacement and retest proce-
dures are similar to those defined for LRU (i) of the
Booster Auxiliary Propulsion System.

R0 (31) 0, Manual Valve

The definitions, removal, replacement and refest proce-
dures are similar to those defined for LRU of the
Booster Auxiliary Propulsien System.

LRO @ _(‘iqz Relief Valve

The definitions, removal,replacement, and re
dures are similar to those defined for LRU
Booster Auxiliary Propulsion Systenm,

Ing

est proce-
of the

B
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6. Orbiter Auxiliarvy Propulsion System (Continued)

LRU @ G0, Quick Disconnect/Solenoid Valve Package

procedures are similar to those defined for LRU

The definitions, removal, replacement anc retest ,
of the Booster Auxiliary Propulsion System.

LRU @/ @ §_£.)_.,/G1ri2 Regulator Package

The definitions, removal, replacement and retest
procedures are similar to those defired for LRU /
of the Booster Auxiliary Propulsion System.
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7. Booster Ajrbreathing System

Table I1I-3 reflects all components within this system and
presents the criteria matrix résulting in 1RU selection. Top
level LRU identification for the system is shown schematically
in Figure III-5. o

The following is a brief description of the top-level
LRUs. Those LRUs which are contained within the top-level
LRUs are identified in the tabular listings.

LRU (:) Turbofan Engine Subsystem

The turbofan engine subsystem as previously de-
fined is composed on several assemblies (refer to
Section IIC) some of which are time sensitive and
may require periodic maintemance. Should a fail-
ure occur or periodic maintenance be required in
the engine power assembly, it is probable that a
complete new turbofan engine subsystem would be
installed; however, turbofan engine LRUs are shown
in Fisure IIT-5, Since each of the seven turbofan
engine subsystems is contained in its own wing
compartment one subsystem can be removed with mini-
mum effect on the other siz subsystems. The estimated
weight of one complete turbofan engine subsystem 1is
2200 1b, Therefore, ground support handling equip-
ment would be required for engine removal,

LRU (:) Turbofan Inlet Valve Package

The valve package is composed of four series -~
parallel solenoid valves and is used seven places.
The package is fabricated with welded connections
between the tubing and the solenoid valves. The
welded assembly is installed into the wvehicle with
brazed sleeves. The tubing and wvalve inlet/outlet
sizes are estimated at 0.5 in. 0.D. The estimated
weight of the package is 25 1b.
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/. Booster Airbreathing System {(Continued)

Lru (3)

LRy (6)

Cruise Tank Fuel Distribution Valve Package

The valve package consists of four series-parallel
solenoid valves, joined with welded conmections
between the tubing and the solenoid wvalves. The
welded assembly is installed into the vehicle with
brazed sleeves. The tubing and valve inlet/outlet
sizes are estimated at 4 in. 0.D. The estimated
weight of the package is 50 1b.

Cruise Tank Vent Valve Package

The valve package is composed of four series-
parallel solenoid valves. The package is fabri-
cated with welded connections between the tubing
and the solenoid valves. The welded assembly is
installed into the vehicle with brazed sleeves.
The tubing and valve inlet/outlet sizes are esti—
mated at 5 in. 0.D. The estimated weight of the
package is 60 1b.

Cruise Tank Vent Disconnect Coupling

This device is the airborne half of the GH, cruise
tank GSE dumping system coupling. It is attached
to the airborne vent transfer line by means of a
bolted flange containing a sealing mechanlsm. The
vent line tubing and corresponding attachment to
the coupling are estimated at 5 in. 0.D. The
estimated airborne coupling weight is 20 1b.

Cruise Tank Fill Valve

This LRU has an estimated inlet/outlet size adapt-
able to 6-in. 0.D. transfer lines. The wvalve is
installed into the wvehicle with bolted flanges
which contain sealing devices. The estimated
weight of the LRU is 30 1b, -

Cruise Tank Fill Coupling

The coupling is the airborne half for the LH,
cruise tanks GSE £i11 and drain system. The cou—
pling is attached to the estimated 6-in. 0.D.
transfer lines by means of bolted flanges which
contain sealing devices. The estimated weight of
the airborne coupling is 25,
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Boostexr Airbreathing System (Continued)

ITT-~ 39

LRU Cruise Tank Preggurization Regulator Package

The LRU package is composed of two regulators in

series.
by welded joints.
ing mechanism is connected to
tubing with threaded plumbing
The sensing line is ‘estimated
The regulator inlet/outlet is
mated 2-in. 0.D. tubing. The

in the wvehicle with brazed sleeves.

mated weight is 40 1b.

The regulators and tubing are connected
The regulatcr downstream sens-

the downstream
tubing connections.
as %-in. 0.D. tubing.
sized for an esti-
package is installed
The LRU esti-

Cruise Tank Pressurization Valve Package

The LRU consists of 'two parallel mounted solenodid

operated valves.
vehicle with brazed sleeves.

The valves are installed in the

The valve inlet/

outlet configuration is an estimated 2 in. 0.D.

tubing.

LRU . Pressurization -‘Filtex

The estimated LRU weight is 15 1b.

The LRU is a single filter., The filter is in-

stalled into the vehicle with

brazed sleeves.

The inlet/outlet filter configuration is 2-in.

0.D. tubing.

The estimated LRU weight is 3 1b.
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7. Booster Airbreathing System (Continued)

Turbofan Engine Subsystem

LRU@

Engine Power Assembly

The Engine Power Assembly is composed of rotating
machinery which is critical from an aligonment and
installation viewpoint. This criticality precludes
in~place replacement of specific hardware. Re-
placement of failed hardware or periodic maintenance
is best achieved through removal and replacement

of the complete Turbofan Engine Subsystem. The
removal, replacement and retest requirements for

-the Turbofan Engine Subsystem are as defined for

IRU (:) of part a.

Fuel GControl Assembly

The Fuel Control Assembly will be split into two
modular packages which are mounted either directly
on the Engine Power Assembly or on the engine
compartment structure. One of the modular packages
is the Electronic Controlier, which will be mounted
on the structure. The LRU description for the
Electronic Controller is given below. The other
modular package is composed of the fuel inlet valve,

pump, and other hardware which supply GH2 to the

engine burner (refer to Figure III-6), These hard-
ware will be modular mounted on the Engine Power
Assembly, Because of the critical nature of the
latter hardware and the dependence of proper
operation of one component on the output of another
component, it is assumed that failure of one
component will necessitate "bench" recalibration
of some other component at the time the failed
component is replaced. Therefore, failure of any
component in this modular package will require
replacement of the entire package. Since the
Electronic Controller depends upon component cali-
bration data the Electronic Controller will be
replaced anytime the modular component package

is replaced. Thus, a totally 'bench' calibrated
Fuel Control System will be on board the vehicle
at all times. The estimated weight of the modular
component package is 150 1b.
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7. Booster Airbreathing System (Continued)

IRU (:) Electronic Controller

As indicated above the Electronic Controller is
structure-mounted in the engine compartment. The
controller will be mounted in such a manner as

to isolate it from the extraneous inputs that would
impair or preclude function. An Electronic Control-
ler failure will require that the replacement part
be programmed with the acceptance test and cali-
bration data that is unique te the Fuel Control
Assembly and/or the Engine Power Assembly components.
The estimated weight of the Electronic Controller

is 80 1b.

LRU (:) Scavenge Pump

Five Scavenge Pumps are used. The pumps are
modular mounted and when one pump fails the entire
module is replaced. Six connections ‘are broken
for module replacement. The assembly is welded
and the welded assembly is mounted to the Engine
Power Assembly with brazed sleeves. The weight

of the module is estimated at 40 1b. ’

LRU (:) 0il Boost Pump

The 0il Boost Pump 1s mounted to the Engine Power
Assembly and plumbing connections are made with
brazed sleeves. ‘ The estimated weight of the 0il
Boogt Pump is 10 1b.

LRU (:) 0il Pressure Pump

The 0il Pressure Boost Pump is mounted to the Engine
Power Assembly and plumbing connections are made
with brazed sleeves. The estimated weight of the
0il Pressure Punmp is 10 1b.

1RU (7) 0il Straimer

Five 0il Strainers are used and are mounted external
to the Engine Power Assembly. Each oil strainer has
removal and replacement capability. The oil strainers
are installed in .the plumbing lines with threaded
connectors. Thé ‘estimated weight of each strainer

is 1/2 1b.
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7. Booster Airbreathing System (Continued)

LRU Bocst Pump Relief Valve

The Boost Pump Relief Valve is mounted on the
Engine Power Assembly and plumbing connections
are made with brazed sleeves. The estimated
weight of the valve is 1 1b.

LRU (:) Boost Pump Regulating Valve

The Boost Pump Regulating Valve is mounted on the
Engine Power Assembly and plumbing connections are
made with brazed sleeves. The estimated weight

of the valve is 1 1lb.

IRU @ Main Pressure Regulating Valve

The Main Pressure Regulating Valve is mounted on
the Engine Power Assembly and plumbing connections
are made with brazed sleeves. The estimated
weight of the valve is 1 1b.

LRU@ Zero 'G'" Tube Pressure System

This system does not exist on the Booster Turbo-
fan Engine Subsystem. .

LRU@ Tgnition Exciter

The Ignition Exciter is mounted on the Engine
Power Assembly. Electrical connections are made
with quick connect couplings. The estimated
weight of the Exciter is 2 1b.

LRU@ Ignition Compositor

The Ignition Compositor is mcunted on the Ignition
Exciter. Electrical connections are made with
quick connect couplings. The estimated weight of
the Compositor is 1/2 1b.

LRU (i4) Ignition Plug ’

The Ignition Plug is mounted directly on the burner
of the Engine Power Assembly. Electrical connections
are made with quick connect couplings. The estimated
weight of the Plug is 1/2 1b.
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/. Booster Airbreathing System {Concluded)

LRU@ Solid Start Cartridge

The Solid Start Cartridge is mounted in the Engine
Power Assembly on the external structure of the

high pressure turbine. Electrical connections

are made with quick connect couplings. The estimated
weight of the Cartridge is 2 1b.
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Tcble ITI-3

Booster Airureaching System LElUs

Airbreatning Propulsion-Booster Meets LRU Criterta LRY

Ref. No. [ tem Time Accessibility- j Calibration Yerification | Yes| llo
3.1 Engine Power Assembly X X b4 b X
3.1.1.1 Fan X
3.1.1.2 | Low Pressure Compressor X X NG KO X
3.1.1.3 High Pressure Compressor X X NO NG X
3.1.1.4 | Burner % X HQ NO X
3.1.1.5 | High Pressure Turbine X b NO KO X
3.1.1.6 Low Pressure Turbine X X NO 4] X
3.1.2 Fuel Control Assembly X X X X X
3.1.2.1 Intet Shutoff Valve . X
3.1.2.2 Variable Displacement Yane Pump X X NO HO X
3.1.2.3 Cooldown and Pressure Relief Valve X X NQ NO X
3.1.2.4 Fuel Heater X ¥ NO NO X
3.1.2.5 Flowmeter b b RO NO X
3.1.2.6 Shutoff and Dump Yalve X X NO N0 X
3.1.2.7 Electronic Controller X X X X X
3.1.3.1 Scavenge Pumps X X X X X
3.1.3.2 0il Boost Pumps X X X X X
3.1.3.3 011 Strainers X X X X X
3.1.3}4 Boost Pumps Relief Valve X X X X X
3.1.3.% Boost Pump Regulating Valve X X X X X
3.1.3.6 Main Pressure Regulating Valve b X X X X
3.1.4.1 Solid Start Cartridge X X X X X
3.1.5.1 Igniter Plug X X X b e
3.1.5.2 Ignition Compositer X X X X X
3.1.5.3 Igmition Exciter X X X X X
3.2.1.1 Inlet Pressurization Diffuser NO NO hiv) NO X
3.2.1.2 Hemispheré Segments NG NO NO NO X
3.2.1.5 Mounting Brackets KO NO Ko NO
3.2.2.2 Series-Parallel Solennid VYalve Package X X X X X
3.2.3.2 Series-Paraliel Solenoid Valve Package X X X X X
3.2.4.2 Series-Parallel Valve Package X X X X X
3.2.4.3 Quick Disconnect Coupling X X X X X
3.2.5.1 Quick Disconnect Coupling X X X X X
3.2.5.3 Solenoid Operated Valve with Integral

Relief Provision X X X X X
3.3.1.2 Series-Parallel Regulator Package X X X X b4
3.3.1.3 paraliel Solenoid Valve Package X X X X X
3.3.1.4 Filter X X X X X
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Engine Power Assembly
Fuel Cont‘ro'l Assembly
Electronic Controller
Scavenge Pump

0i1 Boost Pump

011 Pressure Pump
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Boost Pump Relief Valve

Boost Pump Regulating Valve
Main Pressure Regulating Valve
Zero-g Lube Pressure System*
Ignition Exciter

Ignition Compositor

Igniter Plug

Solid Start Cartridge

*Applicable to orbiter only.

TURBOFAN ENGINE SUBSYSTEM LINE REPLACEABLE UNITS

Figure III-6
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8. Orbiter Airbreathing System

Table III-4

reflects all components within this system

and presents the criteria matrix resulting in ILRU selection.
Line Replaceable Unit (IRU) identification for the system is
shown schematically in Figure III-7.

The following is a brief description of the top-level
LRUs. Those LRUs which are contained within the top-level
LRUs are identified in the tabular listings.

U (T)

IRU (2)

Turbofan Engine Subsystem

The removal, replacement and r&test requirement
description is the same as that described for
the Booster Airbreathing System. Refer to
paragraph a., LRU(:D

Fuel Feed Valve Package

The valve package is composed on four series --
parallel solenoid valves and is used seven places.
The package is fabricated with welded connections
between the tubing and the solencid valves. The
walded assembly is installed in the system with
brazed sleeves. The tubing and valve inlet/out-
let sizes are estimated at 1/2-inch 0.D. The
estimated weight of the valwve package is 25 1b,
The removal, replacement and retest requirements
are similar to those described for the Booster
Airbreathing System, IRU (:) Turbofan Engine
Inlet Valve Package.

GH, Valve Package
A

The LRU package is composed of two solenoid
valves in series. The valves and tubing are
connected by welded joints. The valve inlet/
outlet is sized for an estimated 1 inch 0.D.
tubing. The package is installed in the system
with brazed sleeves. The LRU estimated weight
is 20 1bs.
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8. Orbiter Airbreathing System (Continued)

IRU (:) Gas Generator Assembly

The Gas Generator Assembly is assumed to be
mounted to structure and attached by bolted
flanges to the Turbopump inlet duct. The
Gas Generator Assembly includes a spark type

ignition system, as well as GH2 and GO2 inlet

ports. An overboard vent system is assumed to
be included as ‘part of the Turbopump assembly.
The inlet/outlet gas commections are tubing
welded to the Gas Generator Assembly. The gas
valves are installed on the tubing with brazed
sleeves. The estimated weight of the Gas
Generator Assembly is 23 1b.

ggz Valve Package

s
The LRU package is composed of two solenoid
valves in series. The walves and tubing are
connected by wellded joints. The valve inlet/
outlet is sized for an estimated 1 inch 0.D.
tubing. The package is installed in the system
with brazed sleeves. The LRU estimated weight
is 20 1b. The removal, replacement and retest
requirements are similar to LRU (:) .

IRU (:) LH, Valve Package
=20 =

1rRU (7)

H

The LH2 Valve P%ckage consists of two solenoid
3

valves in series. The valves and tubing are con-
nected by welded joints. The valve inlet/outlet
is sized for an estimated 1/2 inch 0.D. tubing.
The package is installed in the system with
brazed sleeves. The estimated weight is 13 1b.

Turbopump Assembly

The Turbopump Assembly is assumed to be mounted to
structure and attached by bolted flanges to the
Gas Generator Assembly ocutlet duct. The suction
and discharge sides of the pump consist of tubing
which is an integral part of the pump. The mating
hardware is connected to the tubing with brazed
sleeves, The estimated weight of the Turbopump
Assembly is 30 1lb.
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8, Orbiter Airbreathing System (Continued)

IRU Check Valve Package

The LRU is composed of two Check Valves

in series., The valves and tubing are con-
nected by welded joints. The valve inlet/
outlet iz sized for an estimated 1/2 inch
0.D. tubing. The package is installed in the
system with brazed sleeves. The estimated
weight is 10 1b.

Turbofan Engine Subsystem

The IRUs for the Orbiter Turbofan Engine Subsystem
are the same as those described for the Booster Turbofan
Engine Subsvstem except for the Zero-G lube o0il pressure
system which is described below. Refer to section b. of
the Booster Airbreathing System for other Turbofan Engine
Subsystem LRU descriptions and removal, replacement and
retest requirements.

LRU@ Zero-G Lube Pressure System

This LRU consists of a small gas storage vessel,
a regulator which has vent capability, and a
solenoid valve located at the tie~in point to
the Lube 0il system. These components are
modular mounted external to the Engine Power
Assembly. A failure of any component requires
replacement of the entire module. Modular
mounted components are connected by welded
tubing and the module is installed in the system
with brazed sleeves. The estimated weight of
the module is 25 1b.
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Table TII-4 COriiter Airlreathing System LRUs

Airbreathing Propulsion-Orbiter Meets LRU Criteria LRU

Ref. HNo. Item Time Accessibility Calibration Yerification | Yes| Ho
6.1.1.1 Fan X b4 NO NO b
6.1.1.2 Low Pressure Compressor X X NO KO X
6.1 1.3 High Pressure Compressor X X NQ- NG X
6.1.1.4 Burner X . X NO NO 40X
6.1.1.5 | High Pressure Turbine X 1 X NO KO X
6.1.1.6 Lew Pressure Turbine X X NO | NO 1 X
6.1 2.1 Inlet Shutoff Yalve X \ X NQ - NO X
6.1.2.2 Yariable Displacement Yane Pump X X NO NG |*
6.1.2.3 Cooldown and Pressure Relief Yalve X X NO NO X
6.1.2.4 Fuel Heater X X N0 NO X
6.1.2.5 Flowmeter X X NO HO X
6.1.2.86 Shuteff and Dump Yalve X X RO NO A
6.1.2.7 Electrenic Controltler v b X I 4
6.1.3.1 Scavenge Pumps q 13 X A X
6.1.3.2 01l Boost Pumps 5 £ £ A X
6.1.3.3 | 0i1 Strawners £ & X X p
6.1.3.4 Boost Pump Reliref Valve X b¢ X X X
6.1.3.5, | Baoost Pump Regulating Yalve X X X X X
6.1.3.6 Main Pressure Regulating Valve X b4 X X X
6.1.3.7 Zerp "G" Pressure Supply Sysiem X X . X X X
-6.1.4.1 Sothid Start Cartridge X X ’ X X X
6.1.5.1 Igniter Plug X X X X X
6.1.5.2 Ignition Compositor X" bt X X X
6.1.5.3 Ignition Exciter X X X X X
6.2.1.1 Series-Parallel Solenoid Operated Yaive .

Package X X X X X
6.2.2.1 Pump X X
6.2.2.2 Series Solenoid Oper:ated Yalve Package X X X X X
6.2.2.3 Turbine X X
6.2.2.4 | Series Check Valves X X X X b3
6.2.3.1 Gas Generator X X NO NO ¢
6.2.3.2 H, Series Salenoid Operated Valve Package X X X X X
6.2.3.3 0, Series Solenoid Operated Valve Package X X X X X
6.1.1 Engine Power Assembly X X X X X
6.1.2 " Fuel Control Assembly X X X X X
6.2.2 Turbopump Assembly X X X, X X
6.2.3 Gas Generator Assembly X X X X X
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iv. PROPULSIQN OCMS REQUIREMENTS

A. REQUIREMENTS AWALYSTS

The OCMS8 Checkout and Monitoring Requirements Analysis was converted
in this report period from a subsystem-by-subsystem analysis to a detailed
phase~by-phase analysis, This documentation is discussed and presented in
Appendix D,

B. MEASUREMENT REQUIREMENTS

A new measurement requirements list format was developed during this
quarter, This format is designed to be used in conjunction with the OCMS
Checkout and Monitoring Requirements Analysis (Appendix D) and the sensor
criteria format. Together, these define the measurements and their usage
to the extent that all necessary data is compiled for determining the fol-
lowing: b

1. Availability of suitable Sensors

.2, Sensor development requirements

3, OCMS hardware functional reéuirements and distribution
&.\ Data Bus traffic

The measurement requirements have been updated and transcribed from
preliminary listings to the new format and are included in Appendix E
{Table E~I), A discussion of the column headings and codes used in the
measurement requirements tabulation is included in the same appendix, as
is a tabulation of measurement identity codes (Table E-II),

H

Table IV-I presents a tabula;ioﬁ of the measurement requirements grouped
by measurement types, This table has been.updated and expanded to imclude

all measurements currently identified, with the exception of those for the
main engine,

C. 0OCMS APPROACH

The following paragraphs provide an overview of the approach taken
to perform the tasks required to meet the OCMS objectives,

1, Preflight Checkout = Preflight checks will be performed only for
verification that completion of-the last flight and the subsequent
ground operations have left all-equipment in the ecorrect condition
for propellant servicing and for start, and to establish an acceptable
level of confidence in instrumentation, Functional tests to verify
operating performance prior to start will not be conducted, This ap-
proach assumes that factory acceptance test, performance monitoring
during flight, post-maintenance retest of replaced LRUs, and monitor-
ing during ground servicing operations has




TABLE IV-T

MEASUREMENT REQUIRFMENTS

SUBSYSIEM: ALL
MEASUREMENT TYPES,

PRECEDING ¥ s o

IENTTIREE

PRECEDING -PAGE BTAME NOT ]

-3

and Iv-4

MEAS, IDENTICAL !
TYPE PARAMETER MEAS, RANGE "MEAS, RESPON SE ROMTS. SCURCE REF.
NO. DESCRIPTION QUAN, AND UNITS TOL, TIME ENVIRONMENT C/M ANAT,, TMEA
BOOS.} ORB, : i BOOS 3 ORR _IBOOS. : QRE, |
P-1 PRESSURE i3 11 0-50  PSIA + 2 PSE 20 PSI/SEC 10,, LH, GE,, 700°R, FLUSH MNT 1.2 (4.2 | 1.2 | 4,2
s 32 |44 |22 |as
6.2
P14 PRESSURE & 0-50 P3IA + 1 PSI 20 PSIL/SEC Go,, GHZ, He, 750°R, FLUSH MNT, 2.2 | 5.2 2.2 ]5.2
OVER. PRES. 800 PSIA
P18 PRE §SURE 8 4 0-50  PSIA + 1 PSI - 20 ‘PAI/ SEC GO,, GH,, He, 750"R, FLUSE MNT, 2.2 |5.2) 2,2 5.2
OVER PRES. 2000 PSIA
P-2 PRESSURE 26. 11 0-100 PSIA + 1 pst 50 PSL/SEC L0y, GOy, LH,, ie, 700°R, FLUSH MNT L.L 4.1 1 1.2 ] 4,2
1.2 [6.2 2,3 ] 6.2
24 &2 | 2.4
P-24 PRESSURE 9 6 0-100 PSIG + 1 PSI 20 PSI/SEC LUBE OIL, 700°R, FLUSH MNT 2,3 531%12.3]5.,3
24 | 6.2 2.4
2.6 2,6
P=3 PRESSURE 16 3 0-200 PSTA + 2 PsI 20 PSI/SEC Lo,, 700°E, FLUSH MNT L bad (1.2 ] 4,2
. 1.2 4,2
Pl PRESSURE 38 27 0-750 PSLA + 2 PSI 50,000 PSI/SEC G0,, GH,, COMBUSI., 5000°R, FLUSH MNT 2.1 5.1 [ 2.1 5.1
2.5 5.4 | 2.5} 5.4
P-3 PRE SEURE 9 6 0-1000 PSTA + 5 PSI 50,000 PSI/SEC 80y, GH,, COMBUST., L800°R, FLUSH MNT 2,3 153 |2.3]5.3
. 2.4 | 6.2 2.4 16,2
2.6 2.6
P-6 PRESSURE 8 4 0-800 PSIA + 4 PSI 1,000 PSI/SEC G0y, GH,, He, 750°R, FLUSH MyT 2,2 |5.2 |22 |52
TrGA | PRESSURE i2 0-1200 PSI4 + 10 PSI 300 PSI/SEC G0,, GH,, He, 900°R, FLUSH MNT 1.3 143 (1.3 14,5
=7 FRESSURE 21 17 0=~2000 PsIA + 10.PsI 1,500 PSL/SEC G0,, LH,, 330°R, FLUSH MNT 2.3 | 5.3 | 2.3 | 5.3
2.4 2,4
; 2.6
} P-7A PRESSURE 16 3 0=-2000 P5SIA + 10 PSI 1,000 PSI/SEC G0,, GH,, He, 750°R, FLUSH MyT 2.2 (5.2 12,2 §5,2
: P-7R PRESSURE 2 2 0-2000 PSIA + 10 P8I 500 PSI/SEC G0,y GH,, 750°R, FLUSH MNT 3.3 | 4.5 13,3 14,5
P-1-TF PRESSURE 7 3 0-60 PSTA 0.5 PSI 20 PSI/SEC GH,, 600°R, FLUSH MNT L 3.1 [&.1
P-1C-TF PRESSURE A 3 D-20  PSTA +0,5 PSY ) 20 PST/SEC AME, ATR, MNT ON INLET DUCT STRUCT. 3.1 |&,1
P~24~TF FRESSURE 28 12 0-100 PSTA +1,5 PSE 20 PSI/ SEC LUBE OIL, 1000°F, FLUSH MNT. 3.1 |s,113.1]s8,1
P-3A-TF FRE SSURE 7 3 0-200 PSTA 0.5 PSI 20 PSI/SEC HOT GAS, 2300°R, FLUSH MNT, 3.1 [a.1
i P-3B-TF PRESSURE 7 3 0-150 PsIa + 2 PSI 20 PSI/SEC HOT GAS, 2500°R, MHT IN EXH, DUCT 3,1 | 6,1
i P~3C-TF PRE SSURE 7 3 0-200 7PSTD £ & P8I 20 PSI/SEC LH,, 530°R, MNT CON VANE PUMP{ 3.1 |6.1
=1 VIBRATION 15 24 0=5 g 0.5 g 0-5000 Hz BEARING: COMPRES,., TURB., PUMP, APU 2.3 [ 5.3
CLUTCH FWR. TRN, 2.4 [ 6,2
2.6
¥-1A-TF VIBRATION 21 9 0-5 g, 3-AXIS 0.5 g 0-3000 Ha BEARING: FRONT FANW, GORE, LO{PRES. 3.1 (6.1 | 3,1]4,1
' AC-1-TF ACOUSTIC 7 3 30-160 dB + 3 dB 50-10,000 He MNT ON ENG. PWR. ASSY. 3.2 | 6.1
NOTES: TF = TURBOFAN
MNT = MOUNT

FOLBOUT FRANTE f
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TABLE I1y-1I (Continued)
MEASUREMENT REQUIRFMENTS

SUBSYSTEM: ALL
MEASUREMENT TYFES, GROUPED

IV-5 and IV-6

MEAS, TIOENTICAT,
TYFE PARAMETER MEAS, RANGE MEAS, RESPONSE ROMTS, SOURCE REF,
NO. DESCRIPTION QUAN AND UNITS TOL, TIME ENVIROMMENT C/M AWAL. FMEA
RO0DS| ORE. - - TO0S,| ORB ORE.
Tl TEMP. 9 3 0-100 *® £ 5°R 10°R/ SEC LH,, 60 PAIA, MNI ON IK TOF, 3.2 | 6.2
T2 TEMP 66 18 0-700 °% + 5°R 20°R/SEC 10,, €0,, 18,, GH,, 200 PSIA 1.1 4.t 4,2
TK TOP, SUCT. LINE L.z | g
T=3 TEMP . ] & 0-750 °R + 5°R 200°R/ SEC 60,, GH,, He, 1500 PSIA, MNT 2.2 5523
T-f TEMP, - 6 6-1000°R +10°R 20°R/{ SEC 1500 PSIA, MNT ON PUMP ERG, ) 5.3
T-5 TEMP. ] 9 ¢-1300°% +10°R 20°R/ SEG LUBE OIL, 50 PSI, MNT ON TUR] Fals3 |3l
TRN_ERG 2'6 2-6
T-6 TEMP. 3 - 0=2000"R #20°R 20°R{ SEC 1500 PSTA, MNT (N COMPRES. BEG. 0
T=7 TEME, 9 6 D~2500°R 420°R 200°R/ SEC o, & :;H'2 COMBUST, (~1800°R) 2,5 | 5.3
MNT IN G.G. CHAME. ;g 6.2
T-2A~TF TEMP, 14 6 0=600 °R +10°R 20°R/ SEC GH,, 60 PSIA, MYT ON INLET %} 3,1 | 6,1
HEAT, QUELET LINES
Tt A~TF TRMP, 7 3 0=-1000°R 120°R 20°R/ SEC INLET AIR, 20 PSIA, MNT ON DUCT 3,114s6,.1
T=5A~TF TEMP, 7 3 0~1000°R +20°R 20°R/ SEC LUBE OTL, 100 PSTA, MNT IN SCAV, PUMP 3,116,1 6,1
Tw5B-TF TEMP, 7 3 0-1500°R. 420°R 20%R/ SEC 200 PSTA, MNT IN TURB, 3,14 6,1 6,1
T-7A-TF TEMP, 28 12 0-2500°R +20°R 20°R/ SEC 200 PSIA, MNT IN TURB, EXH, 3.1 1 6.1
BURNER
FR=~1 FIOW RATE 2. - 0-20 1b/sEC 0,25 1b/SEC 100 lb/SE(‘.z Ly, MNI I LINE ¥R. T 3.2
FR-14-TF FLOW RATE 7 3 0-20 1b/SEC 0,5 1b/SEC 15 lbISECZ GH,y, MNT TN FUEL FLOWMETER 3.1 16,1
1~1 LEVEL 12 12 COV'D/TNCOV'D 0,13 INCH 0.001 SEC 10,, LH,, 700°R, 200 PSIA 1,2 | 4.2 4.2
EAA 4.4
L2 LEVEL 2 & 0-6 INCH 10,125 INCH 12 INCH/SEC LUBE 0I1L, 100 PSI&, 700°R 2315323 ]5.3
240 6,2 ] 2.4
. 2.6 2.6
L-3 LEVEL 4 — 0~20 FT 40,07 FT 100 FT/ SEC LF,, 100°R, MNT TN TK 3.2
T~2A~TF LEVEL 7 3 0-1 BT #0.03 FT 20 ¥/ SEC LUBE OTL, 1000°F, 100 PSTA 3,116,1}F3,1]6.1
SP~1 SPEED 9 6 0-100,000 RFM +500 RPM 10,000 RPM/ SEC TURB., 2400®R, 500 PSIA 730153123153
2.4 {62} 2.4]|6.2
2.6 P
SP-14 SEEED 9 0-100,000 RPM +500 RPM 10,000 RFM/ SEC PIMP, 41-330°R, L300 PSIA 23153
sP-2 SPEET - 0-300,000 RPM +1500RTH 10,000 RPM/SEC COMPRES., 1000°R, 1500 PSTA 2.4
SP-3-TF SPEED 21 g 0-20,000 RPM 50 REM 1,000 RFM/SEC SHAFT: HI-PRES, FAN, VANE PUMP 3.1 | 6,17y 3.1} 6.1
TMPEL.
EQLoout Eravg 77
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TABIE IV-1 (Continued)
MEASUREMENT REQUIREMENTS
SUBSYSTEM: ALL

MEASUREMENT TYPES, GROUPER

IV-7 and IV-38

MEAS. IDENTICAL
TYPE PARAMETER MEAS RANGE MEAS, RESPONSE RQMTS, SOURCE REF,
NO DESCRIPITON QUAN., AND UNITS TOL, TTIME EMVIRCNMENT C/M ANAT, FMEA
BOOS | OEB. BOOS,| ORB BOOS. ORB
PN-2 POSITION, VALVE 36 14 Cpen or Closed N/A 0.3 See, MHT on Valve, 1.2 4.2 1.2 4.2
GOZ’ GHZ’ I.H2, Gie 3.2 4.4 3.2 4.4
3.3 -— 3.3 -
PH-2A POSITION, VALVE 135 105 Cpen or Closed ¥/A 0.5 Sec. MNT on Vslve, 25=-900°R 1.2 | 4.2 1.2 4.2
LHZ’ '[.02, GD2, GHy s GHe 1.3 4.3 1.3 4.3
2.1 4.4 2.1 -
2,2 i 2.2 4.4
2.3 4.5 2,3 4.5
2,4 5.1 2.4 5.1
2.5 5.2 2.5 5.2
2.6 5.3 276 5.3
- 3.4 - 5.4
- 6.2 - 6,2
PN=2A~DR FOSITION, THERMAT. k. T'o [ Open or Closed N/A 0.5 Sec. MHT on Doer, Compariment Nesr Skin. 2,1 5.1 - -
TOOR 2.5 - e ——
PH-3 POSTIION, COVPLTHNG 10 13 Open or Closed N/A 0,3 Sec. MNT on Coupling, NR Skizn 1.2 ) 1.2 4.2
_I.(?Z, LHZ’ GH2= 302 2.2 &4 - 54
-- 5.2 - -
PHw3A POSITION, COUFLING 4 0 Open or Closed N/A - 0.5 Sec. MNT on Goupling, NR Skin 1.3 2] 1.3 4.3
i GHe
PH~-4 POSITICN, VALVE 28 18 Open or Clomed N/A 0,2 Bec, MNT on Valve, WR Skin 3.2 §.2 3.2 6,2
L,
2
PH-5 POSITION, VALVE 3 e Open or Closed N/A 0.1 S8ec. MNT on Valve, 2% —- 2.4 -
GL')2
Pl~5-TF POSITION, VALVE 21 9 Open or Closed H/A 4.1 See, MNT on Valve, 3.1 6.1 - -
LAZ
PH-6 POSITION, VALVE 15¢ 127 Open or Closed N/A 0.01 Sec, MNT on Valve, 1600 to 24009 R z,1 5.1 2,1 5.1
€0,, GH, 2.3 | 5.3 | 2.3 5.3
2,4 5.4 2.4 5.4
2,5 - 2.5 _—
2.8 - 2.6 -
HOTES:

W/a= Net Applicable
DR = Door

EOLDOUT FRAME f
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TABIE Iy-I {Continued) Iv-% and IV=-1D
MEASUREMENT REQUIREMENTS
SUBSYSTEM: ALL
MEASUREMENT TYPES, GROUPED (CONT'D)

MEAS. : IDENTICAL
TYPE PARAMETER MEAS, RANGE MEAS. . RESFONSE ROMTS. SOURCE REF
HO., DESCRIPIION QUAN, AND UNITS TOL. TIME ENVIRCNMENT C/M ANAL FMEA
BOOS. | OREB. | BOOS.] ORB, EQOS, ORB,
EX=1-TF EXCYTATTON 14 6 TBD TBD TED Turbofan Valve 3.1 6.1 - -
(VOLTACE) , VATVE
EX=14~TF EXCITATION 7 3 TBD T8D TED Turbofan 3.1 6.1 - -
‘(VOLTAGE), START
CARTRIDGE -
EX=-1 EXCITATION 352 237 2B& 4VDC +5% TBD Various Valves, Actuation: 1.2 &,2 —-- -
(VOLTAGE), VALVE{' 1.3 4.3 -- had
2.1 4.4 - -
2.2 [ — --
2.3 5,1 - -
2.4 5.2 - -
2,5 5.3 - -
2.6 | 5.4 | e -
3,2 6.2 - -
3.3 | - - -
vo-1 VOLT; TNPULT - &7 40 28+ 4VDC 5% TBD RCS Eng., GG, Igniter 2.1 5.1 - -
2.3 5.3 - -
2.4 5.4 - -
2.5 6.2 -— -
2,6 | == - -
Vo-1-TF VOLT, INPUT 7 3 TRD TBD TBD Turhofan Igniter I 3.1 6,1 - -
VO-32 ¥OLT, OUTLPUT 9 3 TBD TED TED GG Exciter - 2.3 5.3 - -
2.4 - - -—
VO=2~TF VOLT, OUTPUT 7 3 TBD TED TRD Ingilicon Exeiter, Turbofan 3.1 6.1 - -
YQ~3~TF VOLT, INPUT } 7 3 TED TED TED Fuel Heater, Turbofan ' 3.1 | 61 | = -
Cu=-1 CURRENT, INFUT 38 40 TR TBD TBD RCS Epg., Igniter i 2,1 5,1 - -
2.5 5.4 - -
CU-2 CURRENT, INFUT 9 3 TBD TBD TED GG Igniter 2.3 5.3 —— -
2.4 6.2 -— -—
2.6 - -— -
CU~3~TF CURRERT, INPUT 7 3 TBD TED TEBD Tgnition, Turbofan 3.1 6.1 - -
cUy=-4-TF CURRENT, INEUT 7 3 TBD TED } TRD Fuel Heater, Turbofen 3.1 6.1 - -

FOLOOUT FRAME [



TABLE IV-I1

MEASUREMENT REQUIREMENTS
SIBEYRTEM:  ALL

MEASUREMENT TYPES, GROUFED {CONT'D)

(Concluded)

19-11 and 1712

MEAS, TDENTICAL
TYFE PARAMETER MEAS, RANGE MEAS, RESPCNSE ROMTE. SOURCE REF.
NG. DESCRIFTION "QUAN, AND UNITS TOL. TIME ENVIRONMENT C/M ANAL FMEA
EOOS, | ORE, BOGCS.| ORB. | BOOS. CBB.
GL-1 GAS LEAK TRD TED TBD TED TBD Various Compartments, 1.2 4.2 - ——
GOy GHQ, GHe 1.3 4.3 1.3 -
2.1 4.4 2.2 ——
2.2 5.1 2.4 -
2.3 5.2 - -
2.4 5.3 - -
2.3 5.4 - -
2.6 - - a
3,2 | 6,2 | - - I
FL-1-TF FLAME 7 3 On or Off N/A 0.1 Sec Combustion Chamber, Turbofan 3.1 6,1 3.1 6,1
DETECTOR Burner :
Fl-1-TF FIRE 7 3 TED TBD TBD Compartment, Turbofan 3.1 6.1 - -
DETECTOR

FOLDOUT FRAME (
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verified performance capability, and instrumentation to acceptable
confidence levels, The rationale for this assumption is that if equip-
ment performed correctly throughout its last normal operating cycle
(without evidence of failure, degradation, over-stress, or approach
of end of normal lifetime) then no significantly greater confidence
that it will again perform correctly can be obtained by testing., In
fact, since the stresses on propulsion subsystems are primarily self-
induced, tests requiring actual subsystem operation would decrease
system life, Dry-system functional tests would require considerable
simulation, would not be realistic in the absence of normal stresses,
and would provide 1little additional confidence over that obtained by
leakage checks, post flight inspections and by monitoring ground sex-
vicing operatlons such as purging and propellant loading.

Appllcable condition indicators will be monitored and evaluated
by onboard equipment during ground operations for purposes of emergency
detection, fault detection and isolation, trend ana1y51s, and operating-
state hlstory -

2, In-Flight Monitoring ~ Performance and condition indicating parta-
meters will be monitored and evaluated during and after engine start
and in flight by onboard equipment, with no vehicle-to-ground interface
other than voice communication, The data acquired by monitoring will
be processed in flight for the following purposes:

*In-flight reagy-to-start condition verification
Emergency detection -
Fault detéction and isolation
) Real-time trend analysis
Operating-state history
Performance data recording

The extent to which each of these functions will be performed in
flight is discussed in subsequent paragraphs.

3. Ready-to-Start Condition Verification - Appropriate on-board moni-
toring and evaluation will be provided to verify that all applicable
equipment is in the correct condition for start whenever an abortive
start might result in equipment damage, unsafe conditions, or need to
off-load propellants, Monitoring parameters will include applicable
valve positions, pressures, temperatures, etc.

4, Emergency Detection = Appropriate on-board monitoring and processing
will be provided to detect and provide caution and warning indications
for the following conditions:
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‘Loss or 1mpend1ng loss of major functions (main engine, alr-
breathing engine; separation, etc,)

Flight Safety parameters exceeding safe limits
Redundancy reduced to "safe! level

Hazardous leakage

5, Fault . Detection and Isolation < Fault detection and isolation will
be accomplished through onboard monitoring and evaluation, to the extent
that failures are identified and isolated to the LRU level; therefore,
post-flight tests for isolation of faults occuring in flight will not
normally need to be performed, Post-flight evaluation of in-flight
recorded data, for fault isolation purposes, will be acceptable under
certain conditions, ’ .

. Fault isolation will be accomplished as soon after detection as
is necessary to identify lost redundancy and to initiate corrective or
safing action when applicable, 1In cases where no LUR~level redundancy
exists and where corrective or safing action is taken in response to
failure detection only, as in the case of ACPS engine emergency shut-
down, diagnosis for fault isolation may be performed on stored data at
a later time, Preferably, this type of-diagnosis will be accomplished
prior to landing, but may be delayed until after. landing if necessary.

The rationale for taking 211 data for isclation of in-flight fail-
ures during or immediately after detection of the condition is that
in many cases the operating conditions and actual sequence of events
before, during and after the failure must be known in order to discrim-
inate between cause and effect, Also, transient or intermittant faults
may not be isolatable in later tests without resorting to highly real-
igtic simulation of conditions and events,

6, Real Time Trend Analysis - Trend analysis will be performed on ele-
ments known to exhibit measurable symptoms of impending malfunction,
profided they are not fail- operatlonal redundant or where failure is
likely to cause significant secondary damage, Analysis will be performed
in real time if corrective action is available in flight or if caution
and warning is necessary when a fallure is probable, -

This approach constrains the extent of trend analysis to a real-
izable and economically reasonable'level, Without these comnstraints,
the quantities of measurement channels, data stordge capacities and
processing loads became significantly more difficult to justify on the
basis of improving the probability’of mission success.

7. Operating-State History - Where correlation exists, or is likely,
between an LRU's performance and its operating time, stresses, number
of on/off cycles, number of revolutions or strokes, or combinations of
these, a history of operation of the LRU will be maintained in computer
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storage so that when an LRU's operating history exceeds the limit for
that LRU, a post-flight printout will provide notification of required
replacement,

These operating histories will not be continuous, but will be
periodic or on-condition updated totals of accumulated time, cycles,
etc,, at discrete states (on, standby, NPL, MPL, etc.) or dilscrete
stress levels (20% overtemperature for example).

Replacement based on statistical correlation of performance and
operating history is a particularly valuable approach in cases of iden-
tical redundant LRUs having a strong correlation of performance with
operating history, The stronger the correlation, the higher the pro-~
bability that all of the identical units will fail during the same
flight,

8. Performance Data Recording - Performance data will be acquired and
recorded only during times of possible activity of interest, The use

of various data compression techniques has been considered as a means

to further reduce the quantity of recorded data. However, accomplishing
any significant amount of compression either greatly overloads the
computers during peak processing times, requires considerable additional
data storage capability to temporarily hold data until it can be pro-
cessed for compression, or requires an additional computer dedicated

to data compression, The selected approach is to provide the necessary
recording capacity to store the required data, uncompressed, in suitable
format and suitably identified as to time and parameter to allow effi-
cient post~flight processing fof reduction and evaluation,

-y
9. Post Flight Evaluation - In-flight type monitdring and evaluation
will be continued until completion of shutdown operations. Tmmediately
after shutdown and connection of ground power, data reduction and ground
servicing programs will be loaded into tH& onboard computers, replacing
the flight programsg., Preferably, these programs will be loaded via the
onboard mass storage device, Flight-recorded data will then be sorted,
edited, and evaluated by the onboard computer complex to produce main-
tenance printouts, trend analysis results and performance data records,
catagorized by suitable equipmeﬁt groupings (such as main engines, air-
breathing engines, APS thrusters, etc,).

10. Display - Types of information to be displayed are:
Operator or crew inst%uctions, such as procedure steps for
manual operaticns or checkoffs, both ground and f£light,
System status, such as operating modes and redundancy levels,

Propellant quantities.and consumption rates,

2
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"Malfunction detection or prediction notification and identi-

fication, during ground operations when personnel are onboard
and inflight when corrective action by the crew is possible,

Caution and warning indiecations.

Postflight printouts of maintenance data.
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D. LEAK DETECTION AND MONITORING

1. Introduction

The leakage of propellants or pressurants aboard the Space Shuttle can
result in hazardous conditions from fires or explosions, reduced stage perform-
ance, or functional logses of propulsion system elemants. Although the level
of redundancy in the propulsion systems is such that, in general, faillures
of single components do not adversely affect the operational capabillity
of the stage, the failure modes and effects analyses show that leakage is
the major potential cause of component failure. As a part of the definition
of the propulsion system OCMS it was therefore necessary to define potential
types of leaks and leakage sources and to identify an approach to leakage
detection and monitoring which would accomplish the requisite functions of
preflight checkout, readiness assessment and performance monitoring, hazard
warning, etc. Leakage detection and monitoring considerations and recommend-
ations resulting from this special study were presented in depth in the
November Monthly Progress Report and are summarized herein.

The major conclusions and recommendations resulting from this study are
as follows:

a, The functions of the lesakage detection and monitoring system are
two fold: £irst, the exilstence of external or intermal leaks in the
propulgion components in exceedance of component or subsystem design
gspecifications must be detected, because such conditions can result

in subnormal system performance, indicate that a redundant element
no longer exists, or directly induce a hazardous condition. Secondly,
the presence of hydrogen-alr or hydrogen-oxygen mixtures at concentra-
tion levels and pressures in the combustible regime must be detected
for hazard warning. A hybrid approach to accomplish these onboard func-
tions is recommended. The approach consists of utilizing ultrasonic
detectors for leakage detection, and a2 mass spectrometer/sampling probe
system for concentration monitoring. The latter would also be used as
the cabin gas analyzer.

b. A technology program to characterize the performance of the ultra~
gonic detectors with cryogenic hardware should be implemented.

¢. Since the lower pressure limit for combustion of hydrogen with air
or oxygen is approximately 0.15 psia, it should be a design goal to
provide rapid venting of compartments to below this value during the
boost phase.

d. Changes should be made to the Design Reference Model so that corrective
action {such as purging, venting or abort) may be undertaken if a hazard-
ous concentration or major leak is detected during ascent. '
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Ground Rules

a., 'The study encompasses detection and monitoring of leakage in the
airborne vehicle systems., Launch facility items, such as propellant
transfer equipment, are not included.

b. In general, large leakage resulting from a structural fallure is
excluded from .the analysis..

¢. The orbiter stage is used as the basis for the analysis because

of its longer flight duration. The study results for the orbiter stage
can also be applied to the booster stage,.

d. The compartments are purged with an inert gas while hydrogen is
being loaded and up to launch.

e. During main engine operation, any leakage from these engines into
the base region downstrem of the bage heat shield can constitute a
special hazard problem. This problem is beyond the xange of thig study
due to the interaction of recirculating gases from the external flow
field and the complex nature of the total problem.

Leakape Sources and Consequences

To properly understand and classify the overall leakage problem it is

necessary to define potential sources and consequences of leakage.

a. Sources - The leakage sources were evaluated for each of the three
propulsion systems for the orbiter, as discussed in the following.
The main engine is presented in Paragraph 4.

1) Main Propulsion System

The orbiter main pr0pﬁlsion-systgm is shown in Figure IV-1,
The components, assemblies and subsystems that are potential leak
sources are as follows:

Propellant tankage
Propellant lines
Isolation/prevalve
Vent and .relief valves
F111 and drain valves
Pressure regulators
Shutoff valves

Check valves
Disconnects

Sealed joints

Main engine
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The propellant tankage Includes both the main and omn~orbit
tankage. These tanks will be designed and tested for structural
integrity at pressures greater than the normal operating pressure.
Also, there will be design specifications which will determine
the maximum allowable gas leakage from the tankage. Nevertheless,
it 1s possible for leakage to occur at penetration points for lines
and at seals for manhole covers. Repeated stage usage could also
cause leakage at tank welds. In the horizontal or vertical posiltion
the leakage of any liquids would rapldly vaporize to the gaseous
state. If the stage were in a horizontal attitude, leakage from
the large main LH, tank would have a tendency to accumulate at the
top of the stage in whatever compartment the leak occurred. If
the stage were in a vertical attitude, leakage from large main
LHy tank would have a tendency to rise toward the front of the
stage.

The propellant and pressurant lines include both vacuum jacketed
lines and regular single wall tubing. The single wall tublng and
ducting can leak externally., The vacuum jacketed lines can leak
and lose their vacuum. All of the larger lines contain flange joints,
Leakage of the seals at these joints are another leaksge source.

The propellant shutoff or isolatlon valves could leak both
internally with leakage of liquid or gas into the position indicating
swltch, actuator, or cloged position latch and externally at the
flange joilnts., Leakage through the gate lip seal would allow pro-
pellant into the main engine,

The vent and relief valves can leak either internally or exter-
nally. The actuation solenoid valve and the step vent solenoid
valve which are both part of thig valve can also lesk.

The £111 and drain valves which are butterfly type valves can
guffer leakage mainly through the valve seat lipseal, A relief valve
which i3 located in the center of the butterfly is also a potential
leak source.

The pressure regulators can leak both internally and externally.
Leakage from the atmospheric sensing port and the regulator body is
defined as external leakage. Internal leakage Ls that which occurs
through the regulator outlet or from the Integral relief valve.

The check valves can incur internal leakage after repeated
usage.

The f111 and drain disconnecté conslst of an airborne half
which is esgentlally a mating ring -with sealing surfgces and a
ground half with a bullt in butterfly valve.
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2) Auxiliary Propulsion System

The orbiter stage APS is shown in Figure IV~2, Those components,
assemblies, and subsgystems within this system that are potential
leak sources are as follows:

Propellant accumulators
Propellant lines

Gas generators

Solenoid valves
Turbopumps
Turbocompressors

Heat exchangers

Check valves

APS engines

The propellant accumulators store the gaseous hydrogen and

- oxygen at 1500 pala. As with the main tankage, these high pressure
bottles will be tested for structural integrity under pregsures
greater than the normal operating pressure,

The high pressure lines that connect the forward and rear
accumulators are all brazed fittings which will be leak tested
extensively during assembly and acceptance testing., In general
they can be expected to have leak rates lower than 1 x 1073 std
em3/sec,

The bipropellant gas generators within the APS propellant
conditioning subsystem could be a leak source for the GHy and
GOy both internally and externally. Also they generate hot gases
which could leak externally.

The heat exchangers which furnish the heat source to convert
the 10, and LH, to GOy and GHy are devices with no moving parts.
However, they are hard to inspect and do provide a potential leak
path through the heat exchanger coils for hot fuel-rich combustion
gases to contact liquid oxygen. This is a type of internal leakage
with a potentilal for catastrophic failure.

The solencid valves and check valves that control the flow of
fuel and oxidizer into propellant conditioning subsystems and into
the accumulator regulators can leak both internally and externally.

The APS rotating machinery which entails both turbine driven
pumpg and turbine driven compressors does require special consider~-
ation due to the dynamic sealing necessary to prevent leakage from
such components. The principal dynamic seal types used in turbo=~
pumps and compressors are.the labyrinth, face-riding, and shaft-
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riding seals. Since all of these dynamic seals can leak at a high
rate, vent lines must be connected to the cavities between two or
more dynamic seals which are installed in series, This is parti=~
cularly important to gssure positlve sealing for critical applica-
tions such a2s propellant seals where fuel may be on one side and
oxlidizer on the other side of the sealg. This vent line will be
connected to GSE for ground testing and will be vented through the
external skin in flight.

3) Air Breathing System

The orbiter stage A/B system is shown in Figure IV-3.. Those
components, asgemblies, and subsystems within this system that are
potential leak sources are as follows:

Propellant lines

Solenoid and check valves
Gas generators

Turbopumps

Turbofan engines

Since leakage in all of these types of components has been
discussed in the two previous sections they will not be repeated
herein except for the engine.

In the engine power .assembly both the low and high pressure
compressors contain special air seals to limit interstage air re-
elrculation and high leakage would decreasz performance of the
turbofan engines. This would be detected by trend data analysis
of engine performance. In the high and low pressure turblnes there
are turbine blade tip seals and interstage labyrinth seals that
could leak, Again this would result in a performance loss that
can be detected.

In the fuel control assembly the variable displacement vane
pump will utilize dynamic seals.

The scavenge pump which removes oil from the gearbox compartment
for returnm to the oil tank would be the most likely source of an oil
leak. The loss of oil may impair the lubrication of the engine
bearings and result in bearing loss and subsequent engine shutdown.

In the case of prolonged storage of a turbofan engine in space on

the orbiter, three problems are of concern in the lubrication assembly!
vaporization of the oll to the hard vacuum, cold welding of the

contact surfaces, and freezing of the oil, Turbofan engine lubrication
systems are usually vented to ambient through a breather valve,
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The bearing compartments and gearboxes have carbon face seals between
the stationary housing and the rotatling shaft for compartment sealing.
While in orbit, the leakage through these seals would drop the svstem
internal pressure to the vapor pressureg of the oll. The oil residue
from the vaporized oil would contaminate most of the lubrication
system. This vaporization problem can be eliminated by maintaining

a minimum internal lubrication system presaure which would be monitored
by the OCMS.

4) Main Engine and APS Engine .Subsvstems

In support of this study the Aerojet Liquid Rocket Company con-~
ducted a detalled leakage analysis to the component level on the Main
and APS engines., ZEach engine component that could leak was analyzed
to determine the consequences of the leak and how it could be detected.
This first phase of the ALRC gtudy resulted in an analysis sheet for
each component. These analysls sheets are not presented in this report
because of thelr bulk; an example is presented in Figure IV-,. These
studv results for the Main and APS engines are summarized in Figure
IV-3, Each component that represented a leak source is identified and
the type of leak, egress polnt for the leak, and effect of the leak
is described. The detection test method is identified,
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Fuel Main
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LEAK DETECTION ANALYZ1S Sheet 19 of 39
OXIDIZER CON¥ROL VALVE, OX, PREBURNER (1.1.1.11)

FUNCTION: Provides on-off and modulating control
of oxidizer to the oxidizer preburner,

’ Oxid, Control Valve

ium ¥

GHe
<
M
M H.P,
: 0.T.P.A

| @

. . e v g
.25 o 15}: ¢
T 8——- 0.P.B. I 3 2nd Stg,
=

(
- Turbine

e-gh;bine

—

Ist Stgz,

CONSEQUENCES OF LEAKAGE:

1Y)

2)

At Start: "Small Leak" - GHE purge dilutes oxid; '"Large Leak" -
High press./temp. start with posgible preburner and/or turbine
damage,

Pogt FS-2: ''Small Leak" - Minor increase in shutdown M.R.; '"Large
Leak': High pressure/temp, shutdown, possible turbine damage, extended
shutdown (minor).

METHODS FOR DETECTION:

L

2)

Preburner temperature/pressure at start and shutdown, Shutdown data
will be more indicative, as a leak in the igniter oxidizer valve
will cause a pressure peak at start,

It may be possible to use an external contactetype ultrasonic leak
detector in conjunction with a 25-50 psig GHE or GN; pressurization

in maint, shop, 1f flight data indicates an abnormality, The design
of this valve may preclude incorporation of a leakage detector probe
(1.e., thermocouple), so the ultrasonic technique sghould be pursued,
Presence of igniter oxid, valve could make location of leak a difficult
task,

Figure IV-4 Exemple of Engine Component
Leak Detection Analysis



FIGURE 1IV-5

LEAKAGE DETECTION AMALYSIS SUMMARY

Iy=27 and IV-2§

MISSION PHASE CODE: MATN ENGINE
A. TERRY
B, GROURD
C. FLIGHT
LEAKAGE TYPE OF LEAK EFFECT OF LEAK gETgCTION TEST METHODS
SOURCE AND EGRESS POINT O%ﬁ%ﬁ%{l}lu%%%‘gggaogu%lp %J . H%‘I T%{O%IE%E(:)% ETE)SEE{IN EEJ:ONJ . SHOgN(E% &%HE%’%%SPT WITH NO
L1312~ Fuel Leak. A, None *None * None *Helium leak test but requires sensing
Lift -Off Seal, Face Seal, in Turbine . Fire Hazard at fuel main valve (parallel path), o
HPETPA Section of Pump. Exits C. Orbiter Only - Fire differentiate, Txternal ulirasonic
ana Nozzle Hazzrd during contact probe at valve, and at pump.
L1L1.4- Ho0St.
a;g -AOff Seal,
1.1 1.2 - Ck, Fuel Leak, A, None Bearing Temperature. None Leak test with external ultrasonic
Valves for HPOTPA Feed Line: Seat leaxs in B. Fire Hazard contact probe
Turbine Bearing forward dir. C. Orbiter Only ~ Fire
Coolant et Line: Seat leaks in Hazard during
revarse dir, Hoost.
sote Exit Nozzle.
L1L1.8- Fuel Leak. A. None Temp. Sensor dewnsiream of None A bhelium leak test in shop can be performed
Fuel Main Valve Poppet Seal. Exits Nozzle | 2. Fire Hazard Valve. Check temp. ai Prop, with two types of sensora:
C. Orbitar Only - Fire loading, on-pad, and post-Fi,. 1) External nltrasonic probe at valve.
Hazard during . 2) Mass, spec. probe inserted in main C.C.
Boost, Igniter Tube, with a collar seal.
1L.LL9- Oxid. Leak. A, None Temyp. Sensor downstream of None A GNp leak test with an external ultrasonic
Oxid. Main Valve Poppet Seal. Exits Nozuzle § 8, Hard start, TCA Valve, Check temp. at Prop. contact probe. The multiple paths for
damage. I large loading, on-pad, and post FSa. Oxid. ieakage which exit the nozzle render
enough possible a "sniff"' test in the chamber useless.
hazard on launch
pad.
C. Bhutdewn - high M. R. o
Possible injector
damage.
I.1.1.11 - Oxid, Leak, A, None 1. Preburner pressure/temp, None GN,, leak test with external ultrasonic
Owid, Control Valvs, Shutoff seal. Exits Nozzle | B. Haxd start. Possible data at start and shutdown. Large probe. Proximity of igniter oxidizer
O, P. B, preburner/turbine leak would show up on pad on valves leaves some doubt about the
damage. Possible chamber temp, specificity of this test.
golg“irlnMwlzth ﬁ:l}:il:fe 2. Review valve design to deter—
dama'ge. mine whe.ther or not & _tharmocoupie
C. Orbier - Hard stark, could he incorporated in passage

[Fh

RLDOUT FRAME /

Poasible preburner
turbine damage.
Possible high M.R.
at shutdown with
turbine damage.

downstream of valve. The

preferred method, however, is #1
above as it makes use of transducerd
already on engine for other purposes

Foipoyy FRAYR 2

*FURTHAR 3TULY REQUIRED,




FIGURE IV-5 (Continned}
LEAKAGE DETECTION ANALYSIS SUMMARY

IV-29 and Ty-30

MISSION PHASE CODE: MAIN ENGINE
A. TFTERRY
B. GROUND
C. FLIGET
LEAKAGE TYDE OF LEAK DETECTION TEST METHODS
SOURGE AND LCRESS POINT EFFECT OF LEAE ON-50ARD DETECTION IN CONJ. SHOP OR OTHER TEST IN COND. SHOP_OR OTHER TEST WITH NO
- WILH FUNCTIONAT, COTPUTS WITH ON~-BOARD EGUIP, ON-BOARD EQUIP,
1, 1.1, 12 - Oxid,. Oxid. Leak, A. None 1. Preburner pressurs/temp. data None GNg leak test with external ultrasonic
Control Vaive, F.P. B. Shutoff Seal. Exits Nozzle | B. Hard start. Possible Large leak probe. Proximity of igniter oxidizer
preburner /turbine ; would show up on pad on chatnber i valve laaves some doubt about the
damage. Possible = temp, : i speeificity of this test.
high M. R. at shut- | : ! .
- N i 2, Beview valve design to determine: :
gaagg;ﬂth turbine whether or not a thermoecouple could . '
- " be incorporated in passage down- i
c. OrPI'joli.ZI;bleHarrgai;anitxt y stream of valve, The preferred i i
turbine dal.]ma . method, however, is #1 above as it | ;
Poseible hig‘hgni R makes use of transducers already |
at shutdown with" . oh engine for other purposes. !
turbine damage, |
!
1, 1,3, 1-1 Oxid, Leak A. None 1, Preburner chamber press/temp. None . GN, leak check, with external ulirascnic
Ign, Oxid, valve, Poppet seal. Exits nozzle | B. A large leak cuuld/ : ! probe. Possible confusion with leakage
0.P.B. result in igniter o s s . o toin oxid, control valve exists, On-hoard
N 2. Review izniter design to deter- \ : .
g;xe;fr:zrt/;ggme mine if a thermocouple could be ! ! device probably the best technique,
¢ Orbiterg- A lar e‘leak ncorporated downsiream of valve. | i
ol remalt 1 iamibe  Preferred method is #1 above as it | !
) M BRSL/ ould make use of existing i !
preburner/turbine transducers = | [
Jdamage at start. ) l i
i f
; 1 i
1.1.3.1-2 Oxid, Leak A, Hone 1. Preburner éhamber press/temp. ; None { GN; leak check, with external ultrascnic
Ign. Oxid. Valve, Paoppet Seal, Exits nozzle [ B. A large ieak could/ ! i probe. Possible confusion with leakage
F.P,B. result in igniter 5. Review imni : ) ) ! in oxid. control valve exists. On-board
. - view igniter design to deter- i 3 N
prebur;lzl;:/s tttl::‘ll')tme mine if a tharmoconple could he : E device probably the best technigue.
c Orcbkittemrlg— A lar e.leak incorporated downstream of valve., | i
. could result lﬁ tniten/ Preferred method is #1 above as it :
roburaer /mb].f'el would make use of existing
damage at start. ‘ransducers. i
PR R |
1. L3 1.3 Oxid. Leak A, None 1. Main Comb, Ch, Press. | None GNg or GHe leak check, with probe
Ign, Cxide Valve, Poppet Seal. Exits nozzle | B, A large leak could . R . | inserted in igniter tube. This test can be
Main TCA result in igniter/mair i‘, diﬁfgfﬁ??;?gggﬁgﬂ%i rle:svr.ewed‘i successful, as the igniter chamber would
C.C. damage pre- robe could be iner oratedpdown- : be accessible. If exrernal ultrasonic
mature shutdown. gtream of v aﬁe B : probas are praven, it could be used as
C. Orbiter - A large leak * i there is no valve in the immediate vicinity
could result in igniten/ i as on the preburners.
main C. C. damage !
premature shutdown.
gowoour caavg | EE0OUT mRAy D




FIGURE IV=5 (Continued LIv=31 and TV-32
LEAKAGE DETECTION ANALYSIS SUMMARY

MATN ENGINE
MISSION PHASE CODE:
A, FERRY
B. GROUND
C. FLIGHT b
"' : DETECTION TEST METHODS
LEAKACE TYPE OF LEAK EFFECT OF LEAK ON-BOARD DETECTION IN CONJ. | SHOP OR OTHER TEST 1M CONJ, BEGF OR OTHER TEST WITH NO
SOURCE AND EGRESS POINT WITH PFUNCTIONAL CUTPUTS WITH ON-BOARD BQUIP. ON-BOARD EQUIP.
’ i
1. L6 1-Li, Fuel Leak. '(Leakage Btatement assumes| Pressure sensor hetween the two Observe pressure sensor via Tank pressurization with all other valves
Tank Press. Check Check valve seat. Exits \Level 1 Redundancy is check vaives. Record data at pre- engine or vehicle data sysiem shut off; helivm mass spec. test at main
Valve Nozzle. This valve is ‘already leaking) pressurization and post Fi2. with tank pressurized, TCA (not considered a practical approach,
. _ redandant to vehicle check :A. None ] The sensor also provides pressurizal but is feasible).
valve. 1Be Loss of pre-pressuriza-| _, . ; . i
i tion gas on pad. tion system information. By installation of several shutoff valves
lc. Booster: No hazard and pressurization ports, complete shap
! “wnloss @ premavire ; checkont is;]possible, hut is not
; engine shutdown occurs,! recommended,
i then it would exit the
‘ nozzle of dead engine
i with possible iive
; -hazard up to some
i altitude, !
; Orbiter: Toss of pre- |
; pressurization gas.
!
1.1.6.2 - LOX Oxid, Leak.  {Leakage Statement assumes) Prassure sensor between the two Observe pressure -sensor via Tank pregsurization with all other valves
Tank Press. Check Check valve seat, exits iLevel 1 is already leaking) valves would give pressurization engine or vehicle data system shut off; helium mass spee. test at main
Valve nozzle. This valve is A. None system data as well as datz an with tank pressurized. TCA (mot considered a practical approach,
redundant to vehicle cheek (B. Loss of pre—pressuriza~ check vaives, but is feasible).
alye. ti 8
yalve c. Ll;:l sgjf tzgkpad By installation of several shutoff valves
sressurant gas IF 3 aﬁd }_;{resS}ITizati{_Jn ports, .eompiate shop
promature shutdown checkout is pgsmble, but is not:
occurs. Prohably no recommended.
hazard.
L.1.7.1-La GN2 or GHe. Loss of axid, backflow shut-j Pressure sensor at juncture of Pressure sensor in conjunctiop Nane.
Preburners Oxid, Exits nozzle. ' off redundancy excessive LLY%.1-1l.a, 2.2, 2.b. with purge system gas. {See L. 1.6, 1 also)
Purge Solenoid Valve use of GHE, ¥ check valve
AND this valve leak,
possible over-pressure of
GHe or GN,, system occurs;
damage to %i.ne(s), tank;
premature shutdown of
entive propulsion if
common pUrge system used
for all engines.
PLDOUT ERAN DO .
FEDLDO Aiﬁg | - ‘ =T FW}? 2




FIGURE IV-5 (Continued)

LEAKAGE DETECTION ANAL¥SIS SUMMARY

IV-33 and TV-34

MAIN ENGINE
MISSION PHASE CODE:
A, FERRY
B, GROUND
C. FLIGHT
R . DETECTION TEST METHODS,
LS%%E;%?EE E OF EFFECT OF LEAK ON-BUARD DETECTION IN CONI. BIOF OR OTHER TEST IN CONI- SHOP OR OTHER TEST WITH NO

AND ®GRESS POINT

WITH FUNCTIONAL QUTPUTS

WITH ON~80ARD EQUIB,

ON-BOARD EQUIP,

LL7.1-Lb
Main TCA Fuel -
Purge Solenoid Valve

GHe.
Exits nozzle,

Loss of fuel backilow shut-
off redundancy excessive
use of GHe., If check valve
AND this valve lesk,
possible over-pressure of
GHe or OGN, system ocours;
damage to line(s), fank;
premature shutdown of
entire propulsion if
common purge system used
for all engines.

Fressure sensor at juncture of
1. L 7.1-%Lband . ¢ (caeci valvej.

If cracking pressure of cneck
s izl enougs, uge of ine pres
sensor in conjunction with the
purge syastem gas could deiect
learage.

alve
surea

None.
(Sec 1, 1.6.1 also)

LL7.1-Le
Main TCA Oxid.
Purge Solencid Valve

Glle/GN,
Exits nozzle.

Loss of oxid, backflow shut-
off redundancy excessive ;
use of GHe. If check valve !
AND this valve leak, !
possible over-pressure of
GHe or (N9 system cccurs;!
damage to-line(s), tank;
premature shutdown of
entive propulsion if
common purge system used
for all engines.

Pressure sensor at juncture of
solenoid valve.and check valve
(LL7.i-2.d

¥ cracking pressure of caeck
is high enoughn, use of the pres
sensor in conjunction with the
purge system gas could detect
leakage.

alve
SUre]

None,
{See 1.1, 6. 1 also)

Engine System
Purge Solencid Valve

Exits nozzle,

Possible excessive use
of purge gas,
None

S

L, L7.1-Ld Glle Excessive use of GHe is None Helium snifl test with pucge None

HEOQOTPA Seal Cavity Exits overboard lines from | possible. system pressurized.

Purge Solenoid Valve HPOTPA.

LL7.1-1l.e GHe/ GNg. None None None Periodic check with gas decay test and/

or external uitrasonic probe,

.17 1-2.2"
Cuid, Preburner
Owid. Inlet Purge
Check Valve

Gle/GNg
Exits nozzle.

Bee 1,1, 7,1-1.a

Also may result in minor
mixture ratic contrel
problem.

See I.1,7.1-1.a

See 1. 1.7.3-1.a

Se=1.1.7,1-1.2

-
4 L L7, 1-2.b
Fuel Preburner
Qxid, Tnmlet Purge
Check Valve

GHe/GN2
Exits nozzle.

%f#mm FRAME /

See L. l.7.1-1,2

‘Also may result in minor
mixture ratio control

Bee 1, 1. 7. 1-1.a

Bee L. LY. 1-1.a

Sees 1,1.7.1-1.a

EOLBouT e
L A




MISSION PHASE CODE:

A,
B.
C.

FERRY
GROUND
FLIGHT

FIGURE Iv=5 (Continued)

LEAKAGE DETECTION ANALZSIS SUMMARY

MAIN ENGINE

IV-35 and IV-36

LEAKAGE

TYPE OF LEAK

EFFECT OF LEAK

UN=50ARTD DE

DETECTION TEST METHOOS

SHOFP OR OTHER TEST IN CONJ.

!

SHOP OR OTHER TEST WITH NO

Main TCA Fuel Inlet
Purge Check Valve

Exits nozzle,

SOURCE AND EGRESS PQOINT WITH FUNCTIONAL QUTPUES ) WITH ON-B0ARD EQUIP. ON-BOARD EQUIP,
Llt?.1-2.¢ GHe. Same as 1. 1.7.1-1L.b Same 25 L. L7, I-1.b Same as 1. 1.7, 1-1,0p Same as 1, L7.1-1.h

L. i.7.1-2.d
Main TCA Oxid.

Vaive

Inlet Purge Cneck

GHa.
Exiis nozale

.sysiem used for all engines.

Loss of oxid, bhackflow shut-
off redundancy. Excesaive
use of GHe. If solencid
valve and this valve lealc,
possible aver-pressure of
GHe or GNg system occurs;
damage to line(s), tank may
oceur, with premature shui-|
down of entire propulsion
system if comman purge

Pressurc seasor at juncture of cneciil:
valve and solenoid valve,
L1.%1-tLe

Bame a5 1L, 1.7, 1-1.¢c

Same as L 1.7.1-L, ¢

{Orbiter Only)

£0|.DOUT. FRAME f

altitude.

Lo 4, 7o 1-2.F No ieak if GHe system None Function in forward direction is - —
Fuel Suction Line pressure is up. most significant. Can be
Purge Check valve accomplished with existing suction
pressure meas.
L.L7.1-2. 8 No leak if GHe system Mone Funetion in forward direction is |  ———- ——
Oxid, Saction Line pressurs is up, most significant, Can be
Purge Check Valve accomplished with existing suction
Pressure meas,
1, 1.68.1 Fuel, A, None 1, Temp, probe downstream of None Helium leak {est using external
Extendible Nozzle Exiie nozzle, Z. Fire Hamard. valve, : ulirasonie probe {contact).
Coeolant Valve C. Fire Hazard up {o some




FIGURE IV-5 (Continued)
LEAKAGE DETECTION ANAL SIS BUMMARY
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MAIN ENGINE
MISSION PHASE CODE:

A. FERTY

B. GROUND
C. FLIGHT

I DETECTION TEST METHODS |
LEAKAGE ’ e - T SHOP OR OTHER TEST WITH NO
SGURCE AND BGRESS POINT EFFECT OF LEAK

WITH FUNCTIONAL QUTPUTS

WITH ON-BOARD EQUIP, |

ON-BOARD FEQUIP,

All Unshronded joints
o carry-off ducts).

These will by
definition be
10-% sce/sec or
hetter, normally

Fuel, Joint ssals to¢ engine
comp, arsa.

A, None

b, Fire hazard.

C. Fire hazard up to some
altitude.

On~board GHy sepsors in engine areal
Then shop tests fo localive sourca,

Leak test with portable ultrasonic
detector to locate leaks, Then helium

© mass spectrometer for leakage rate.

Oxidizer, Joini seals to
enging comp. area.

A. None

B,C. Noune (Neglecting gros
leakage due to seal
failure).

None. If engine compartment is
5 enclosed, an (2 concentration
analyzer is recommended.

Periodic clecks with an ultrasonic probe
with system pressurized with GNy is
recommended. (Microphone type probe)

All shrouded joints
with carry-off ducts

ang inerting gas.

Fuel, Joint seals, to point
of over~board dump.

| S

None

B. Tire hazard if ahove
inerting capahility.

C. Fire hazardup fo some

altitude.

GHg sensor oa duct near point of
egress. If excessive concentration
appears, shop test would be required
to imolate joint.

Helium press. test with external
uitrasonic probe to localize leakage
source.

Oxidizer. Joint seals, to
point of over-board dump.

A, None

., C. None (Neglecting
gross leakage due to
seal failure)

None

‘Periodic checks with ulirasonic probe
with system pressurized with GN2,

EolpouT FRAME {

£aLnoy
g 0




MISSION PHASE CODE:

FIGURE Iv=-3 (Contiunued}

LEAKAGE DETECTION ANALYSIS SUMMARY

¥V-39 and IV-&0

ACPS
A, FERRY
B. GROUND
C. FLIGHT
LEAKAGE 'fYPE or LEAK DETECTION TEST METHQOIS
EFFECT OF LEAK ON-30ARD DETECTION IN CONJ. SHOP OR OTHER TEST IN CONM SHCP OR OTHER ri8: WITH NO
SOURCE AND EGRESS POINT WITH FUNCTIONAL CUTPUTS WITH ON-BOARD EQUIP, ON-BOARD EQUIP.
Fuel. A, None 1. GHZ censor in RCS compart— Heliums (or other gas) pressuriza- Helium leak test, with helium nass
o1 4 - Seat Seal Laak. 8. Fire Hazard ment. tion inh conjunction with ultrasonic spectrometer,
M Exits Nozzle. C. Fire Hazard to some 2. Ultrasonic contact probe on contact probe.
Si-Propellant Control Aitituda, each thruster
Valve
Oxid, A, None 1. Ultrasonic contact probe on eaci Eelium {or other gas} pressuriza- Helium Ieak test, with helium mass
Seat Seal Leak, B, None, uniess gross leak| thruster. tion in conjunction with ultrasonic spectrometer.

Exijts Nozzle.

occurs, and fuel leak
also oceurs.

None - Some possibility
of 2 "hard start™

contact probe.

2,12 ~
Igniter Valves

Fuel.
Beat Seal Leaks.
Exits Nozzle.

A,
Bs
C.

None

Possible Fire Hazard.
Possible fire hazard up
to some altitude.

Same as 2. 1.4 (Fuel)

Helium (or other gas) pressuriza-
tion in conjunction with ultrasonic
cantaet probe.

Helium leak test, with helium mass
apectrometer,

Oxid,
Seat Seal Leaks.
Lxiis Nozzle,

A,
=N
C.

None
None
None

Above excludes gross
failure.

Bame as 2. L. 4 (Oxid)

Helium (or other gas) pressurija-
tion in conjunction with ultrasonic
contact probe.

Helium leak test, with heliun mass
Spectrometer.

2.1.5 -
Isolation
Valve

Fuel, Oxid. )
No Egress, unless one of
above valves leaks’

A., B., C, - None
without fatflure (leakage) of
Z.1.2 or 2. L 4,

1. Pressure iransducers in each
circuit at junciure of this valve
and 2, 1. 4,0bgerve with pressure
upstream.

2. Test in conjunction with
2,1.2, 2.1.4 (recommended approaci)

Helium (or other gas) pressuriza-
tion in cenjunction with uliresonic
contact probe, Open contral
valve to permit flow,

Helizm leak test, with belium mass
spectrometer. Open conirol valve to
permit flow,

FOUDouT FRamE |
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4 gonsequences of ILeakage

The first consideration in specifying the total allowable leakage of a
syatem is that the system must not leak sufficient commodities to cause system
failure during its mission duration. The orbiter stage has a mission duration

considerably greater than that of the booster stage, and is, therefore, the
Limiting case.

The total allowable orbiter component leak rates will be governed for
each propulsion system by the following requirements:

Main Propulsion System - Maintain internal tank pressure and propellants
in the on-orbit tanks during the orbital mission phase.

APS -~ Maintain a sufficient supply of propellants in the accumulators
to meet the RCS thruster demands during reentry operation, and to meet
the APU requirements.

A/B System = Maintain a sufficient flow rate of fuel to allow proper
operation of the turbofan engines for the approach and landing phase
of the mission.

The second consideration in specifying the allowable leakage is that
of the functional lozs of a component, assembly or subsystem from leakage
either directly or ipdirectly. The direct effect of lezkage from a component
that effects it alone can be seen in the FMEA's that were presented in the
first quarterly progress report. In general, due to the level of redundancy
in the propulsion systems, failure of a single component will not have a major
impact on the stage. However, from a close examinatlion of the failure mode
and effects analysis performed to the parts level on the critical components,

leakage (aside from failure due to normal wear) is the major cause of a com-
ponent failure.

The third congideration in specifying the allowable leakage is the

hazard presented to both ground personnel and the flight crew resulting from
Hy/0p or Hy/air mistures.

The intermal orbiter structural arrangement will consist of comventional
skin/stringer/frame alrcraft comstruction as shown in Figure IV-6., The
propulsion tankage and equipment will be enclosed in bulkhead sectioms which
in turn result in a series of compartments.

Ground support equipment would be used to purge all compartments with
dry nitrogen prior to launch and with dry helium just before (30 min.) loading
propellants. During flight all of these compartments would be vented to
ambient conditions. A mixture of gaseous hydrogen and gaseous oxygen will
combust if both constituents are present in a concentration level above 4%,
an lgnition source of 5 millijoules or greater is present, and the pressure
is above 0.15 paia.
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BULKHEAD

PAYLOAD DOOR

TYPICAL COMPARTMENT

FLIGURE IV-6 ORBITER STRUCTURAL DETAILS

HEAT SHIELD

o ‘\_. INSULATION

HEAT SHIELD PANEL

MAIN TANKAGE ————un,
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5. Mission Phase Critical Leakage Testing

The leak testing and associated safety operatlons necessary for the
orbiter propulsion systems has been divided into four major phases. These
phases are: gz follows:

Factory acceptance leak testing
Pre~flight testing and purge operations
In~-flight monitoring

Post~flight safing

The raticnale for this division is due to the OCMS requirements, GSE
requlrements, and allocation of time to conduct certain tests and operations.
The factorxy acceptance testing is included to allow a baseline total allowable
leakage estimate and to identify those tests necessary to iInsure low leakage
for safe pad operations.

The onboard systems, flight hardware and ground hardware necessary to
accomplish all of the above mentioned tests and operatlons is identified
in this section, and the details on such hardware are discussed in Section 7.

a. Factory Acceptance Leak Testing ~ These leak checks are comprehensive
survey and bulld-up type of testing to detect leaks in all potential
problem areas. Deslgn deficiencies, manufacturing problems and equipment
malfunctions will be detected and corrected at this time. Components
will first be tested, then buili up Into assemblies after which assembly
leak checks will be performed, Finally, subsystems and systems as
installed will be leak checked. This phase of leak testing will employ
the airborne leak detection system (as it becomes available during system
buildup) for those tests for which it can provide sufficient sensitivity.
Normal ground test methods will also be employed.

b. Pre-Flight Leak Testing ~ The Pre~flight leak testing of the orbiter
stage is that testing which takes place after either factory acceptance
leak testing for a new stage or after maintenance for a stage returning

from a flight., These tests would take place during the Prelaunch and
Launch Mission Phases.

The system integrity (leakage) checks are performed on each propul~
glon system in a separate operation. All purge systems are off at this
time., The hydrogen side of the main propulsion system boost LHp tankage
will be pressurized with dry Helium at a pressure of 40 psia. All of the
compartments forward of the full bulkhead (designated in Figure IV-6)
wlll be monitored by the on-board mass spectrometer and ultrasonic detect-
ors through the OCMS. The on~orbit LH, tankage will then be leak checked
in a like manner. The oxygen side of the main propulsion system boost
LOX tankage will be pressurized with dry helium at a pressure of 25 psia.
Those compartments behind the full bulkhead will now be. monitored by the
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on-board systems, During these sequential tests and before the wvalves

at the tank outlets are actlvated, all instrumentation downstream of these
compartments are monitored for any pressure build-ups. Following this
series of tests the valving 1s .operated to allow helium to flow into the
propellant lines, and the ultrasonic leak detectors are monitored. Next,
valves are opened to permit accumulators pressurization. The compartment
located in fromt of the LH, tank and the aft .compartment are monitored
during this test phase. ALl OCMS gysitems are left 4n an active state to
monitor leakage until the next major cycle.

Prior to hazardous servicing operations at T-17 hours the system
compartment purge GSE Is connected to the vehicle and.purging with dry
N2 18 begun. Loading of the APS-GHj and GO, is the mext operation to be
performed, During such loading the compartments containing. these tanks
are monitored for the presence of leakage of GHy; or GOy at 1500 psia.

During LH2 and 10, pre-chill, slow-fill, fast-fill, topping and
replenishment operations, the vehicle will be in a vertical position.
All compartments are being purged and the on-board mass spectrometers
are monitored on a continuous basisg. Since the crew is not yet on~board
the orbiter, the on-board display will be monitored by TV camera.

The helium purge system must be operating prior to the LHy tanking
for thirty mlnutes. If tanking has begum, and the He purge system fails,
the compartmentg would probably contain 99.9% He. 0 would begin enter-
ing the interstage through the exhaust ports and leakage areas from the
outside atmosphere. Also, leakage from the propulsion system components
would begin to build up within the volume.

c. In-Flioht Monitoring, Detection, and Safing - The in-flight leak

monitoring system must provide for detection from fire-switch #1l to GSE
connection for post-flight tankage purging. The on-board systems must
be operational during the boost phase when the compartment pressures
will be rapidly changing and the docked phase which can last up fo seven
days in duration.

As the mated stages leave the ground, mixing through the leakage
areas is inecreased due to the movement of the shuttle., As the atmospheric
pressure decreases with altitude, the compartment pressures will corres~
pondingly decrease. Normal leakage from the propulsion system components
would be expected to vary only slightly upon increasing altitude. Con-~
stant_H2 leakage into a compartment wiph decreasing pressure would cause
‘an increasing percentage of Hy.

The ambient pressure drops below 0.15 psia (the combustlon limit
for hydrogen/oxygen mixtures) before separatlon of the boogter and orbiter
stages and at approximately 120 seconds from 1liftoff. The compartment
pressures willl reach this same pressures level at some increment after
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this time based on the venting rate out of the compartment into the
ambient. The most critical Inflight time period from a leakage stand~-
point are these 2 + At minutes from shuttle liftoff, since this is the
time period inflight in which leakage could result in a compartment fire
or explosion,

d, Post-Flight Safing - Post-flight leak testing is accomplished by ground
crews who will first unlead any propellants in the tankage and purge

all the gystems with dry helium. The compartment purge GSE will also

be connected for a series of compartment purges with dry GNs;.

7. Flight Svstem Hardware Approach

a, Masg Spectrometers - Two masg spectrometers are used redundantly

and are both located in the crew compartment. Each utilizes a sampling
line which extends the full length of the stage, with branch lines running
off this main sampling line for compartment sampling (Figure IV-7).

The spectrometer operates by sampling a gas through a small orifice,
the size of which is determined by the ambient pressure surrounding the
equipment. When the equipment is to be used over a wide range of ambient
pressures, the orifice size must be varied to be small for high pressures
and large for low pressures. To utilize both spectrometers Tredundantly,
a set of valves will be activated to switch the orifice size for atmos-
phere or in-space operation.

At the end of each branch line 1s 3 golendid valve which is controlled
by an electronic scanning or timing device which opens one valve at a
time. A vacuum pump will be necessary to evacuate the main sampling line
and to bring compartment gamples past the sampling port of the masg spectro-
meter, This is necessary forrthe atmospheric operation; for vacuum oper-
ation, the sampling line will be -evacuated to space by utilizing wvalving.

The massg spectrometers would be an instrument such as the Perkin-
Elmer unit utillized on the Metabelic Activity Experiment for the Skylab
Program, and would occupy approximately 500 cubic inches and which weighs
26 1bs. per instrument. The Perkin-Elmer unit is qualified for a Saturn
1-B launch environment and operating life of 30 days (720 hours). It
utilizeg 28 Volts - D.C. and providaes a 0-5 Volt output, It contains
a six detector unit which would be set-up for COy, 05, N2’ H,, H,0, and
He. This instrument would have to be calibrated after each %ligﬁt with
a calibration sample taken from a gas bottle.

The one limitation anticipated with the mass spectrometer system
isg the time required to cycle through from the aft compartment into the
instrument, Based on an assumed velocity in a sampling line of 40 feet
per second, it would require 4 seconds for a gas sample to be introduced
into the mass spectrometer frem the aft compartment. If the response,
clean-up, pump, valve signals and valve actuation times are added to this
sampling time, then the total time between compartment readings could be
in the range of 10seconds.
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b. Ultraseonic System - The on-board ultrascnic leak detection system
would consglst of contact sengors mounted directly to the propellant
ducting and pressurant tubing, probably together with directional micro-
phones of the scanning type to provide a broad coverage of those components
located in each compartment,

Leakage in pressurized systems may be detected by means of the
gsound energy generated in a fluid vortices which can accompany leakage.
The frequency of the leakage noise ranges from the audible to the ultra-
sonic. The ultrasonic component of the leakage noise is broadly peaked
at a frequency of 30 to 50 Kilohertz. A sensitivity of approximately
10”3 std cm3/sec. 1s anticipated, with the sensors bonded directly to
the component to be monitored for leakage, or directly to the ducting
near the component.

Based on an assumed locatlon of a sensor for every 5 to 10 feet
of ducting, the following number would be required:

@ Main propulsion ~ 44 sensors
® APS - 64 gensors
@ Air breathing propulsion -~ 18 sensors

All of the transducers for the same diameter line or same size
component could probably be alike; however, different types or cali-
braticong may be necessaxry for unlike components. Alse, it would be
{mportant to determine the characteristic noise signal for each component
without leakage under nominal operating conditions. The interference
noise can also be generated by a component upstream or downstream of
that component under observation and therefore, this noise must be pro-
perly identified to distinguish such interference from actual leakage.

The output of these 126 senSors wlll be monitored by a selector
switch controlled and monitored by the on-board computer.

Prior to implementation of the onboard ultrasonic leak detection
system, a technology program would be requlred to characterize the per-
formance of the system with cryogenic hardware with high background
acoustic levels,
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V. OCMS DESIGN CONCEPTS AXD CRITERIA

The study approach for refining propulsion OCMS requirements and
developing the OCMS design concept was defined in October and presented in
the October Monthly Progress Report, Figure V-1 depicts this approach in
flow chart form. The defined approach has been followed, with some
exceptions, during the remainder cf this period. Results of the trade-off
studies and analyses performed to date are presented in the following para-
graphs.

PROCESSING LOADS AND DATA BUS TRAFFIC

1. Critical Period Traffic and Processing

From the Checkout and Monitoring Analyses, estimates have Leen made
of the basic processing loads and data bus traffic for the most critical
periods in the mission., These periods are during booster main englne
start and during booster main engine shutdown and vehicle separation, To
make the estimates, the following data bus system was hypothesized.

a)
b)

c)

d)

e)

The basic data bus transmission formats are shown in Table V-1,

To command & DIU to some action (such as closing a valve) a four
byte command is sent and recirculated back to the CCC.

To obtain a measurement from a DIU (such as a line pressure) a
four byte command is sent to the DIU and recirculated. After an
appropriate time delay to allow the DIU to make the measurement,
a three byte data request is sent to the DIU which returns data
rather than recirculating the command (typically in a four byte
format).

To obtain the regularly scheduled engine controller information,
a three byte command is sent to the engine controller DIU and
the information is returned using as many bytes as necessary to
return that particular set of information. The information
sent from the engine controller is grouped by the frequency at
which it is sent (for example, all data.sent at a rate . of 10
times per second is sent in one transmission).

Where a grouping of information is possible this information will
be available in one transmission rather than requiring separate
transmissions, An example is the chamber pressure of the separ-
ation thrusters. One data request can obtain the chambexr pres-
sures of all separation thrusters controlled by any single DIU,
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The computer processing requirements were analyzed and it was
determined that for data bus cdhtrol, 37 CCC instructlons are required
to send a command to a DIU and 31 instructions are required to obtain
information from a DIU. Thus, to obtain a measurement from a DIU, a
total of 68 instructions must be executed to send and recelve the
commands and data, and verify the correctness of all transmissions.
The make-up of the 68 instructions is: -

. 5 d4nstructions to initiate a measure command
. 5 dinstructions to initiate the data retrieval command
. 12 instructions to handle the command Input/Output request

. 13 instructions to handle the data request Input/Output

« 20 instructions to receive the recirculated. command and
verify its correctness

. 13 instructions to receive the data and verify it was obtained)
from the correct source

The actual checkout programs are assumed to consist of,on the averag
20 instructions for each command given, or measurement taken., This is
based on having straight forward assembly language programs doing the
checkout function, It does not take into account any system overhead
which may be required by the CCC.

The data bus loading and processing requirements thus obtained are
shown in Figures V-2 through V-5.

The approach given above imposes the highest load on the data bus
of any system evaluated, This is because each logical data tramnsfer
requires 4 transmissions,i.e.,

CCC —®DIU setup for measurement

DIU —®CCC recirculation for verification
CCC—»DIU ask for c{ata

DIU —»CCC  send data

Also, since there is no set scheme of transmission, the processing
load is heavy as each message must be formatted each time it is sent.

Note, however, that this system gives complete overall flexibility
as any DIU can be contacted at any time., Also, it is the simplest in

‘terms of hardware required-as the DIU need only réspond to 1ts address

and requires no data buffer. The-CCC Data Bus Control is simply an
Input/Output device ~ not ‘a timing or multiplex device. Also, since the
address is checked on every transmission, the error detection techniques
will be the simplest possible. Thus, it 1s summarized:
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TABLE V-1

DATA BUS FORMATS

CCC to DIU
[— L— Parity (1 byte)
Data (0-7 bytes)
Function (1 byte)
Address (1 byte)

This format is sent to the DIU's for two reasons:

1) Command the DIU to some action (stimulate, perform a
measurement, self check, etc.); in this case the message
is recirculated back to the CCC in its entirity,

2) Request data (sent after.a DIU has had time to make a
measurement per a command); in this case the DIU returns
a data message as shown below,

DIU to CCC
t— L_ Parity (1 byte)
Data (0-32 bytes)
Address (DIU's own address, 1 byte)

This is the format used by the DIU's to send measurement data

to the CCC, and is also the format used to send information

from an engine controller via a DIU.
NOTES: Each byte is nine bits long; 8 bits data, 1 bit parity.

A DIU cannot inltiate a transmission, It must receive a
message from the CCC (of the top format above) which it will
respond to with the data it has to transmit,
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. Highest Data Bus Load

. High CPU Usage

. Good System Utilization
« Very Flexible Approach

« Least Hardware

2. Alternate Data Bus Approaches

Another approach 1s comprised of two data busses, a send bus and
a receive bus, The send bus transmits commands to the DIUs as before.
The receive bus is a multiplexed approach where each DIU has a time
slot during which it may transmit. This requires a clock line between
the computer and the DIUs. Fach DIU transmits in turn at the appropriate
. time and for some predetermined length of time. The processing would be
scheduled to work on new data as it comes in during the appropriate time
slot. The software would be the sawe for commands as before, but would
require less than half as much to receive a measurement. For measurements,
the overall processing and data bus load would be about 80% for that
shown in the previous case. For commands, the loads would be the same.

This system is summarized:

. Low Measurement Data Bus Load
y Medium CPU Usage

. Fixed System Schedule

» Restricted Flexibility

. Medium Hardware

A third alternative consists of providing the DIUs with interrupt
capability. The Interrupt would be a separate line from the data bus and
would give each DIU a unique interrupt into the CGC., Cowmbining the inter-
rupt with a comparator within the DIU would give a system with very low
data bus traffic on a simple data bus such as the one used in obtaining
the data rates given in Figures V-2 through V-5. This system would work
with the CCC sending a command to the DIU, reguesting a measurement and
issuing limits and/or expected value to the DIU, in cases where expected
values are variables or are adaptive, The DIU would respond by interrupting
when the data was obtained and would respond with its address unless the
measured value differed from that expected or exceeded the limit value, in
which case the measured walue would be transmitted to the CCC,
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The data bus load for measurements would be almost zero as compared
with the first technique shown. The command load would be the same,

In summary:

+ Lowest Data Bus Load

. Medium CPU Usage

+ DBest System Utilization
. Very Flexible Approach
. Most Hardware

3. Trend Data

Using the basic approach to trend data acquisition, recording and
processing presented in Section IV.C as a criteria, trend data requirements
are being identified and catagorized as to whether or not real-time trend
analysis is required. Estimates will then be made of the recording re-
quirements for trend data to be recorded for post-flight analysis and of
the processing loads for real-time analysis., Data compression will not
be employed, for reasons presented in Section IV.C.

B, MEASUREMENT ANALYSTS

A matrix analysis technique, described in the October Monthly Progress
Report, was tried as a means of determining the adequacy of measurements,
and to uncover unpnecesgary measurements, This technique appeared to work
well when applied to a fairly simple test case (Booster Hydrogen Conditioning
Subsystem), but became increasingly difficult to apply to subsystems of greater
complexity,

A similar technique, applied on a component basis for the main engines,
also showed merit and resulted in some reduction in main englne measurement
requirements, Results to date of the effort to reduce the quantity of measure-
ments indicate that the current criteria on degree of redundancy verification,
fault detection and isolation, trend detection and performance monitoring,
prohibit any further significant reduction. Therefore, it is concluded that
the present estimates of measurement quantities are reasonable for the assumed
baseline configuration, A relaxation in any of the above ecriteria would
allow a significant reduction irn the number of measurements,

From the preliminary Measurement List, measurement requirements were
summarized and used to prepare preliminary sensor criteria and to identify
applications requiring new sensor technology. Table V-2 presents the
current summary of quantities of measurements, itemized by measured parameter.
Some preliminary sensor criteria were developed and presented in the November
Monthly Progress Report, These are presently being modified to comply with
later study results, reported in paragraph C. below, and to incorporate
additional criteria.



TABLE V-2

MEASUREMENT SUMMARY

BOO STER ORBITER

MATN A/B | LEAK | ALL MAIN | A/B LEAK |ALL

ENG ENG | DET'N| OTHER | TOTAL || ENG ENG DET'N [OTHER | TOTAL
PRESSURE 476 63 156 695 68 27 115 210
TEMPERATURE 140 63 32 48 283 20 27 6 53 106
DISCR. POSIT'N 238 21 64 382 705 52 9 12 263 336
ANALOG, POSIT'N 140 9 149 22 22
QUAN. GAGING 14 7 16 37 2 3 18 23
FLOW RATE 28 7 2 37 & 3 7
FLAME DET'N 42 14 56 6 6 12
VIBRATION 56 28 252 15 351 8 12 126 24 170
CURRENT 42 14 47 103 6 6 43 T 55
SPEED 56 21 15 92 8 9 15 32
VOLTAGE 42 446 488 18 292 310
GAS ANAL, 32 32 48 48
TOTALS 1,232 280 380 |[1,136 3,028 196 120 192 823 1,§31

*Does not include redundancy

LT-4
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C. SENSOR TECHNOLOGY

Analysis of the checkout and monitoring requirements of the propulsion
gystems has resulted in the ldentification of some checkout, monitoring and
testing requirements which are not readily met by application of existing
sensors or developed sensor concepts with onboard equipment, The options
available in these problem areas are as follows:

1. Modify the Design Reference Model to eliminate the problem areas;

2, Accomplish the required function by a technique other than generating
new sensor technology, for example, by utilizing other types of measure-
ments in conjunction with additional processing and/or operating procedures;

3. Develop the required technology;

4. Eliminate the requirement on the basis that the disadvantages of
any other approach outweigh the penalties incurred by not accomplishing
the function;

5. Accomplish the function through ground testing with ground support
equipment, rather than with onboard equipment.

In general it is difficult to identify the appropriate option for each
preblem area, This results from the fact that a full evaluation of the im-
pacts of appropriate changes to the Design Reference Model is beyond the
intent of this study, and because in some cases, initial elements of the sensor
technology programs would have to be conducted to show that the concepts were
feasible, We have, therefore, emphasized Option #2, where possible, in resolv-
ing the problem areas. If this option is not applicable, and if a sensor
technology concept has been shown to be feasible, that concept has been selected
as a recommended approach, In the case of the wain engine, the design evalua-
tion from the baseline during the course of the Phase B program will probably
eliminate at least one of the problem areas,

Our finalized recommendations in this area will be presented in the
January Monthly Progress Report, The problem areas and corresponding interim
recommendations are presented in Table V-3,
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TABLE, V-3
SENSOR TECHWOLOGY RECOMMENDATIONS

Problem Areas

f ‘ -
Flowmeter .Calibration Check

Main engine oxidizer flowmeters -~
may drift with repeated use be-
cause of bearing wear, etc, Phys-
ical installation problems plus
additional components makes use of
onboard pneumatic flowmeter spinup
system undesirable, Use of GSE
with ground calibration tests may
impact maintenance timelines,

Sblgndid,Valve Position

Valve closed or valve open indi-
cations; possible requirement for

opening and closing traces for
trend data,

Small Differential Pressure at
High System Pressure

Used in conjunction with other
parameters for fuel flowrate
measurement in main engine,

Lube 0il Condition Sensing

Detect contaminant and residue
build~up in lube o0il; also, metal
particles indicative of bearing
deteriation (airbreathing englnes).

a,.

Comments and
Recommendations

During inflight start and shutdown
transients, compare flowmeter out-
put with nominal reference signature,
Also, compare flowmeter data with
flowrate derived from LPOTPA inlet
and discharge pressures, RPM and
inlet temperature, If disagreement,
use chamber pressure as referee.

Change DRM to eliminate flowmeters;
use pump parameters instead,

Approach is influenced by valve

design, usage and operating character=

istice and, therefore, must be eval=~
uated for each specific valve design
in conjunction with its required
function; evaluations must include
impacts on data management system,
Recommend technology program to
evaluate sensing schemes such as
gignature coils, microswitches,
proximity probes, etc,

Use pump parameters as alternative
approach for flowrate measurement,

Conduct transducer technology program,

Operations will probably require
drain, flush and purge of lubrica-
tion system after each flight to
preclude build~up of oil residue on
lubricated surfaces during exposure
to low pressures during next flight,
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TABLE V-3 Continued

Problem Areas

Check Valve Failure Detection

Detect failure of check valve
either to open or to reclose, or
detect internal leakage,

Ignition Detection

Gas generator and preburner igni-
tion detection,

Detection of Inedlpient Failures
in Bearings

Onboard Leak Detection

Onboard Gas Concentration
Monitoring

a,

Comments and
Recommendations

Utilize pressure measures in con~-
junction with operating procedures
to determine open or closed status;
uge ultrasonic leak detectors for
internal, leakage monitoring.

N LY
Recommend technology program to
evaluate such approaches as infrared
detector with view window,

Recommend technology program to
agsess such approaches as acoustic
emigsion, deflection measurements,
ete,

Use procedures with available sensors
where possible,

Recommend technology preogram to
establish operating characteristics
of ultrasonic detectors with cryo-
genic hardware at high acoustice
levels,

Recommend use of cabin gas analyzer
(mass spectrometers) for Hy - 07 con-
centration monitoring, Development
required to incorporate appropriate
detector, to provide EMI shielding
(if required) and possibly to modify
emitter to enable operation in ascent
environment,
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D. GSE REQUIREMENTS

From the Checkout and Monitoring Requirements Analysis, the LRU
Mzintenance Procedures, and the FMEAs, all ground operations were Identified.
Those operations were then analyzed to determine equipment requirements,
considering servicing as well as checkout requirements., Equipment require-
ments not suitable for onboard implementation, because of being used solely
for operations on equipment removed from the vehicle or because of cost,
weight, or technology considerations, were then tabulated. Where these
requirements were associated with specific LRUs, matrices were prepared to
show this relationship. These matrices are presented in Table V-4, which
starts on page V-29,

The large majority of identified GSE is required solely for handling
and ground servicing functions,having no relationship to checkout or per=
formance evaluation. The list of GSE associated with checkout and perform~
ance evaluation is relatively short and is as follows:

Leak Test Equipment (for test of fluid line conmnections after
LRU replacement - required only 1f£ onboard leak detection
system does. not ‘provide sufficient accuracy for this function)

Optical Test Equipment (for damage inspection and airbreathing
engine ignition plug spark inspection)

Vacuum Test Equipment {for vacuum check of replaced propellant
lines)

Data Processing System, with tape drive compatible with onboard
tape (for generation of computer program source tapes, for con-
version of digital data tapes to analog recording, and for pro-
cessing of data tapes for statistical data)

011 Sampling and Contamination Apnalysis Equipment (for analysis of
lubricants and hydraulic £luids)

LRU/DIU/Sensor Simulation Equipment (for substitution in place of

electrical output or input elements to simulate interface signals
in tests to verlfy or extend fault isolation)

E, OCMS CONCEPT DEVELOPMENT

In attempting to combine implementation options for individual OCMS
functions (semnsing, signal conditioning, signal conversion, signal routing,
etc,) it became apparent that the number of possible combinations of imple-
mentation techniques and distributions (in sensor, in DIU, in engine controller,
ete,.) would reach unmanageable proportiocns., Eleven different ways of handling
simple off/on sensor output signals alone were identified. Options for
handling more complex sensor outputs are much more numerous since more functions
(demodulation, A/D conversion, reference modeling, etc.) become involved.
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An alternate approach is to define a baseline integrated OCMS. concept
and iterate that baseline to evolve the best configuration with respect to
cost, weight, reliability, data bus traffic, processing loads, etc. To this
end, a baseline allocation of measurements to DIUs was established for the
Orbiter and a baseline DIU configuration was defined. The baseline measure-
ment/DIU allocation is based on the following premises:

1) Physical location of DIUs near associated LRU of the propﬁlsion
systen,

2) The same degree and type of redundancy in DIUs as provided for
associated LRUs of the propulsion system, where redundancy exists,

3) Utilization of economical combinations of already identified DIUs
to redundantly service non-redundant LRUs.

On this basis, 20 DIUs (in additlon to engine controllers) were identi-
fled for the orbiter propulsion system as follows:

Equipment Serviced DIU Numbers Redundancy Arrangement

Forward RCS engines 1, 2, 3 Each DIU services one RGS engine
and forward APS ’ per engine module for a total of
Propellant Management 5 engines per DIU., In addition,

each DIU services all of the for-
ward APS Propellant Management
equipment in a triply-redundant
arrangement.

Aft RCS engilnes and 4, 5, 6 Same as for DIUs 1, 2, and 3 for

APS Propellant aft ‘equipment,

Management

OMS engines 7, 8 Each DIU services all 4 of the OMS
engines on a primary/backup basis.

APS Propellant 9, 10, 11 Each DIU services one section of

Conditioning the triply redundant subgystem,

Airbreathing engine 12, 13, 14 Eack DIU services one section of

propellant the triply redundant subsystem.

management . All three service the quad feedline

valves to the engines on a primary/
backup basis.

Aft main propulsion 15, 16, 17 Each DIU services the same parameter
- in a triply redundant arrangement.

Forward main 18, 19, 20 Samer as for DIUs 15, 16, and 17
propulsion for aft equipment,
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This baseline Orbiter DIU allocation ls shown Iin diagram form in Figure
V~6. The quantities of measurements of different types serviced by each DIU
are shown within the blocks representing the DIUs, "L" indicates position
measurements; "P" pressure; "T" temperature; "V'" voltage; "I" current; "O"
other, and "Q" quantity,

Detailed measurement allocations to DIUs are included in the measurement
requirements tabulation, Appendix E.

The baseline DIU configuration contains all functions necessary for
conditioning, converting, and routing the sensor outputs (as defined by the
sensor criteria) te the data bus and for converting commands received over
the data bus to excitation signals for centrol functions., A gimplified
block diagram, representing the baseline configuration of DIUs 1, 2, and 3
is presented in Figure V-7.

The electronic engine controllers are considered to be the DIUs for the
main and airbreathing engines, Figure V-8 depicts the baseline functional
requirements for the alrbreathing engine controller.

The OCMS approach to self=-test is to perform self~test during readiness
verification except when necessary to isclate a fault between & DIU and an
IRU being serviced by that DIU, The DIU design 1s such that wvery little data
transfer over the data bus and negligible computer processing will be required
to initiate the sélf-test or recognize the test result, With this approach,
the procesalng loads and data bus traffic added by OCMS self=test are negligible,

F, QOGMS CONCEPT FINALTZATION

During the next reporting period, the OCMS system design concepts will be

finalized, The principle areas of discussion and the objectives to be pursued
in those areas are as follows:

1. Data Bus and Processing Definition

The sslected data bus concept will be defined. That definition will
.1nclude a description of operation, basic bit rate, redundancy require-
ments, interrupt structure, data formats, and maximum traffic, The final
processing requirements will be defined, reflecting the selected data
bus and the recommended solutions to the principle hardware-software

tradeoffs; eg, hardware comparators vs soffware evaluation of reported
data. '

2, Bepsor Criteria

The final sensor criterila format will be presented with a number of
examples of recommended sensors for gelected classes of measurements.
Further definition and direction will be supplied for the sensox problem
areas defined in paragraph C. above.
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3. Measurement Requifements and Analvysis

Finalization will consist of identifying the trend data requirements
and procedures, updating sample rates as required, and providing additional
clarity Iin the area of data usage,
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FIGURE V-3
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FIGURE V-5

BOGSTER PROCESSING AND DATA BUS TRAFFIC DURING MATH ENGINE SHUIDOWN AND SEPARATION
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SUBS
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GRCUND SUPPORT EQUIPMENT MATRlX
far
A. MAIN PROPULSION SYSTEM
LRU
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Recirc. Regulator

{Cont'd)

LRU

Booster Nazzle

Coolant Control Valve

Interconnact Lines

TCA Igniters

Interconnect Lines

Gimbal Actuators

Engine Controller

Wire Harness

Instrumentation Harness
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Nozzle Deployment Kit
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TABLE V=4

for
A, MATN PROPULSION SYSTEM

GROUND SUPPORT EQUIPMENT MATRIX

NUMBER

17-3/0
13-3

19-8/0
20-3/0
21-5/0
22-B/0

23-B/0
24-8/0
25-B/0
26-B/Q
27-Bf0
Z8-Bf0
29-B/0
30-B/0

31.0

32-0

Main Engine Subsystem

; 0 = Orbiter; MES

Booster

B =

1EGEND:
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1-B RCS Engine FPackage X X X X
1-B SEP Engine Fackage X X X X
1-0 RGS Engine Package X X hd %
1-0 oMS Engine Package X X X b4
2-B/ 0 BMS G02 Filter X X X
3-B/0 FM8 GH, Filter X X X
4-B/0 M3 GH2 Solenoid Valve X b X
5=8/0 PMS G(}2 Solenoid Valve X X X
6-3 HCGS GI—[? Check Valve Package X X X
6-0 PCs Gﬁzcheck Valve Package b4 X X
7-B HCS GG GH2 Propellant Valve Pkg, X X ¥
7-B ocs GG GH,, Propellant Valve Pkg. X hid %
7-B APU | €G GH, Propsllant Valve Pkg. X e X B
7-0 PCS GG GH2 Propellant Valve Pkg. z X X
8-38 HQS | 0G @0, Fropellant Valve Plg. X X 4
8-B ocs GG GO2 Propellant Valve Pkg., X X X
. 8-B APTT GG GDZ Propellant Valve FPkg. X X x
§-0 PCS GG GO, Fropellant Valve Pkg. x X b
4-B HCS I.Hz Check Valve Pkg. X x %
10-B HGS Turbopumps X X. x x|k
1i~B HCS Turbopump Suction Valve Pkg. X b'e X
16-0 PC5 L;Hzl’ump Sueticon Valve Pkg. e x x
i2-B HCS GG Heat Exchanger Package X X X .
13-3 HCS LH, Solenoid Valve Package b4 X %
14-B HCE Gas (fenerator X X X
TEGEND: RCS = Reaction Control Engine Subsystem HCS = Hydrogen Conditioming Sﬁbsystem B = Booster
SEF = Sepatatien Fngine Subsystem 0CS = Oxygen Conditiening Subsystem 0 = Orbiter o,
OMS = Grbital Maneuvering Fnglne Subsystem APY = Auxiliary Power Unit FoLbour FRARY ‘Z
PMS = Propellant Mznagement Subsystem PCS = Propellant Conditioning Subsystem .
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14-8 Cs Gas Generator X X
14-~B APU Gas Generator X X
14-0 PCS Gas Generator X X
15-B ocs Compressor Inlet Valve Pkg. X X
16=B OCs Turbocompressor b4 X X
17-B 0Gcs GO7 Check Valve FPackage X X
18-0 PCS | GO, Check Valve Package X X
18-B HCS TPurhine X b4
18-B 0cs Turhkine b x
18~B ADY Turbine X X
15~0 PCS Turkine X X
18/22-0/B | FMS G-Hg Mapual Valve £ X
21/1%-0/B | PM3 GDZ Manual Valve £ x
19/23-0/B PMS GHZ Relief Valve X ¥
22/20~0/B | PMS GO2 Relief Valve X X
20/24-0/B | DM5 e, GD/Solenoid Valve FPkg. h:d X
23/21-0/B | PMS G02 QD/Solenoid Valve Pkg. X X
25-B/0 PHS G0, Begnlator Fkg, X X
26-5/0 PMS GHZ Regulator Pkg. b4 X
9-.0 PCS IH2 Pump X X X
10-0 PCS ]f;(l‘:2 Pump X h:4
11-0 PCS L(J2 Heat Exchanger X X
12-0 PCR LH2 Heat Exchanger X X
i3-0 BCS Power Train Unit x
17-0 PCS L02 Pump Suction Valve Pkg, X X K
TEGEND: RCS = Reaction Gontrol Engine Subsystem HCS = Hydrogen Conditioning Subsystem B = Booster
SEP = Separation Engine Subsystem (OG5 = Cxygen Conditioning Subsystem 0 = Orbiter
OMS = Orbital Maneuvering Engine Subsystem APU = Auxiliary Power Unit
PMS = Propellant Management Subsystem PC8 = Propellant Conditioning Subsystem
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Al rbreathing Propellant Management Subsystem

APR=Airbreathing Pressurization Subsystem

TFE=Turbofan Engine Subsystem

APM:

Inlet Valve Pkg,

Vect Valve Pkg.

Vent Disconnect Goupling
FLIL valve

Pressure Regulator Package
Pressutlzation Valve Package
GH2 Valwve Package

LH2 Valve Package
Turbopump Assembly

Check Valve Package

Fuel Controel Assembly
Electronic Controller

Fill Coupling
 Pressurization Fllter

APM | Fuel Dist, Valve Plg,
APM | Gas Generator
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AP
APM
APM
APM
APM
APR
APR
APR
ATM
|APM | GOZ Valve Package
AP
APM
ATH
TFE
TFE
B=Booster
O=Grbiter
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DESCRIPTTON

(Cont'd)

Scavenge Pump

¢il Boost Pump

¢il Pressure Pump

0il Btrainer

Boost Pump Relief Valve

Boost Pump Regulator Valve

Pregsurant Regulator Valve

Zerp-G Pressurization System

Ignition Exciter

Ignition Gompositor

Tgnition Plug

S0lid Start Cartridge

Fan

High Pressure Compressor

SUBS

TFE

TFE

TFE

TFE

TFE
TFE
TFE

IFE

TFE
TFE
TFE
TFE

TFE

TFE Low Presgsure COmpregsoT

TFE

TFE Low Pregsaure Turhine

TABLE V-4
GROUND SUPPORT EQUEIFMENT MATRIX
for
G. ATRBREATHING PROPULSION SYSTEM
TRU

WUMBER
4-Bf0
5-B/0

6-3/0
7-BfO

8-8/0

9-8/0

16-B/0
11-0

12-8/0
13-B/0
14-B/0
15-B/0
N/A-B/O

N/A-B/0

N/A-B/O

N/A-B/O

Booster

B=]

LEGEND

0=0rbiter

TFF=Turbofan Engine Subsystem
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Martin Marietta Corporation, Spacemaster -~ A Two-Stage Fully Reusable
Space Transportation System, Phase A Final Report, MCR 69-36, Dec. 1969.

McDonnell Douglas Corporation, Space Shuttle Program - Phage B Sysﬁems
Study - Design Data Book, Volume I Baseline, Part 1 and 2, June 1970.

Garrett Corporation, Turbipe Engine Lubrication and Moving Parts Checkout
Technical Report AFAPL-TR-68-136., Wright Patterson AFB, OChio.

Martin Mariletta Corporation; Flight Packaged OCS Development Unit Design
Review Report, MCR-69-317, NAS9-8000. June 1969.

NASA-MSFC, RFP - Space Shuttle Auxiliary Propuision System Definitiom.
February 17, 1970.

LMSC, Final Report - Systems Safety Guidelines of New Space Operations
Concepts - Volume I - Executive Summary. Contract NAS8-25576, July 1970.

IMSC, Final Report - Systems Safety Guidelines of New Space Operations

Concepts, Volume II - Detailed Guidelines by Subsystems. Contract NAS8-25576,
July 1970.

IMSC, Final Report - Systems Safety Guidelines of New Space Operations
Concept, Volume IIT Detailed Guidelines by Mission Phase and Event.
Contract NAS8-25576, July 1970.

Douglas, Instrumentation Program and Components Tist for the Saturn S-IV-B.

NASA-MSFC, RFP -~ Space Shuttle System Program Defimition (Phase B).
February 1970,

Speith, C. W, and Woodis, W. R. - A Fully Reusable Space Shuttle Concept
and Technology Requirements, ASME Paper, August 1970.

General Dynamics, Space Shuttle - Final Technical Report, Volume VII -
Integrated Electronics., Report No. GDC-DCB69~046, 31 October 1969

Martin Marietta Corporation, Integrated Electronics System for Space
Shuttle Vehicle, October 1969.

North American Aviation, Apollo Measurements Requirements - Test Fixture
2A - Block II, NAS9-150, 15 September 1966,

NASA - Lewis, RFP ~ Space Shuttle Airbreathing Engine - Methane Fuel
System, March 1970.
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32,

McDonnell Douglas Corp. - Saturn S-IVB Program Propulsion System
Components Status Report, Vol. I Summary.

Aerojet Liquid Rocket Co. Space Shuttle Main Propulsion Engine
Interface Data, 1 July 1970.

North American Rockwell Corp., Design and Operational Interface Data
for the Rocketdyne Reusable Space Shuttle Engine. 1 April 1970,

Pratt & Whitney Aircraft. BSpace Shuttle Engine Baseline Configuration
Preliminary Desien, 16 April 1970.

Parker Hannifin Co. - Component Design Data, 22 June 1970.

Martin Marietta Corporation - Task II High Pressure Auxiliary Propulsion
Systems (Technical Proposal), P-70-33 (Folder 1), March 1970.

Rocketdyne - Evaluation and Demonstration of the use of Cryogenic
Propellants (02-Ho) for Reaction Control Systems. Volume I Final Report,
NASA-CR-72176. Contract NAS3-7941:

Rocketdyne ~ Evaluation and Demonstration of the use of Cryogenic

. Propellants (0s-Hp)_for Reaction Control Systems. Volume II Final Report,

NASA-CR~72244, Contract NAS3-7941, June 1968.

North American Rockwell Corporation -~ Propulsion System Components for the
S-II Stage of Saturn V - Component Manual, October 9, 1969

Bell Aerosystems - Auxiliary Propulsion System Technology for the Space
Shuttle, October 1969. :

IBM Federal Systems Division - Wright-Patterson Air Force Base, Ohio =~
On-Board In-Flight Checkout - Technical Report AFAPL-TR-67-39. April 1967.

Martin Marietta Corporation - Space Shuttle Propulsion Systems - Onboard
Checkout and Monitoring System Development Study - (Technical Prbposal),
P-70-70 (Folder 1), May 1970.

Aerojet-General Corporation - Space Shuttle Vehicle Auxiliary Propulsion,
4 November 1969,

Aerojet-General Corporation - Space Shuttle Vehicle Auxiliary Propulsion,
4 November 1969.

General Electric - Model Specification E1134 Engine, Aircraft, Turboiet,
J85-GE~17A, 12 October 1966.. "

General Electric - Candidate Study Engines for Advanced Attack Aireraft
(Confidential) April 1970.
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General Electriec - Report, Preliminary Airbreathing Engine Requirements,
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Turbine Engine and its Operaticn, June 1952.
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Rolls Royce - Engineering Liaison Report RB 162-86 Booster Engine Instal-
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S.A.E. Reinforced Plastics Design, Rolls Royce RB 162 Lift Engine by
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Engine Presentation ~ January 1970.

Lockheed - Georgia Company - Development of C-5A Propulsion System Monitoring

by M. S. Edwards and A, P. Pennock (Partial ATAA Paper).

General Electric Co. - ASME Publication 67-WA/FE-33, Fluid Control of a J79
Turbojet Engine by R, K, Rose and W, L., Phipps.

General Electric Co. Letter to Arlen Reichert, MMC, dated 5 May 1970,
Dual Control System for Space Shuttle Engine,.

‘Garrett Corporation - ASO-TDR-62-842, Turbojet Engine Analyzer System Study,

March 1963.

AFAPL-TR-62-88, Turbine Engine Checkout, by R, F. Barrett

AFAPL-TR-68~136, Turbine Engine Lubrication and Moving Parts Checkout,
by H. K. Ziebarth.

Bell Aerosystems - Regverse Flow High Pressure Rocket Engines for Space
Shuttle ACS, December 1969.

Bell Aerosystems - Propulsion Technology for a Manned Space Station,
Report No. 8500-945011, November 1969.

Consolldated Controls Corp. - Electro Mechanical Space Hardware Capgbility,
July 1970,
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67.

McDonnell Douglas Astronautics Company - Space Shuttle Program Ground
and Logistics Operations Desien Mote, July 1970.

Sperry Gyroscope Gompany - Development of Launch Vehicle Malfunction
Effects Model, NASA Contractor Report CR-288, August 1965.

Aerojet Liquid Rocket Co. ~ Schematicg and Drawings of the ACPS Engine
Components, August 1970.

Aerojet Liquid Rocket Co. - OCMS Study; LRU Anaiysis and Preliminary
Maintenance/Checkout Procedures, August 1970:

Martin Marietta Corporation - Shuttle Cryogenic Supply System Optimization
Study, (Technical Proposal), P-70-78 Volume I, June 1970

General Electric Co. - Engine Condition Monitoring - Catalog of Vibration
Monitoring.
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8/24/70). ,

Pratt and Whitney Aircraft Space Shuttle Coordination Sheet No. 3A-5 -
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Monthly Progress Report No. 1 for July 1970 (Received 8/25/70).
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Raldersten, H. L., Incipient Failure Detection in Bearings, American
Society for Nondestructive Testing, 28th National Conference, 1968.

Baldersten, H. L., The Detection of Incipient Failure in Structura] Material
Samples, Air Transport Association Non-Destructive Testing Subcommittee
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NAA, Apollo Training, Block IT CSM Propulsion System, August 1963, by
W. F. Green.
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NAS 10-7258,




83, Moses, Howard J., Computerized Airborne Integrated Data Systems, AILAA
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APPENDIX B

FAILURE MODES AND EFFECTS

ANALYSTS DATA SHEETS



This appendix 1ls reserved for the Failure Modes and Effects
Analysis Data Sheets, formerly published in MCR-70-274 (Issue 1),
Quarterly Progress Report for July - September, 1970. The data
sheets will be included in the final repert.




APPENDIX C

MATNTENANCE PROCEDURES
FOR THE MAIN, AUXTLIARY
AND AIRBREATHING PROPULSION SYSTEMS



The maintenance procedures for the propulsion systems' Line
Replaceable Units (LRUs) were published im MCR-70-306 (Issue 3), Monthly
Progress Report for Qctober, 1970, Typical examples are presented
herein, and the complete set will be republished in the final report,




MAINTENANCE -PROCEDURE -

LRU_ (1) LD, Tauk Vent Package

LRU @ LH, Tank Vent Package
'

SYSTEM -~ Booster and Orbiter iain Propulsion

SUBSYSTEM ~ Propellant ilanagement

ASSEMBLY - Tank Vent

COMPOHERT ~ N/A

TASK TIHE - 3 hours

SPECIAL CONSIDERATIONS - Vent Subsystem to Ambient Pressure

PROCEDURE
1, REMOVAL
a, Remove access panels to forward region,
b. Install contamination protection equipment around valve,
cy Install valve removal equipment,
d. Disconnect electrical cables; sensors, valve flange retaining
bolts to vent line; valve flange bolts to LOX and LH, tank,
e, Remove valve, and all seals,
f, Take swab samples per contamination procedure,
g« Cap 21l line openings and valve openings.
2. REPLACEMENT
a, Remove all protective caps.
b. Take swab samples.
c, Install valve seals; valves and bolt-up both ducts,
d. Connect electrical cables and sensors.
e, Remove all GSE,
f, Install safety wire and perform visual inspection of area.
3. RETEST
a. Perform electrical checks,
b. Perform valve leak check,
c, Perform valve functional check through main system computer,

d.

Checkout of sensors.



STSTEM

SUBSYSTEN

Cc-3

T,

MAINTENANCE PROCEDURE .

LRU (2) LO, Tank Isolation Valve

LRU (3) Ld,, Tank Isolation Valve
e e

-~ Booster and Orbiter Main Propulsion

= Y¥ain Propellant Management

ASSEMBLY - Distribution and Feed

COB{PONE;\JT - ;I-|2.2|2 and 1020712

TASK TIME = 4 hours

SPECIAL CONSIDERATIONS - Insure system is purged and vent to ambient,

PROCEDURE
1, REMOVAL
a, Remove access doors,
b. Install contamination protection equipment around valve,
c, Install valve removal GSE and duct supporting fixture,
d. Disconnect electrical cables, sensors, valve flange
retaining bolts to LOX engine distribution ducty valve
flange bolts to tauk sump. )
e, Remove valve and all seals,
f. Take swap samples,
g, Cap duct opening and sump opening.,
2, REPLACEMENT
a, Remove all protective caps.
b, Take swap samples.
¢, Install valve seals; valve and secure both flange ends.
d, Connect electrical cables and sensors,
e, Remove all GSE.
f. Install safety wire and perform visual inspection,
3+ RETIEST
a, Perform electrical checkout,
b, Perform valve leak check,
¢y Perform wvalve functional checkout through main system
computer,
d. Checkout of all sensors.
e. Checkout of built-in relief wvalve,



SYSTEM

SUBSYSTEM

MAINTENANCE PROCEDURE

LRU (Z) L0, Prevalve

- Booster Main Propulsion

- Main Propellant Management

ASSEMBLY - Oxidizer Feed

COMPONENT - 1.,2,1.,2

TASK TIME - 3 hours

SPECIAL CONSIDERATIONS ~ Insure system is purged and vented,

PROCEDURE
1. REMOVAL

a, Remove access panels to rear base region,

b, Install contamination protection equipment around valve,

¢, Install valve removal equipment.

d. Discomnect electrical cables; sensors; valve flange
retaining bolts to engine suction duct; valve flange
bolts to .oxidizer feed ducting,

es Remove valve, and all seals.

f. Take swab samples per contamination procedure,

g. Cap all duct openings.

2. REPLACEMENT

a. Remove all protective caps,

b. Take swab samples.,

¢, Install valve seals; valvés and bolt=-up both ducts.

d, Connect electrical cables and sensors.

e, Removal all GSE,

f. Install safety wire and perform visual inspection of area.

3. RETEST
a, Perform electrical checks,

b,
Ca
d.

Perform valve leak check,
Perform valve functional check "through main system computer.
Checkout of sensors.



MAINTENANCE PRQOCEDURE

LRU (g) . (i), Booster/Orbiter LH,  Fill Valve

F-4

LRU 6@ . (ia Booster/Crbiter LO2 Fill Valve

SYSTEM = Booster and Orbiter Propulsion

SUBSYSTEM

« Main Propellant Management

ASSEMBLY -~ Fill and Drainm

COMPONENT - N/A

TASK TIME = 3 hours,

SPECTAL CONSIDERATIONS ~ Insure valve is purged.,

PROCEDURE
1. REMOVAL
a. PRemove access panels to lower aft region,
b. Install contamination protection equipment around valve,
c. Install valve removal equipment,
de Discomnect electrical cables} sensors; valve flange
retaining bolts to fill and drain lines.
e, PRemove valve, and all seals,
E. Take swab samples per contamination procedure.
g+ Cap all line openings and valve openings.
2, REPLACEMENT
a. Remove 2ll protective caps.
b, Take swab samples.
c. Install valve seals; valves and bolt-up both ducts.
d, Connect electrical cables and sensors.
e, Remove all GSE, .
£, Install safety wire and perform visual inspection of area,
3. RETEST
a. Perform electrical checks,
b, Perform valve leak check,
¢, Perform valve functior check through main system computer,
d, Checkout of sensors,



APPENDIX D

CHECKOUT AND MONITORING

REQUIREMENTS ANALYSIS
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This appendix replaces the Checkout and Monitoring Requirements
Analysis, Appendix D of MCR-70-274 (Issue 1), and MCR~-70-306 (Issue 3),
A conversion has been made from a subsystem-by-subsystem analysis of
the orbiter stage to a detailed phase~by-phase analysis to improve the
continuity of the previous analysis and to include GSE requirements
and the detailed measurement requlrements, The result is a step~by-
step sequence for a nominal mission, including the values expected for
a given measurement at a given time, and justification for the required
measurements,

This task was accomplished by taking the previous analysis and
molding the activities of each subsystem during a given phase into a
cohesive phase analysis. This phase analysis was then evaluated against
the subsystems requirements documentation, This procedure was followed
through each mission phase., F¥Finally, the detailed operations of the
tasks that were indicated in the phase~by-phase analysis were added,

Glossary of Symbols:

Lo B B I o B
L]

ELEMENTS USES
= valve R = readiness
= line 5 = status
.C. = engine controller M = moenitor
F. = turbofan C = control
R. = thruster C/0 = checkout
«C. = thrust chamber
CA = fuel control assembly
LA = jube assembly
G = gas generator
PT = power train
TP = turbopunp
FM = flowmeter
FH = fuel heater
H = heat exchanger
c = coupling
T = tank
GOV = L02 wvalve

GFV = LH2 wvalve

EFV = engine fuel wvalve
IGN = ignition

1)) = turbine .

8C = gtart cartridge
CL = clutch

P = pump

FD = flame detector
COMP = compartment
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ORBITER

I. FERRY PREFLIGHT

PRECEDING PAGE BLANK NOT FILEZE
1. Counect the Ground Power GSE.

2. Power up OCMS.
3, Perform an OCMS self-~check, including engine controllers.
4, Power up all propulsion systems.

a) Make the following MPS readiness checks.,

EXPECTED
PHASE STEP FIEMENT MEASUREMENT SAMPLES USE VALUE
F.P. 4 V-1 LOIV-1 1 R Closed

V-2 LOIV-2

-3 LOVV-1

V=t LOVV-2

V-5 LOVY-3

V-6 LOVV=4

v-7 LOFV-1

V-8 LFIV-1

v-9 1LFIV-2

v-10 LFTVV~1

v-11 LETVV-2

V=12 LETVV-3

v-13 LFTYV-4

v-14 LFFV-1

v-19 LOPCV-1

V=20 LOPCV~2

V=21 LFPCV-1

V=22 LFPCV-2

V=23 LOLV~3

V24 LOTVV-1

v-25 LOTVV-2

V-26 LFIV-3

v-27 LEFIV~4

V-28 LFTIVV~5

V=29 LFTVV=6

V=30 LFTVV=7

V=31 LFTVV-8

V=32 LOPV-1

V-33 LOPV-2

V=34 LFPV-1

V-35 LFPV-2

c-1 LOFC-1

¢-2 LHC-1,2

c~3 LETVC~1

C-4 LHC~3,4

¥ ¥ c-5 LEFC-1 \j Y v

F.P. 4 C=6 THO-S A 1 n At
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FERRY PREFLIGHT (Continued)

EXPECTE
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
F.P. & c-8 LHC-7,8 1 R Closed
C~11 LFVC~1 Closed
T=3 PFT-1 19 PSTIA
T=-5 PET-2
T-6 PE£T~3
T-1 PoT~1
T-2 PoT-2
T-4 PoT-3
L-17 PolL-2
L.-20 PfL-1
L-21 PEL-4
Cc-5/v-14 P£fF-1
C~-1/V~7 PoF-1
L-8 P£S~-1
L-9 P£5-2
L~3 PoS-1 y
L-4 PoS-2 19 PSIA
Tl QoT-7 UNC
T4 QoT-~8
=4 QoT~9
T=-5 QfT~4
T-5 QfT-5
T-5 QfT-6
T-6 QfT-7
T-6 QfT-8
T-6 QfT-9 UNC
T~5 T£T-2 AMBTENT
T=6 TET-3
T-4 ToT-3
L-20 Tfl=-1
L-21 TEL~4
TfL-5
Y v L-17 TolL-2 Y Y
F.P. 4 ToL~4 i R AMBTENT
b} Perform main engine readiness checks. (Include Gimbal Locks & Ig
e) Verify all main engine covers installed.
Make the following APS readiness checks.
F.P., 5 PolL~8 1 R 19 PSIA
Pol.~9
P£fL-9
PEL-10 19 pSIA
T,C.-(1-37) LBIV-(1-37) 1/valve=37 Closged
T.C,~(1-37) LMBV-(1-37)
T.C.~(1-37) LIOV-(1-37) 1/valve=37 Closed
F.P. 5 T.C.-(1~-37) VII-(1-37) 1/T.C.=37 R ov
F.P. 5 T.C.~(1-37) LIFV-(1-37) 1/valve=37 Closed



FERRY PREFLIGHT (Continued)

: : _ . EXPECTED
PHASE STEP ELEMENT MEASUREMENT " SAMPLES SE VALUE
F. P, - 5 V-36 LOPV~3- 1 R Closed
V-37 LOPV-4
V-38 1.OPV-5
V=39 L.OPV=6
V=40 LFPV~3
V=4], LEPV~4
V=42 . LFPV-5
Vi3 LFPV~-6
C-9 LOFC~2
C~10 LFFC-2
Vbl LOFV-2 y
v-70 LFFV~2 ) Closed
T-8 PoT-4 19 PSIA
T-9 PoT~-5 ®
T-10 PET-4
T-11 PfT-5 1% PSIA
T-8 ToT~4 AMBTENT
T-9 ToT-5
T-10 TET-4 .
T-11 T£T~5 AMBIENT
GOV-1 LGOV~1 Closed
GovV-1 LGOV-1I
GOV=~2 LGOV=2
GOV~-2 LGOV~-2T
GOV-3 LGOV-3
GOV-3 LGOV=-31
GFV-1 LGFV-1
GFV-1 LGFV~-1I
GFV=~2 LGFV=2
GEV-2 LGFV=2T
GEV=3 LGFV-3
GFV=-3 LGFV=-3T -
V=52 LLIV=-1
V=52 LPSV~1
V=53 LLIV-2
V=53 LPSV-2
V54 LLIV-3
V-54 LPSV-3
V=~55 LFIV~-1
V~55 LPSV~-4
V=56 LFIV=2
V=56 LPSV=-5
V=57 LFIV~3 Y
V=57 LP5V~6 Closed
G-1 VII-38 ov
Y v G2 VII~39 ¥ Y ov
F.P. 5 G=3 VIi-40 1 R ov



FERRY PREFLIGHT (Continued)

EXPECTE.

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
F.P. 5 G-1 LIOV=-38 1 R Closed

G-1 LIFvV-38

G=2 LIOV-39

G~2 LIFV-39

G-3 LIOV-40
¥.P. 5 G-3 LIFV=-40 1 R Closed

Visually verify that all RCS and OMS protective covers are installed,
Request vehicle to close all RCS thermal protective doors and confirm,

Perform the following A/B readiness checks,

F.P. 6 GFV-4 LGFV-41 1 R Closed
GEFV~4 LGFV-4
GFV=5 LGFV-51
GFV-5 LGFV=-5
GEFV=-6 LGFV-61
GFV=-6 LGFV-6
GOV-4 LGOV-41
GOV~4 LGOV-4
GOV-5 LGOV-5T
GOV~5 LGOV-5
GOV~-6 LGOV~6T
GOV~6 LGOV=-6
V-58 LFIV-4
V-59 LPSV-7
V~-60 LFIV=-5
V=61 LPSV-8
V-62 LFIV-6
V-63 LPSV~0
EFV-~1 LEFV-1
EFV-2 LEFV=-2
EFV=3 LEFV-3
EFV~4 LEFV-4
EFV-5 LEFV=~5
EFV~6 LEFV-6
EFV-7 LEFV~7
EFV-8 LEFV-8
EFV-9 LEFV=-9
EFV-10 LEFV-10
EFV-11 LEFV=-11 v
EFV-12 LEFV-~12 Cloged
PfL-11 19 PSTA
# Y PfL~12 ¥ v
6 PfL~-13 1 R 19 PSTA

A/B E.C. - 1,2,3 perform the following readiness checks.

P. 7 FCA-1 LFIVA/B-1 1 R Closed
P. 7 FCA-1 LCPRV-1 1 R Closed
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FERRY PREFLIGHT (Continued)

EXPECTED
PHASE STEP EIEMENT MEASUREMENT SAMPLES USE VAILUE
F.P. 7 FCA~1 LSPV-~1 1 R Closed
IGN-1 VIIA/B-1 ovbe
FCA~2 LFIVA/B=2 Closed
FCA-2 LCPRV=-2 -
FCA-2 LSPV~2 Closed
IGN-2 VIIA/B=2 CvDe
FCA~3 LFIVA/B~3 Closed
FCA-3 LCPRV-3 _
¥ y FCA-3 LSPY~=3 Y 4 Closed
F.P. 7 TGN~3 VIIA/B=3 1 R ovDe

Verify that the turbofan engine cradles are lowered and locked.

Verify that all turbefan engine covers have been removed,

Connect the Propellant Servieing and Pressurization GSE to the appropriate
couplings and perform the following status checks:

F.P. 7 c-1 LOFC-1 1 s Open
c-2 LEC~-1
C2 LHC-2
-5 LFFC-1
-8 LHG~7
c-8 LHC-8
c-9 LOFC~-2
c-10 LFFG-2
F.P. 7 Cc~11 LFVC~-1 1 5 Open

Open the following valves and verify position.

F.P. 8 V=7 1.0FV-1 1 5 Open
V-23 L.OIV-3
V-24 LOTVV=-1
F.P. V=25 LOTVV=2 3 Open
Command 10X to slow transfer mode,
Verify operation by checkingj
F.P. 9 L-17 TolL~2 X S <200°R
When
F,P. 10 T-4 QoT~7 10/Sec c Covered

Command LOX helium recirculation on and LOX transfer to fast £111.

When

F.P. 11 T=4 QoT-8 10/5ec o Cnuearad
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FERRY PREFLIGHT (Continued)

PHASE STEP ELEMENT MEASUREMENT

SAMPLES

USE

EXPECTED™
VALUE

Command LOX transfer to slow fill, and terminate helium recirculation.

When

FnPa 12 T"4 QOT"9

Command LOX transfer to mode hold.

Verify the following:

F.r. 13 T=i ToT-3
L-17 Tol,=2
L~-17 Pol.~2
1.-3 ToS=1
L-4 ToS~2
L~3 PoS~1
L~& PoS~2

F.P, 13 L=-7 PgRL-1

Check for leakage with scan cameras,

Open V-443 check

F,P. 14 V44 LOFV=-2

Off~L0ad the stored helium in T~8 and T-9

P. 15 T-8" PoT~4
oPo 15 T"g POT"'S

Open V-70; check

F.P. 15 V=70 LFFV=-2

Off-l.oad the stored helium in T-10 and T~11

P, 17 T~10 PET-4
.P. 17 T-11 PLT-5

Load T~8 and T~9 with GO2.

F.P, 18 T=8 PoT-6

T-8 ToT-4
¢ T=9 PoT~7
F,P, 18 T=9 ToT=-5

10/Sec

L

1/Sec
1/Sec

1/Sec
-1/Sec

1/8Sec

1/Sec

v

3?

Covered

164439
164+30R

164+3°R
164+30R

Open

14,7 PSIA
14,7 PSIA

Open

14,7 PSIA
14,7 PSIA

1500 PSIA

1500 PSIA

Compute accumulator quantity and send stop signal to the GSE at full loadg

Close V=443 check

F.pP, 19 V-44 LOEV~-2

Closed



FERRY PREFLIGHT (Continued)
‘ EXPECTED
PHASE STEP ELEMENT MEASUREMEHT SAMPLES USE VALUE
Monitor
¥.P. 20 T-8 PoT=6 1/8ec M 1500 PSIA
* # T8 ToT=4
T-9 PoT=7 ’ 1500 PSTA
F.P. 20 T~9 ToT~5 1/Sec M
for decay.
L.cad T=10 and T~11 with GHZ.
F.P. 21 T-10 PFT=6 1/Sec C 1500 PSIA
* T~10 TET=4 ;
=11 PET=-7 1500 PSIA
F.P. 21 T-1%1 TfT-5 1/8ec C

Compute accumulator quantity and send stop signal to GSE at full load,

Close V~703

F.P. 22

Monitor
F.P. Zf
¥.P. 23

for decay.

Reverify
F.P. 24
F.P. 24

check

V=70

T~10
=10
I-11
T-11

Command open; verify

FlP. 25
F.P. 25

V-28
V-29
V=30
V=31

Command open; verify

F.P. 26

¥

F.P. 26

V27
v-14
v-26

LFFV~-2

PLT-6
T£T~4
P£T-7
T£T~-5

PoL-8

+ PolL=-9

PfL-S
PfL-10

LFIVV=-5
LFTVV=-6
LFTIVV-7

LFIVV-8

LFIV=4
LFFV~-1
LFIV=-3

1/Sec

1/See

1= — o —

-

) eetf—— D 0 e U2

Ut} L1

Closed

1500 PSIA

1500 PSIA

19 PSIA

19 PSIA

Open

Open

Open

Open
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FERRY PREFLIGHT (Continued)

EXPECTED
PHASE STEP ELEMENT MEASUREMENT i SAMPLES USE VALUE
Commence slow fuel transfer to T-5 and T~6,
Verify operation by checking;
F.P. 27 L~-20 TfL-1 1 ] < 50°R
L-21 TfL=4 ¥ v <50°R
¥.P. 27 TfL-5 1 S <50°R
When both
F.P. 28 T-5 QET-4 ' 10/Sec € Covered
F.P, 28 T-6 QfT~7 10/Sec C Covered
Command fuel tramnsfer to fast £111
When
F.P. 29 T=5 QfT=5 10/8Sec C Covered
or,
F.P. 30 T=6 QfT~8 10/Sec C Covered
Command fuel transfer to slow fi1l11, '
When
F.P. 31 Te5 Q£T~6 ' 10/Sec  C Coversd
Ox,
F.P. 32 Twb QfT=-9 10/Sec c Covered
Command fuel transfer to mode hold when the other one covers,
or TBD seconds after the first one covers.
Verify no leakage with compartment detectors,
Verify safe condition with compartment fire detectors.
Verify;
F.P. 33 Tw5 © TEr-2 1 s 36-40°R
T=-6 TfT-3
L-20 TfL=-1
L-21 TfL-4
L-8 T£S-1
L-9 T£S=2 36-40°R
L-8 P£S~1
F.P, 33 L~9 P£S-2 1 ]



FERRY PREFLIGHT (Continued)

b~11

EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES. USE - VALUE
Command and verlfy:
F.P. 34 v-14 LFFV-1 1 5 Closed
If
F.P. 35 T-4 QoT-9 1 5 Uncovered
Command LOX transfer to slow fill,
When
F.P. 36 Ted QoT=-9 10/sec c Covered
Command LOX tramsfer to stop.
Command and verify;
O 37 v-7 LOFV-1 1 S Closed
If
F.P. 38 T=5 QfT~6 1 S Uncovered
and/or
F.P. 39 T-6 QfT-9 1 S Uncovered
Command and verify
F.P. 40 V-14 LFFV-1 1 R Open
Comniand fuel transfer to slow fil1,
When
F.P. 41 T~5 QET-6 10/sec C Covered
or
F.P, 42 T-6 QfT-9 10/sec c covered

Command fuel transfer to stop when the other covers, or TBD seconds

after the first one covers.
Command and verify:

F.P. 43 V-1l4 LFEV-1

Cloged
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FERRY PREFLIGHT (Continued)

EXPECTED
PHASE STEP ELEMENT ° MEASUREMENT . SAMPLES USE VALUE
Command and verify;
F.P. b4 V-24 LOTVV-1 1 S Closed
v-25 LOTVV=2
V-28 LFIVV-5
V=29 LETVV-6
V-30 LFTVV-7
F.P. 44 V-31 LFIVV-8 1 3 Closed
Pregsurization
Verify
F.P. 45 T-8 PoT=6 1 R 1500 PSIA
) -9 PoT~7 | 1500 PSIZ
F.P. 45 T~4 PoT-3 1 R <30 PBIA
Command and verify;
F.P. 46 V-33 LOPV-2 1 S Open
Verify
F.P. 47 T-4 PoT-3 1 8 35-40 PSI
Command and verifyj
F.E. 48 V-33 LOPV=-2 1 5 Closed
Command and verify;
F.P. 49 V=24 LOTWW-1 1 S Open
Verify;
FoPt 50 T"'[I' POT"B 1 S Ambient
Command and verify;
F.P. 51 V-24 LOTVV-1 1 S Closed
F.P. 51 V-25 LOTVV~2 1 L} Closed
Command and verify; ’
F.P. 52 V=32 LOPV-1 1 S Open
verify;
F.P, 53 T4 PoT-3 1 S 35-40 PSL
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FERRY FREFLIGHT (Continued)
EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
Command and verify;
F.P. 54 V-32 LOPV~-1 1 S Closed
Verifys
F.P, 55 T-10 PET~6 " 1 ] 1500 PSIA
T-11 PET~7 ¢ ¢ 1500 PSTA
-5 PET-2 <30 PSIA
F.P. 55 T~6 PfT-3 1 S <30 PSIA
Command and verifyj
F.P. 56 V=35 LFPV=-2 1 8 Open
Verify:
F.P. 57 T-5 P£T-2 1 S 35-40 PSIA
F.P. 57 T-6 P£T-3 1 s 35-40 PSIA
Command and verify;
F.P. 58 V=-35 LFPV-2 1 S Closed
Command and verifyg
F.FP. 59 V-28 L¥FTVV-5 1 5 Open
% v-29 LETYV~6 "
v=~30 LFTVV-7
F.P, 59 V=31 LFTVV-8 1 S Open
Verify:
F.P. 60 T-5 PET-2 1 5 Ambient
FoPo 60 T"6 PfT-3 1 S Ambient
Command and verify;
F.P. 61 v-28 LEFTVV=-5 1 S Closed
V-29 LFTVV-6 &
V-30 LETVV~7
F.P. 61 V=31 LFTVV~-8 1 S Closed
Command & verify;
F.P, 62 V=34 LFPV-1 1 S Open
Verlfy;
F.P, 63 T=6 P£T-3 1 8 35-40 PSIA
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FERRY PREFLIGHT (Continued)

EXPECTED
PHASE -  STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
Command and verify}
F.P, 64 V=34 LFPV-1 1 8 Closed
Monitor:
F.P. 65 T-4 PoT~3 1/8ec 8 35-40 PSIA
Tw5 P£Tw2 V :
. F.F, 65 T=6 P£T-3 - 1/Sec 8 35-40 PSIA
For minutes for decay
Command and Verify;
F.P. 66 v-32 LOPV-1 1 8 Open
v-33 LOPV=-2 *
V-34 LFPV~-1
F.P. 66 V-35 LFPV-2 1 8 Cpen
Retract and verifys
F,P, 67 c-1 LOFC-1 1 5 Closed
Cc-2 LHC-1
Cc-2 LHC-2
C=5 LFFC-1
Cc~8 LHC~7
C-8 LHC~8
c~9 LOFG-2
C-10 LFFC-2 Y ¥
F.P. 67 Cc-11 LFVC~1 1 8 Closed
Commence §
F.P, 68 T-8 PoT~6 1/Sec M,C 1500 PSIA
T~8 ToT~4
T-9 PoT-7 1500 PSIA
T=9 ToT~-5
I-10 PEfT-6 1500 PSIA
T=10 TET=4
. T-11 P£T-7 1500 PSTA
F.F. 68 T=11 TLT-5 1/Sec M,C
Compute and display quantity on request,
Command and verifyy
F.P. 69 GOV~-1 LGOV-1I 1 ] Open
GOV~2 LGOV=21
GOV-3 LGOV=-3I
GFV~1 LGFV-~1T
GFV-2 LGFV-21
GFV=3 LGFV~31
F.P. 69 V-52 LLIV-~1 1 5 Opén
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. EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
F.P. 69 V=53 LLIV~-2 1 ) Open
V=54 LLIV-3 .
V=55 LFIV~1
V=56 LFIV=-2
¥.P. 69 V-57 LFIV-3 1 s Open
Command the APU shaft clutches to engage on all three sections.
Command and verifyy
F,P. 70 -1 VII-38 1 S 28 VDC
G2 VII-39 Y 4
F.P. 70 G-3 VII-40 1 8 28 VDC
Command & verify;
F.P. 70 G~1 LIOV~38 1 S Open
Initiate igniter spark, verify;
F.P, 71 G-1 1IE~-38 1 8 Pulses
F.P. 71 G-1 PC-38 1 S
Command and yerify;
¥.P, 71 G~1 LIFV-38 . 1 5 Open
F.P,. 71 G~1 PC-38 1 5
Command and verify;
F.P. 72 GOV~-1 LGOV~1 1 S Open
F.P. 72 G-1 PC-38 1 S
Command and verify:
F.P, 73 GFV-1 LGFV~1 1 S Open
F,P. 73 G-1 PC-38 1 8
Check
F.P, 74 G-1 TC-1 1 s .
U-1 NT-1 2/8ec C
PT-1 NS-1 1 S
PT-1 QPTL=1 % S
PT~1 PPTL-1 5
F oP . 74 PT"]. TPTL"]. 1 S
When NT-1 reaches steady-state,command igniter spark off and verify;
F.P. 75 G-1 ITE-38 1 8 0

H
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FERRY PREFLIGHT (Continued)
’ EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
Command and verify;
F.P. 76 G=2 LI0OV~-39: 1 s Open
Initiate igniter spark, verify
F.P. 77 G-2 IIE=-39 1 S Pulses
F.P. 77 G~-2 PC-39 1 s
Command and verify;
F.P, 78 G-2 LIFV-39 1 S Open
F.P. 78 G-2 PC-39 1 s
Command and verifyj
F.P. 79 GOV~-2 LGOV~2 1 S Open
F.P. 79 G~2 PC-39 1 5
Command and verifyy
F.P. 80 GFV=-2 LGFV-2 1 s Open
F.P. 80 G~2 PC-39 1 ‘S
Checks
E.P. 81 G-2 TC-2 1 S
U-2 NT-~2 2/sec C
PT=2 NS~-2 1 S
PT~2 QPTL~2 *
PT~2 PPTL~2
F.P. 81 PT~2 TPTL~-2 1 S

When NT-2 reaches steady-state, command igniter spark off, verify;

F.P.

F.P.

txf txf

.P.
.P.

82 G-2 IIE-39
Command and verifys
83 G=3 LIOV-40

Initiate Igniter Spark, verify;

84 G=3 IIE~-40

84 G-3 PC=40
Command and verifyg

85 G-3 . LIFV~40

85 G~3 PC-40

1

=

8

0

Open

Pulses

Open
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FERRY PREFLIGHT (Continued)

o . o EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
Command and verify;
F.P. 86 GOV-3 LGOV~3 1 S Open
F.P. 86 G-3 PC-40 1 8
Command and verifyj
F.P. 87 GFV-3 LGFV~-3 - 1 S Opan
F.P. 87 G-3 PC-40 1 S
Checks
F.P, 38 G~3 TC-3 1 . 5
U=3 NT=-3 2/Sec c
PT~3 NS=-3 1 S
PT-3 QPTL=3 ‘ *
PT-3 PPTL~3
F.P. 88 PT=3 TPTL~3 1 S
When NI-3 reaches steady~state, command igniter spark off, verifyy
F.P, 89 G-3 ITE-40 - 1 S 0
Commence monitoring:
F.P. 90 G~-1 PC-38 1/Sec M——
G-1 TC-1 - 1/Sec
Tl NTwl 2/8ec
PT-1 QPTL~1 - 1/2 see
PT~1 PPTL~1 1/2 sec
PT-1 TPTL~1 - 1/2 sec
PT-1 NS=1 1/2 sec
G-2 PC~39 1/Sec
G~2 TC~2 1/Sec
U=-2 NT~2 2/Sec
PT-2 QPTL-2 1/2 sec
PT~2 PPTL-2 1/2 sec
PT=2 TPTL~-2 1/2 sec
PT~2 N5=2 1/2 sec
G-3 PC-40 1/Sec
G-3 TC=3 1/Sec
U=3 NT=3 . 2/8ec
PT=3 QPTL-3 1/2 sec
PT-3 PPTL-3 1/2 sec.
v Y PT~-3 TPTL~3 1/2 sec ¥
F.P. 90 PT=-3 NS-3 1/2 sec M

91 Connect A/B Ground Start-GSE
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FERRY PREFLIGHT (Continued)

: . EXPECTE
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
Command and verifys
F.P. 92 V~58 LFIV~4 1 E) Open
V~-60 LFIV~5: ’
V=62 LFIV~6
V=59 LPSV«-7
V-61 LPSV-8 : .
F.P. 92 V=63 LPSV=9 1 s Open
Command and verifyj
F.P. 93 G4 IIR=-41 1 S Pulses
Command and verifys
F.P. 9% GFV=4 LGFV-41 1 8 Open
F.P. 94 GFV~4 LGFV-4 1 S Open
Cormand and verifysy
F.P. 95 GOV-4 . LGOV=-41 1 S Open
F.P. 95 GOV~ LGOV~-4 1 s Open
After TBD seconds, checksy
F.P, 96 Uwd NT=4 1 c,S S.8.
PT-4 PTPL~-1 5
PT~4 QTPL-1
- PT~4 ITPL-1
Terminate spark, verifys
F o P . g 7 G"‘4 ' IIE"&'I 1 S 0
Checkg
F.P. 98 P-8 PPD-8 1 3 < TBD PSIA
F.P. 98 P9 PrD-9 1 5 <TBD PSIA
Command and verifys
F.P. 99 G-5 ITE-42 1 - 8 Pylses
Command and verifys
F.P. 100 GFV~5 LGFV~5T - 1 8 Open
F.P. 100 CFV-5 LGFV=-5 1 s Open

Command and verifys

P, 101 GOV=5 LGOV-5T 1 ] Open
.P. 101 GOV-5 LGOV=5 1 8 Open
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FERRY PREFLIGHT (Continuad)

EXPECTED
PHASE STEP ELEMENT . MEASUREMENT SAMPLES USE VALUE
Afrer IBD seconds, check:
F,P. 102 U-5 NT=5 1 c,8 S.5.
PT-5 PTPL~2 s
PT-5 QTPL~2 i
; PT-5 TTPL-2
F.P. 102 P~3 PPD~8 1 8
Terminate spark, verify;
F.P. 103 G~5 ITE-42 1 S 0
Command and verifys
F.P, 104 G-6 IIE-43 1 S Pulsges
Command and wverifys
F.P. 105 GFV-6 LGFV=-61 1 8 Open
F.P. 105 GEFV=-6 LGEV=-6 1 S Open
Gommand and wverifys
F.P. 106 GOV~6 LGOV-6T 1 S Open
After IBD seconds, check:
F.P, 107 U-6 NT~6 1 C,S S.S.
PT-6 PTPL-3 8
PT=6 QTPL-3
PT~6 TTPL-3
F.P. 107 P-9 PPD=9 1 8
Terminate spark, verify;
F.P. 108 G-6 ITE=43 1 ] 0
Command and verify;
¥.P, 109 EFV-1 LEFV~1 1 S Open
EFV~2 LEFV-2 &
. EFV-3 LEFV=3
F.P, 109 EFV~4 LEFV-4 1 S Open
Check:
F.P. 110 PfL~11 1 s,C
F.P. 110 TfL.-6 1 s,C
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FERRY PREFLIGHT (Continued)

EXPECTED
PHASE STEP ELEMENT . MEASUREMENT SAMPLES USE VALUE
Command and verifys
"F.P. 111 EFV~5 LEEV=5 1 8 Open
EFV~-6 LEFV-& * 4'
EFy-7 LEFV-7
F.P. 111 EFV=-8 LEFV-8 1 L} Open
Check?
F.P. 112 PfL~12 1 s,C
F.P, 112 TfL.-7 1 5,C
Command and verifys
F.P. 113 EFV=-9 LEFV~9 1 Open
EFV~10 LEFV~10 $ ¢
EFV=11 LEFV~11
F.P. 113 EFv-12 LEFV-12 1 Open
Checks
F.P. 114 P£L~13 1 s,C
F.P. 114 Tf1.-8 1 s,C
Commence monitoring:
F.P. 115 G-4 PC-41 10/Sec M
G-4 TC-4 1/Sec
U=-4 NT~4 5/Sec
P-7 PPD~7 5/8ec
G~5 PCw42 10/Sec
G=5 TC=5 1/Sec
U-5 NT-5 5/Sec
P-8 PPD-8 5/Sec
G~6 PC-43 10/8ec
G-6 TC=6 1/Sec
U~6 NT~6 5/Sec
P~-9 PPD-9 5/Sec
PfL~11 5/Sec
Pf1.-12 5/8ec
P£1.~13 5/8ec
PE~4 QTPL-1 1/2 Bec
PT-4 PTPL~1 1/2 Sec
PT~4 TTPL-1 1/2 Sec
PT-5 QTPL-2 1/2 Sec
pr-5 PTPL~2 1/2 Sec
PT~5 TTPL~2 1/2 Sec
PT-6 QTPL~3 1/2 Sec
Y Y PT=6 PTPL~-3 1/2 sec ¥
F.P. 115 PT-6 TTPL-3 1/2 Sec M
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EXPECTED
PHASE STE?P ELEMENT MEASUREMENT SAMPLES USE VALUE
Command turbofan #1 to start.
Activate turbofan Ground Start GSE,
The engine controller commands andiverifies:
F.P. 116 FCA-1 LFIVA/B-1 1 S Open
FCA~1 NVDVP-1
FCA-1 PDVDVP-1
FCA-1 LCPRV~-1 Open
FH-1 VFH-1 28 vDC
FH-1 IFE~1
IGN-1 VIIA/B-1 28 VDC
IGN-1 III-1 Pulses
LA~1 PLPD-1
LA~1 PSFED-1
LA-1 TSPFD~1
Y ¥ LA-1 QLO-1 \j Y
F.P. 1i6 FM=1 FfF=1 1 s
Whens
The engine controller commands and verifies:
F-Pc 118 FCA"']- LSPv-l 1 s Open
A/B E.C.-1 verifies combustion by checkings
F.Po 119 E’D"l FLB-I A.Rl S On

E.C.~1 commences to monitor the following for gas path analysis:

F,P, 120
\j y
F.P. 120

TF~1

\
TF-1

PFI-1
TIA~1
NF-1
NHPT~1
FfF-1
PHPT~1
THPI~-1
PED~1
TED~-1
TLPTD~1
TCI-1
PDVDVP=-1

100/Sec

100/Sec

c

v
c

At steady~state thrust, the engine controller commands and verifies:

F.P. 121

IGN #1

ITI-1

1

S 0
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EXPECTE]
VALUE

PHASE STEP ELEMENT MEASUREMENT SAMPLES -USE

E.C.~1 commenses to monitor?

F.P, 122 LA-T QLO~1 5/8ec M
LA-1 PLPD-1 . 5/Sec i

LA=1 PSPD-1 5/8ec

T.A=-1 TSPD-1 - 5/Sec

y LA=-1 PG-1 5/Sec

FCA~1 IFH-1 1/Sec

COMP=-1 FIC~1 1/8ec

Command turbofan 2 to start., Activate the turbofan Ground Start GSE

E.C. -2 commands and verifies:

F.P. 123 FCA-2 LFIVA/B-2 1 S
FCA~2 NVDVP-2 '
FCA=2 PDVDVP-2
FCA=2 LCPRV=2
FH-2 VFH-2
FH=-2 IFH~2
IGN #2 VIIA/B~2
TGN #2 III-2
LA=2 PLPD~2
TA-2 - PSPD~2
LA-2 TSPD=-2
\ | Y LA-2 QLO-2 B ¥
F.P. 123 FM=2 FEF~-2 1 S
When:
F.P. 124 TF-2 NHPT-2 100/Sec C

The engine controller commands and verifies:
F.P, 125 FCA-2 LSPV~-2 1 5
E.C.-2 verifies combustion by checking:

E.C.~2 commences to monitor the. following for gas path analysis:

F.P. 127 TF~2 PFI-2 100/Sec c
TIA-2
NF=2
NHPT=~2
FFfF-2
PHPT~2
THPT-2
PED-2
TED =2
TLPTD =2

\J Y
F.»p, 127 TF=-2 PDVDVP-2 100/Sec ¢

Open

Open
28 VDC

28 VDC
Pulses

Nx

Open

On
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_ _ EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
At steady-state thrust, E.C.~2 commands and verifies:
F.P. 128 IGN. #2 1112 1 8 0
E.C.,~2 Commences to monitor:
LA~2 PLPD~2
LA~2 PSPD~-2
TLA-2 TSPD~2
LA-2 PG=2 5/Sec
ECA-2 IFH-2 1/Sec
F.P, 129 COMP-2 FIC~2 1/8ec M Off
Command Turbofan 3 to start, activate Ground Start GSE,
E.C.~3 commands and verifies:
F.P. 130 FCA=3 LFIVA/B=3 1 8 Open
FCA-3 NVDVP-3
FCA-3 PDVDVP~3
FCA-3 LCPRV~3 * Open
FH-3 VFH-3 28 VDG
FH-3 IFH-3
IGN. #3 VITA/B-3 28 vDC
IGN, #3 III~3 Pulses
TA~3 PLPD~3
LA-3 PSPD-3
LA=3 TSPD=-3
Y v LA-3 QLO-3 y v
F,P. 130 FM~3 F£fF-3 1 s
Whent
F.P, 131 TF=-3 NHPT-3 100/Sec H Nx
E.C.~3 commands and verifies
F.P. 132 FCA~2 LSPV-3 1 3 Open
E.C.=3 verifies combustion by checking:
F.P. 133 FD=1 FLB=-3 AR, 5 On

E.C.-3 commences to monitor the following for gas path analysis:

F.P. 134 TF-3 PFI-3
TIA-3
NF=-3
NHPT~3'
FfF-23
PHPT~3
THPT-3
PED-3
TED-3

100/Sec

\j Y \ 4 4
F.P. 134 TE=3 100/Sec

c

L -,
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. EXPECTED
PHASE STEP FLEMENT | ﬂEASUREMENT SAMPLES USE VALUE
F.P. 134 TF-3 . TLPTD=3 1007/Sec C
TCI-3
F,P, 134 TF~3 PDVDVP~3 100/Sec = C
At steady-state thrust, E.C.#3 commands and verifies:
F.P. 135 IGN. #3 IIT~-3 1 s 0
E.C. #3 commences to monitor:
F.P. 136 LA~3 QLO~-3 5/Sec M
LA-3 PLPD~3
1A-3 PSPD-3
LA-3 TSPD=-3
LA-3 PG-3
FCA-3 IFH-3 1/Sec
F.P. 136 CoMP-3 FIC-3 1/8Sec M Off

137 Stop and retract Ground Start GSE
138 Verify vehicle power buses,
Execute power transfer.

139 - Disconnect Ground Power GSE,
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FERRY FLIGHT
EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE: VALUE
Make the following checks while at cruise altitude:
F.F, 1 V-1 ~ LOIV-1 1 S Closed
V-2 LeIV-2
V-3 LOVV=1
Vit LOVV~2
V=5 L.OVV=3
V=6 LOVV-4
: V-7 LOFV~-1
V-8 L¥FIV-1
V-9 LEIV=2
V=10 LFTVV~-1
V=11 . LFTVV=-2
V=12 LFTVV-3
V~13 LETVV=4
v-14 LFFV=1
V=19 TOPCY~1
V=20 LOPCV~2
V=21 L¥PCV~1
V=22 LFPCV-2
V=23 LOIV-3
v-~24 LOTVV=-1
V=25 LOTVV-2
V=26 LEIV-3
V=27 LFIV-4
V-28 LFTVV=5
V-29 LEFTVV~-6 v
V=30 LETVV-7 Closed
V=31 LETVV~8 . Closad
V=32 LOPV-1 Open
V~33 LOPV-2
V=34 L¥PV-1
V~-35 LFPV-2 Open
C~-1 LOFC-1 Cloged
C-2 LHC-1,2
Cc-3 LFTVC~1
Cub LHC~3,4
C-5 LEFC-1
C-6 LHC-5, 6
v v C~8 LHC-7,8 v Y
F.F. 1 c~11 LFVC-1 1 S Closed
Monitor:
F.F. 2 T-1 PoT~1 1/min M 19 PSIa
T-2 PoT=-2 1/min 19 PSIA
Tw3 PfT-1 1/min 19 PSTIA
IL-17 Pol.~2 1/min
1.-20 PfL-1 1/min
1-21 - PEL=4 1/min
L-17 Tol.-2 1/min
F.F. 2 L-20 TfL~-1 1/min M
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FERRY FLIGHT (Continued)

EXPECTED.
PHASE STEP BELEMENT . MEASUREMENT SAMPLES USE VALUE
F.E. 2 =21 - TfL~4 - L/min. M
Tm=ls ToT-3 ] 1/10 sec.
T-5 TETw2 1/10 sec.
T-6 T£T~3 1/10 sec.
Tl QoT~7 1/sec. Until Uncoverx
Tw4 QoT~8
Twdt QoT-9
T~5 QfT~4
T=5 QfT~5
T-5 QET=6
Twb QfT~7
4 Y Twb QfT-8 \j
F.F. 2 T~6 QfT-9 1/sec. M Until Uncover
Monitor:
F.F. 3 T-8 PoT~6 1/sec M,C 1500 PSIA
T=8 ToT~4 M
Tw9 PoT-7 M,C 1500 PSIA
w9 TOTw5 M
T~10 PfT-6 M,C 1500 PSIA
T-10 TET~4 M
T-11 P£T-~7 M,C 1500 PSIA
F.F, 3 =11 TfT=-5 1/ sec M

Compute and display accumulator quantity on request.

Continue to monitor:

F.F. 4 eé~-1 PC-38 1/sec M
G=1 TC-1 1/sec
P-1 NT=1 2/sec
PT~1 QPTL-1 1/2 sec
PT-1 PPTL~1 1/2 sec
PT~1 TPTL-1 1/2 sec
PT-1 NS=1 1/2 sec
G~2 PC-39 1/sec
G-2 TC=2 1/8ec
U=2 NT=2 2/8gec
PT-2 QPTL-2 1/2 sec
PT=2 PPTL~2 1/2 sec
PT=2 TPTIL-2 1/2 sec
PT-2 NS-2 1/2 sec
G-3 PE~40 1/sec -
G-3 TC-3 1/sec
U-3 NT~3 2/sec
PT-3 QPTL-3 1/2 sec
PT-3 PPTL~3 1/2 sec
Y Y PT-3 TPTL=~3 1/2 sec Y
F.F. 4 PT=3 N8=3 1/2 sec M
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EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
When ¢
F.F, 5 T-8 PoT-6 1/sec c 1500-X PSIA
Or:
F.F. 6 T-5 PoT-7 1/sec C 1500-X PSIA
Verlfy:
F,F. 7 v-52 LLIV-1 1 S Open
¥ Vv V-53 LLIV~2 | ¥
F.F. 7 V=54 LLIV~3 1 5 Open
Command and verifys
F.F. 8 V-52 LPSV=-1 1 S Open
v Y V.53 LPSV~2 ¥ ¥
F.Fn 8 V"sll' LPSV"3 1 S Open
Engage the clutches to P-1, P-2, P=3,
During GO02 resupply monitor the following additional parameters:
F.F. 9 P-1 PPD~1 2/gec M 1500 PSIA
H-4 THE-~1 1/2 sec :
H-4 PHEO-1 1/2 sec 1500 PSIA
P=2 PPD-2 2/sec 1500 PSIA
H-5 THE-2 1/2 sec
H-5 PHEQ~2 1/2 gec 1500 PSIA
. P~3 PPD~3 2/sec 1500 PSIA
v Y H~6 THE~3 1/2 sec
F.F. 9 H-6 PHEO-3 1/2 sec M 1500 PSIA
Whent
F.F, 10 T-8 PoT=6 1/sec C 1500 PSTIA
F.F. 10 T9 PoT-7 1/sec C 1500 PSIA
Disengage clutches to P-1, P~2, and P-3,
Discontinue Resupply monitors.
Command and verify:
F.F, 11 v-52 LPSV-1 1 8 Closed
v v v-53 LPSY~-2 Y ¥
F.F, i1 V=54 LPSV-3 1 S Closed



FERRY FLIGHT (Continued)

EXPECTED

PHASE _ STEP ELEMENT . - MEASUREMENT SAMPLES USE VALUE
Whent
F.F, 12 T-10. .- PEfT-6 1/sec - G 1500=-Z=PSIA
Or:
F.F. 13 T-11 PET-7 1/sec C 1500~Z-PSTA
Verify:
F.F. 14 V=55 LFIV=1 1 s Open
Y V=56 LEIV~2 ¥ Y
F.F. 14 - V=57 LFIV~-3 1 S Open
Gommand and verify:
F.F 15 V=55 LPSV~4 1 S Open
v V=56 LPSV-5 v Y (
F.F. 15 V=57 LPSV-6 1 S Open
Engage clutches to P-4, P-5, and P=6, .
During GHZ resupply monltor the following additional parameterst.
F.F.: 16 P-4 PPD=4 2/sec M 1500 PSL
H~7 THE-4 1/2 sec
H-7 PHEO-4 1/2 sec 1500 PSL
P-5 PPD-5 2/sec 1500 PSL
H=-8 THE-5 1/2 sec
H-8 PHEO-5 1/2 sec 1500 PSL
- P-6 PPD-6 2/sec 1500 PSL
Y | J H-9 ) THE-6 1/2 sec Y ’
F.F. 16 H-9 PHEO-6 - 1/2 sec M 1500 PSL
When:
F.F. 17 T-10 P£fT~6 1/sec C 1500 PSIL
F.F. - 17 T=11- - PLT-7 1/8ec C 1500 PSL
Disengage clutches to P-4, P-5, and P~6.
Discontinue resupply monitors.
Command and wverify:
¥, F, 18 V=55 : LPSV~4 1 S Closed
. V~56 LPSY~5 ¥
F.¥. 18 V=57 LPSV~6 1 S Closed
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EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
Continue to monitor:
F.F, 19 G4 PC-41 10/sec M
G-4 TC-4 1/sec
U=t NT-4 5/sec
P-7 PPD~7 5/sec
G=5 PC~-42 10/sec
G=5 TC~5 1/sec
U=5 NT-5 5/sec
P-8 PED-§ . 5/sec
G-6 PC-43 10/sec
G~6 TC=6 1/sec
U-6 NT~6 - 5/8ec
P~0 PPD-9 5/sec
P£L-11 5/sec
PEfL~-12 5/sec
P£1.~13 5/s8ec
PT-4 QTPL~1 1/2 sec
PTwds PTPL-1
PT~4 TTPL-1
PT~-5 QTPL~2
PT-5 PTPL~-2
PT=5 TIPL~-2
PT=6 QTPL=-3
Y Y PT-6 PTPL-3 | j
F.F. 19 PT~6 TTPL~3 . 1/2 sec M
E.C., #1 continues to perform gas path analysis:
F,F, 20 TF-1 PFI-1 100/sec H
TIA-1 -
NF-1
NHPT~1
FfF~-1
PHPT~1
THPT~1
PED~-1
TED~1
TLPTD=-1
v Y Yy TCI-1 Y 14
F.F, 20 TF-1 PDVDVP=-1 "100/sec c
E.C. #1 continues to monitor:
F.F. 21 LA-1 QLO~-1 5/sec M
PLPD~1
PSPD~1
TSPD~1:
LA-1 PG~1 : 5/sec
FCA=1 IFH~1 i/sec
F.F. 21 CoMP-~1, FIC-1 1/sec M OFF
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FERRY FLIGHT (Continued)
) EXPECTE
PHASE STEP _ ELEMENT * °  MEASUREMENT SAMPLES _ USE VALUE
E.C, #2 continues to perform gas path anslysis:
F.F. 22 TFw2 PFI=2 100/sec G
TIA-2
NE=-2
NHPT=~2
Ffr-2
PHPT=-2
THPT=-2
PED=2
TED=2
TLPTD-2
Y Y Y TCI-2 . Y Y
F.F. 22 TE=~2 PDVDVP~-2 100/sec c
E.C. #2 continues .to monltor:
F.F. 23 LA-2 QL.0-2 5/sec M
PLFD=2
PSPD~-2
TSPD~2 .
LA=2 PG-2 5/sec
. FCA=2 IFH-2 1/sec
F.F. 23 COMP~2 FIC=2 1/sec M off
E.C. #3 continues to perform gas path analysis:
F.F, 24 TF-3 PFI-3 100/sec c
TIA-3
NE'=3
NHPT-3
FE£F-3
PHPT-3
THPT=-3
PED~-3
TED~3
TLPTD~3
 j Y Y TCI-3 Y \
F.F. 24 TF~3 - PDVDVP=-3 100/sec G
E.C, #3 continues to wmonitor:
F.F. 25 LA-3 QLO-3 5/sec M
PLFD=-3
PSPD~3
. TSPD-3
1.A-3 PG-3 5/sec
FCA~-3 IFH-3 1/sec
F.F. 25 coMP=-2. FIC-3 1/sec M OFF



FERRY APPROACH & LANDING

b-31

1. Continue to monitor as in steps 2, 3, 4, 19, 20, 21, 22, 23, 24, and 25

of Ferry Flight.

2, After landing, taxi to revetment area.

Command & verify:

EXI"ECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
FAL 3 V-59 LPSV-7 1 8 Closed
V=58 LFIV-4
vV-61 LPSV-8
V-60 LFIV-5
V-63 LPSV-9
FAL 3 V-62 LFIV-6 1 L Closed
Command and verify:
FAL 4 G-4 VII-41 1 S OVDC
¥ ¥ G=5 VII-42 Y |
FAL 4 G-6 VII-43 1 S ovDC
Command and verify:
FAL 5 GOV -4 LGOV-4 1 S Closed
GOV-4 LGOV~4T
GFV-4 LGFV-4
GEV-4 LGFV-4T
GOV-5 LGOV=-5
GOV-5 LGOV-5T
GFV=~5 LGFV~5
GEV-5 LGFV~51
GOV-6 LGOV~-6
é GOV~6 LGOV-61
¥ GFV-6 LGFV-6 \ Y v
FAL 5 GFV-6 LGFV-6T 1 8 Closed
Discontinue monitoring steps 2, 3, - and 19 of Ferry Flight,
E.C.~l commences monitoring.
FAL 6 FD~1 FLB~1 10/sec M,C On
"FAL 7 TF~1 TTB-1 25/sec M
For TBD Seconda
When
FAL 8 P£fL-11 5/sec C <TBD
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FERRY APPROACH & IANDING (Continued) -

. EXPECTED
PHASE _ STEP _ELEMENT MEASUREMENT SAMPIES ___USE VALUE
E.C.,-1 commands and verifies T.F.-1 shutdown
FAL 9 FCA-1 LFIV A/B-1 1 8 Closed
FCA-1 LCPRV -1 ¢ _ Closed
FH-1 VFH~1 OvVDG
FAL 9 FCA-1 LSPV-1 1 ] Closed
All engine assemblies are stopped.
When
FAL 10 FD-1 FLB-1 10/sec  C Off
Command and verify;
FAL 11 EFV~1 LEFV~1 S Closed
EFV-2 LEFV=~2 ¢
EFV-3 LEFV-3
FAL il EFV-4° LEFV~4 S Closed

E.G.-1 discontinues monitoring steps 20 and 21 of Ferry Flight and step 6
of Ferry Approach and Landing.

E.C.~2 commences monitoring

FATL 12 FD~2
E.C.-2 checks

FAL 13 TF-2
For TBD seconds.
When

FAL 14

FLB-Z‘ 10/8ec
TTB-2 25/sec
PFL~12 5/8ec

E.C.-2 commands and verifies T.F.-2 shutdown

FAL: 15 FCA~2
FCA-2

& FH-2
FAL 15 FCA~2

LFIV A/B-2
LCPRV-2
VFH-2
LSPV-2

=t

All engine assemblies are stopped.

When

FATL, 16 FD-2

FLB-2 10/sec

o —-n

< TBD

Closed
Closed
OvDC

Closed

Off
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FERRY APPROACH & IANDING (Continued)

EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
Command and verlfy:
FAL 17 EFV-5 LEFV~5 1 s Closed
EFV-6 LEFV-~6 Ty '
.. v EFV-7 _ LEFV-7 )
FAL 17 EFV-8 LEFV-8 1 . 8 ~ Closed

E.C.-2 discontinues monitoring steps 22 and 23 or Ferry Flight and 12 of
Ferry Approach and- Landing.”

E.C.-3 commences moniltoring

FAL 18 FD-3
E.C.=3 checks

FAL 19 FT-3
for TBD seconds
When

FAL 20

FLB~3 10/gec’ M,C On
TTB-3 25/sac M
PfE-13 5/sec C <TBD

E.C.-3 commands and verifies T.F.-3 shutdown.

FAL 21 FCA-3
FCA-3
FH-3"
FAL 21 FCA-3

All engine assemblies are stopped.

When
FAL 22 FD~3

Command.and verify:

FAL 23 EFV-9
] : EFV-10
EFV-11

FAL 23 EFV-12

LFIV A/B-3 1 S Closed
LCPRV-3 Closed
VFH-3 ovbe
LSPV~3 1 S Clored
FLB-3 ] 10/gec C Off
LEFV-9 1 s Closed
LEFV-10

LEFV~11

LEFV-12 1 S Closed

E.C.-3 discontinues monitoring steps 24 and 25 of Ferry Flight and 18 of

Ferry Approach and Landing.
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POSTFLIGHT~FERRY
1. Tow the Orbiter into revetment. Cliock and tie-~down.
2, Connect Ground Power GSE.
3. Execute power transfer to Ground Po%er GSE.
4, Continue to moniter step 4 of Ferry Flight until the APU shutdown
command 18 received.
‘ , EXPECTED
PHASE STEF ELEMENT MEASUREMENT ~ SAMPLES USE ’ VALUE
Upon recelpt of APU ghutdown command
Command and verify:
P-F 5 G-1 VII-38 1 8 ovDe
Command and verify:
P-F 6 Gav-1 LGOV-1 1 5 . Closged
P-F 6 G-1 PC-38 1 ]
Command and verify:
P-F 7 GFV-1 LGFV-1 1 3 Closed
P-F 7 G~1 PC-38 1 S
Command and verify:
N
P-F 8. G-1 LIOV-38 1 s Closed
P~F 8 G~1 PC-38 1 S
Command and verify: ,
P-F 9 G~1 LIFV~38 1 s . Closed
P-F 9 G-1 PC-38 1 S
Disengage the clutch to APU-1,
Command and verify:
P-F 10 GOV-1 LGOV-1T 1 S Closed
* GFV-1 LGFV-11 ; :
V-52 . LLIV~1 B
P-F 10 V-55 LFIV-1 i S "Closed
Command and verify:
P-F 11 G-2 VII-39 1 S ovDC



POSTFLIGHT~FERRY (Continued)

D-35

_ EXPECTED
PHASE STEP __ ELEMENT MEASUREMENT SAMPLES USE. VALUE
Command and verify:
P-F 12 GOV-2 LGOV-2 1 5 Closad
P-F 12 G-2 PC-39 1 5
Command and verify:
P-F 13 GFV~-2 LGEFV-2 1 S Closed
P-F 13 G-2 PC-39 1 5
Command and verify:
P-F 14 G-2 LIOV-3% 1 S Closed
P-F 14 G-2 PC~39 1 3
Command and verify:
P-F 15 G2 LIFV-39 1 S Closed
P-F 15 G-2 PC~39 1 S
Digengage the clutch to APU-2,
Command and verify:
P-F 16 GOV-2 LGOV-2T 1 5 Closed
47 GFV-2 LGFV~2E * *_
V-~53 LLIV-2
P-F 16 V-56, LFIV-2 1 8 Closged
Command and verify:
P-F 17 G-3 VII-40 i S ovDe
Command and verify:
P-F 18 GOV-3 LGOV-3 1 S Cloged
P-F 18 G=3 PC-40 1 S :
Command and verify:
B-¥ 19 GEV=3 LGFV-3 1 8 Closed
P-F 19 G-3 PC-40 . 1 s
Command and verify:
P-F 29 G~3 LIOV-40 1 S Cloged
P-F 20 G-3 PC-40 1 S
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POSTFLIGHT~-FERRY (Continued)

EXPECTEL
PHASE __ STEP __ EIEMENT . MEASUREMENT. . SAMPIES USE VALUE
Command and verify:
P-F 21 G-3 LIFV=-40 1 S Closed
P-F 21 G-3 PG40 1 ]
Disengage the clutch to APU-3,
Command and verify:
P-F 22 GOV-3 LGOV-31 1 S Closed
GFV-3 LGFV-31 ¢ ‘
V~54 LILIV-3
P-F 22 V=57 LFIV-3 1 S Closed

23. Perform the checks of step la of Ferry Flight.

24, Tzke a status sample of the parameters of step 1b of Ferry Flight

Check:
P-F 25 PoL~8 1 S 19 PSTA
PolL-9
PfL-9 ) ; Y
P-F 2 1 s . 19 PSTA

5 PfL~10
26, Remove tape and hard copy, if any.
Debrief crew as required. .
Review in-flight data and fault-isolatlfon output.
27. Tnspect all subsysgtems for mechanical disorders,

PURGE

Connect Drain and Purge GSE and verify status of the following couplings:

P-F 28 c-1 LOFC~-1 ' 1 5 Open
c-2 LHC-1,2
C-3 LETVC-1
C-4 LHC-3, 4
C~5 LFFC-1
c-6 LHC-5,6
c-8 LHC-7,8
C-9 LOFC-2
| c-10 LFFC-2 Y Y
P-F 28 c-11 LFVC~1 . 1 s Open

Also connect purge GSE to the main oxidizer and on~orbit oxidizer tank
vents,



POSTFLIGHT-FERRY (Continued)

b-37

\ EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE' VALUR
Command and verlfy:
P-F 29 V=32 LOPV-1 1 s Cloged
V-33 LOPV-2 é ‘
V=34 LFPV~1
P-F 29 v-35 LFPV-2 1 S Closed
Command and verify:
P-F 30 v-70 LFFV-2 1 5 Open

When GSE Indicates P = ambient at C~10, repressure with helium thrua ¢-10 until

T-10

P-F 31
P T~11

-F 31
Command GSE to hold.
Command and verify:

P~-F 31a v-70
Command and verify:

P-F 32 V-14

Pressurize T-3 with. helium thru C-4,

When:
P-F 33 T-3
Command and werify:’

P-F 34 V-8
V-9
V-26
V-27
V-34

P-F 34 v-35

After 9 minutes, command GSE to open vent on C-8 for 1 minute.

PE£T-6 1/sec
_P£T-7 1/gec
LFFV-2 1
LFFV-1 1
PfT-1 1/sec
LFIV-1 1
LEFIV~-2

LEIV-3

LFIV~4

LFPV-1 -

LFPV-2 1

M,C
M,C

M,C

4]

S

Command purge of L-8,9 through main engines for 3 minutes.

Command and verify:

P-F 35 v-28
" V-29

vV-30

P-F _ 35 v-31

LFTVV~5
LFTVV-6
LFTVV-7
LFTVV-8

- -——

3 ~f— A

1500 PSTA
1500 PSIA

Closed

Open

35 PSIA

Open

Open

Open

Open
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POSTFLIGHT-FERRY (Continued)

EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE.. . . VALUE
Purge out through C~11 for 1 minute. ‘
- Command and verify:
P-F 36 V-34 LEPY~1 1 5 Closed
P-F 36 V=35 LFEV-2 . L S Closed
Stop helium purge from C-3.
Command and verify:
P-F 37 v-10 . LFTVW-1 . - 1 S Open
v-11 LFTVV-2 4
v-12 LFTVV-3 . .
P-F 37 v-13 LFIVV =4 1 3 Open.

Reverse purge from C-5 out through C-3 and C-11 for 10 minutes, During
this time configure the main engines and command and verify:

P-F 38 v-21 LFPCV-1 1 s Open
P~F 38 V~22 LEFPCV=-2 - s Open

To purge the H, autogemous limes out through C-3.
Return the main engines to initial conditions and command and verify:

P~F 39 V=21 LFPCV-] 1 8 - Closed
P-F 39 V22 LFPCV-2 1 5 Closed

Reduce helium pressure to 20 PSTA and command and verify, in sequence:

P-F 40 V=10 LETVV-1 1 s Closed
V-11 LFTVV-2
v~12 LFTVV-3
v-13 LFTVV-4
V-8 LFIV-1
V-9 LFIV-2
V-26 LEIV~3
v-27 LFIV-4 Y
- V-14 LFFV-1 Closed
¢ Y T-3 PET-1 \J \ 20 PSIA
P-F 40 PfL.-2 1 S 20 PSIA

Command and verify:
P-F 41 V44, LOFV~2 1 s Open
When GSE at C-9 Indicates P = ambient, repressurize the C-9 with helium w

P-F 42 T-8 PoT-6 1/sec M,C 1500 PSL
P-F 42 T-9 PoT-7 1/sec M,C 1500 PSL



POSTFLIGIII-FERRY (Continued)

D=39

EXPECTED
PHA SE STET ELEMENT MEASUREMENT SAMPLES USE VALUE
Command and verify:
P-F 43 V=i LOFV=2 1 S Closed
Command and verify:
P-F 44 V-7 LOFV-1 1 5 Open
Pregsurize T~1 & T=2 through C-6 with helium,
When: . .
P~F 45 T-1 PoT-1 - 1/ 8ec M,C 35 PSIA
P-F 45 T2 PoT-2 1/sec M,C 35 PSTA
Command and verify: v -
P C 46 V-1 " LoIv-l 1 S Open
V-2 LOTIV-2
V=23 LOIV~3
V=32 LOPY~1
P-F 46 V=33 LOPV-2 1 5 Open

Purge for 10 minutes, After 5 minutes confipgure the maln engines to
purge L-3,4 down through the engines for 3 minutes, then return the

engilnes to inltial conditions.
After 9 minutes Command and verify:

P-T 47 V=24 LoTVV~1
pP-F 47 V-25 LOTYV-2

And open Lhe vent on C-2 for 1 minute.
Commnnd and verify:

P-1r 48 V-32 LOPYV-1
P-r 48 v-33 LOTPV-2

Terminate purge [rom C-6,
Command and verify:

-r 49 V-3 LovvV-1

V-4 LOVY=2
V-5 LOYV~-3
P 49 V=6 T.OVV-4

o

o

e —— =

L i

8

U w—1n

Open
Open

Closed
Closcd

Open

Open
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POSTFLIGNI-FERRY (Continued)

EXPECTEI
PHA SI STEP ELEMENT MILA SUREMENT SAMPLES USE VALUE

Reverse purge at 35 PSIA from C-1 out through the main qxidizer vent,

Command and verify:

PuF 50 v-19 LOPCV-1

1 5 Open
P-F 50 V=20 LOPCY=-2 1 s ’

Open
And configure the maln engines to purge the oxidizer autogenous lines,
Command and verify:

P=F 51 v-19 LOPCV-1 1 S Closed
P-F 51 V=20 LOPCV=-2 1 5 Closed

And return the main engines to initisal conditions,

Reduce the helium pressure te 20 PSIA and command and verify In sequence:

P=F 52 v~3 LOVV-1 1 S Closed
A LOVV-2
v-5 TOVV-3
V-6 LOVV-4
v-1 LOIV-1
V=2 LOIV-2
V=23 LOIV-3
v-7 TOFV~1 Closed
Y -] Poi-1 \j * 20 PSIA
PuF 52 Pol.-~1 1 S 20 PSIA

Command GSE to hold,

Command and verify:

P-F 53 GOV-1 T.GOV-11 1 3 Open

Gov-1 TGOV-1

Grv-1 LGEV-11

GFV-1 LGFY-1

G-1 LIOV-38

G-1 LIFV-38

GOV~2 LGOV-21

GOV-2 1.GOV~-2

GFV=2 LGFY-21

GFV=2 LGFV~2

G-2 LIOV-39

G-2 LIFV-39

GOV~3 LGOV-3T

GoV-3 L.GOV-3

GFV~3 LGFY-31

GFV-3 LGFY-3

Y G-3 LIOV-40 Y Y +

P-F 53 G-3 LIFvV-40 1 5 Open



- POSTFLIGHT-FERRY (Continued)

EXPECTED
PHASE STEP ELEMENT MEA SUREMENT SAMPLES USE VALUE

54, After 2 seconds command and verify all the valves of the previous step
closed, :

Command and verify:

P-F 55 GOV~4 LGOV=-4T - 1 5 Open
GOvV-4 LGOV~-4
GFV-4 LGFV=41
GFV-4 LGFV=-4 .
GOV-5 LGOV=-5I
GOV~5 LGOV=-5
GFV=5 LGFV~31
GFV~5 LGFV=-5
GOV=6 LGOV-6T
GOv=-6 LEOV-6
¥ y GFV-6 LGFV-6T - Y #' v
P-F 55 GFV-6 LGFV=~6 1 8 Open

56, After 2 seconds command and verify all the valves of the previous step
closed,

Command and verify:
P-F 57 V=70 ) LFFV-2 . 1 ] . Open
When GSE at C=10 Iindicates P = ambient,

Command and verify:

P~F 58 V=55 LFIV-1 1 3 Open
V=53 LPsSV-4
V=56 LFIv-2
V-56 LPSV-5
V=57 LFIV~3
P-F 58 V=57 LPSV-6 1 8 Open

Purge for 2 minutes from C-11 out through C-10,

Reduce the purge pressure to 19 PSIA and command and verify in sequence:

P-F 59 V=70 LFFV~2 1 S Closed
V=55 LFIV-1.
V=55 LPSV=4
V=56 LFIV-2
V-56 LPSV-5
V=57 LFIV-3
V=57 LPSV-6 Closed
=10 PET~4 v 19 PSIA

19 PSIA

[
W

P~F 59 T-11 PET~5
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POSTFLIGHT~-FERRY (Continued)
EXPECTEL
PHASI STEP TLEMENT MEA SUREMENT SAMPLES USE VATUR
Increase purge pressure at C-11 to 35 'PSIA.
Command and verify:
P~F 60 V=58 LFIV~4 1 S Open
’ V=59 LPSV-7
- V=60 LFIV~3
V=61 LPSV-8 ‘
V=62 LFIV-6
V=63 LPSV-9
TFV-1 LEFV=~1
EFV-2 LEFV-2
EFvV-3 LEFV-3
LFV~4 LEFV-4
EFV=5 LEFV-5
EFV-6 LEFV-6
EFy-7 LEFV-7
LEFy=-8 LEFV-8
EFV=-9 LEFV-9
EFV-10 LEFV-10
| Y EFy-11 LEFV-11 | J Y
P-F 60 EFv-12 LEFV-12 1 5 Open
The turbofan engilne controllers command and verify:
P-F 61 FCA-1 LFIV A/B~1 1 S Open
FcA-1 LCPRV-1
FCA-1 LSPV-1
FCA-2 T.FIV A/B-2
FCA=-2 LCPRV-2
FCA-2 LSPV-2
FCA=-3 LFIV A/B-3 ]
# FCA~3 LCPRV-3
\ Y v Y
P-F- bl FCA-3 L8PV=-3 1 8 Open
Purge for 5 minutes;
- Reduce the purge pressure to 19 PSIA,
62. The A/B engine controllers command and verify closed the valves of
step 61 in reverse order to which they were opened,
63, Command and verify the valves of step 60 closed in reverse order to
which they were opened,
Command and verify:
PuF . b4 V-28 LFTVV=-5 1 S Closed
V=29 LFTVV=-6
V=30 LFIVV-7 ¢ ¢
P~F 64 V=31 LFIVV~8 1 S Closed



POSEFLIGH) -FERRY

(Continued)

D=43

. EXPLCTED
PHASE STIP LLEMENT - MIA SUREMENT SAMPLES Usk VALUE,
Terminate purge From C-11.
Verify:
pP-F 63 T=-5 PEL=-2 1 S 19 PSIA
P-F 65 L6 PE£T-3 1 5 19 PSIA
AtLach A/B cngine covers,
‘Command and verify:
P-F 66 V=44 LOFvV-2 1 5 Open
When GSE indicates P - amblent nt ¢-9.
Command and verify:
P-F 67 V=52 LLIV-1 1 S Open
V=52 LPsV~-1
V=53 LLIV=-2
V-53 LPSV=-2
V-54 LLIV~3
P-F 67 V=54 LPSV-3 1 3 Open
Purge for 2 minutes from the on~orblt oxidizer vent out through C-9,
_Reduce the purge pressure to 19 PSIA.
Command and verify 1in sequence;
P=-F 68 V=44 LOFV=2 1 5 Closged
V=52 LLIV-1
V=52 LPSV~1
V=53 LLIV=-2
V=53 LPSvV-2
V=54 LLIV=-3
V=54 LP8V=3
) V=24 LOTVV-1 y Y
P-F 68 V=25 LOTVV~2 1 5 Closed
Terminate purge from on-orblt oxidizer vent,
Verify:
P~F 69 T=4 PoT=-3 1 5 19 PSIA
70, Complete main englne purge,

Seecure and disconnect the Drain and Purge GSE.
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POSTFLIGHT-FLRRY (Continued)

EXPECTIT
PHA SE SIET FLEMENT MEA SUREMENT SAMPLE 8 USIw VALUIL
P-F 71 C-1 LOFC-1 1 S Closed
c-2 THe-1,2
C-3 LFIVC-1
C-4 LHC=3,4
C-5 LFFC-1
C~6 LRC-5,6
Cc-8 LIC-7,8
C~9 LOFC-2
C-10 LFFC-2
P-F 71 =11 LFvVC-1 1 S Closed
_Purge complete,
Mechanically lock v-1, 2, 8, 9, 23, 26, 27,
Power down the MPS.
Verify:
P-F 72 V-1 1.OIV-1 1 S Closed
V=2 LOTIV~2
V-8 LFIvV-1
V-9 LFIV-2
V=23 LOIv-3
V-26 LFIV-3
P~F o 72 V=27 LFIV-4 1 S Closed

Input flight data to proceasing system for trend analysis, performance

evaluation, and/or maintenance report,

Power down OCMS,
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MAINTENANCE
1. Tow the orbiter to the maintenance area,

2. Perform maintenance as required per maintenance procedures of

Appendix C, MCR~70-306, Issue 3,

OCMS is powered up, self-checked, and used for retest.

Verify; . EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
M 3 V-1 1OIV-1. 1 S Closed
V=2 LOIV=-2 -
V-3 LOVV=-1.
V=4 LOVW-2
V=5 LOVV-3
V=6 LOVV=-4
V-7 LOFV-1
V-8 LFIV=-1
V-9 LFIV=-2
v-10 LFTVV-1
V=11 LFTVV-2
v-12 LFTVV=3
V=13 LFIVV=4
V14 LFFV~1 -
V-19 LOPCV-1
V=20 LOPCV-2 .
V=21 LEFPCV-1
V=22 LFPCV=2 _
V=23 LOIV=-3
V=24 LOTVV=-1
V=25 LOTVV-2
V-26 LFIV=-3
V=27 LEIV=4
v-28 LETVV=5
V=29 LFTVV=-6
V=30 LFTVV=-7
v-31 LFTVV-8
V=32 LOpV-1
v-33 LOPV-2
V=34 LFPV=1
V=35 L¥PV=2
c~1 LOFC~1
Cw2 LHC-1, 2
c~3 LFTVC=-1
C-4 LHC-3, 4
C=5 LFFC-1
C6 LHC-5, 6
C-8 LHC-7, 8 Y
c-11 LEFVC~-1 Closed
T=3 P£T-1 . 19 PSIA
¥ Y Tu5 PfT~2 Y |
M 3 T-6 PEfT=3 1 S 19 PsIA
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MATNTENANCE (Continued)

EXPECTED
PHASE . STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
M 3 T=1 PoT-1 1 S 19 PSIA
T-2 - PoT-2
Tl PoT~3
L=-20 PfL-1
1L-21 P£fl.-4
M 3 L-17 PoL-2 1 s 19 PSIA
Verify: h
M 4 PoL-8 1 S 19 PSIA
* PolL.-9 * ¢
! b
M 4 P£L.=10 1 5 19 PSIA
Verify:
M 5 V=36 LOPV~-3 1 S Closed
V=37 LOPV-4
V=38 LOPV=5
V=39 LOPYV-6
V=40 LFPV~3
V=41 LFPV=-4
V=42 LFPV=-5
V=43 LFPV=6
V=44 LOFV=2
V=70 LFFV=-2 1
C=9 LOFC=2 Y
C=10 LFFC-2 Closed
T-8 PoT~4 19 ,PSTA
T-9 PoT~5 ¢
Y Y T-10 PET-4 Y \
M 5 T=11 P£fT-5 1 8 19 PSIA
Verify:
M 6 GOV-1 LGOV-1I 1 8 Closed
GOV=-1 - LGOV=-1
GOV-2 LGOV~2
GOV~2 LGOV~-21
GOV=3 LGOV-3
GOV-3 LGOV-31 |,
GFV-1 LGFV=-1
GFV=1 LGFV=-11
GFV~2 LGFV=2
GFV~-2 LGFV-21
GFV-3 LGFV=3
GFV=3 LGFY-31
Y Y V-52 LLIV-1 Y ) Y
M 6 V=52 LPSY-1 1 5 Closed
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MAINTENANCE (Continued)

EXPECTED
PlHASE “STEP ELEMENT . MEASUREMENT SAMPLES USE VALUE
M 6 V=33 LPSv-2 1 S Cloged
V=53 LLIV-1
V54 LLIV~-3
V=54 LPSV-3
V=55 LFIV~1
V-55 LPSV=4 '
V=56 LFIV~-2
V=56 LP3V=-5
V~-57 LFIV-3
V-57 LPSV=-6
G~1 LIOV-38
G-1 LIFV~-38
G-2 LIOV-39
G-2 LIFV~39 :
Y \j 63 LIOV~40 \ V Y
M 6 G-3 LIFV-40 1 B} Closed
Verify:
M 7 GFV=4 LGEV=-41 1 8 Closed
GFV-4 LGFV-4
GFV=5 LGFV-5T
GFV=~5 LGEV~5
GFV~6 “LGFV=-61I
GFV-~6 LGEFV-6
GOV=-4 LGOV=-41
GOV-4 LGOV-4 o
GOV=5 LGOV~5T
GOV=5 LGOV-5
GOV-6 LGOV-6I
GOV-6 LGOV-6
V-58 LFIV-4
V~59 LPSV=-7
V-60 LFIV=-5
V=61 LPSV~8
V=62 LFIV-6
V=63 LPSV-9.
EFV-1 LEFV~1
EFV-2 LEFV~-2
Erv-3 LEFV-3
EFV~4 LEIV-4
EFV=-5 LEFV-5
EFV-6 LEFV-6
EFV-7 LEFV-7
EFV~-8 LEFV-8
EFV=~9 LEFV-9
EFV=-10 LEIFV-10
EFV~-11 LEFV=-11 v
EFV=-12 LEFV-12 Closed
PfL-11 19 PSIA
v Y PfL~12 Y Y 19 PSIA
M 7 PfL-13 1 S 19 PSIA
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MAYNTENANCE (Continued)

EXPECTEL
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
The A/B engine controllers shall verify the following:
M 8 FCA-1 LFIVAB=-1 1 5 Closed
FCA=1 LCPRV=-1
FCA~1 LSpV~-1
FCA~2 LFIVA/B~2
FCA-2 LCPRV-2
FCA-2 LSP¥-2
FCA~3 LFIVA/B~3
Y FCA~3 LCPRV=-3
M 8 FCA-3 1.SPV-3 1 s Closed
Retract the engine cradles.
V,AB, MATE
1. Repeat step M=3.
2. Verify the following:
EXPECTEL
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
V.A,B, 2 T-3 Tfr-1 1 8 Ambient
T=5 TfT-2
Twb TET=3
Twl ToT-1
T-2 ToT-2
T=4 ToT-3 Ambient
T=3 Qfr-1 uncovere
T=3 QfT=2
T=3 QfT-3
T=5 QfT-4
T=5 QfT-5
T-5 QfT-6
T~6 QfT~7
T-6 QfT-8
T=6 QfT~-9
T=l QoT-1
T-1 QoT-2
T-1 QoT=3
T-2 QoT-4
Tw=2 QoT~5
T2 QoT=6
T=4 QoT=-7
Tmds QoT-8 Y
Tl QoT=9 Uncovere
PfL-2 19 PSIA
PfL-3 19 PSIA
1L-20 TfL-1 Ambient
4 v TfL.-2 v Y Ambient

—— A
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V,A,B, MATE (Continuad)

EXPECTED
PHASIH STEP ELEMENT MEASTIREMENT SAMPLES USE VALUE
V.A.B 2 L-21 " TfLe4 - 1 8 Ambient
TfL-5 - ‘Ambient
PoL-1 19 PSIA
L-18 PoL~3. ) 19 PSIA
ToL=-1 Ambient
L-17 ToL=2
L=-18 ToL-3 .
ToL~4 - Ambient
L=14 PgF-1 19 PSIA
0-5 PgF-2
L-16 PgF=3
C=5 PfF~1
1-13 Pg0-1 19 PSIA
0~3 Pg0~-2 19 PSIA
L-15 Pg0~-3 19 PSIA
L-14 TgF-1 Ambient
L-14 TgF=-2 Ambient
L~13 Tg0=-1 Ambient
L-13 Tg0-2 Ambient
L-8 PfS~1 19 PSIA
L-9 P£S~-2 19 PSIA
L-8 T£S~-1 Ambient
1-9 T£S=-2 Ambient
L-3 PoS~1 19 P3IA
L& PoS~2 19 PSIA
L-3 ToS~1 Ambient
L-4 ToS-2 ) Ambient
vy \j L-7 PgRL-1 v ¥ 19 PSIA
V.AB. 2 C~1 PoF=1 1 s 19 PSIA

PAYLOAD INSTALLATION

1,. Repeat steps V,A,B, - 1, 2,
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PRELAUNCH

Connect electronics coolant GSE and Ground Power GSE.
Power up OCMS and all propulsion systems,
Perform OCMS self-check.

1. Remove the mechanical stops from V-1, 2, 8, 9, 25, 26, 27,

Verlifys EXPECTEL
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
PL 1 V-1 LOIV~] 1 8 Closed

Ve2 LOLV=2
V-8 LFIV=~-1
V=9 LFIV=-2
V=23 LOIV-3
V=26 LFIV=3
PL 1 V=27 LFI1V=4 1 8 Closed
Verify leak integrity!
PL 2 Tw3 PET-1 1 8 15-20 PE
. T-5 P£T-2
Tw6 P£T-3
T=1 PoT-1
Tw=2 PoT=2
T=4 PoT-3
PoL-1
L-17 PoL~2
L-18 - PoL-3
1-20. PfL=1
PfL-2
PfL=-3
L-21 PEL~4
L-3 PoS-1
L~4 PoS-2
L-8 P£S-1
L=-9 P£5-2
L-14 PgF-l
0=5 PgF=2
L-16 PgF=-3
L-13 Pgo-1
0-3 Pg0-2
L-15 Pg0-3
C=5 PfF-1
c-1 PoF-1
L~-7 PgRL~1
Y Y Fuld PoL-10 J Y v
PL 2 F=5 PfL-14 1 s 15-20 PS
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EXPECTED
 PHASE STEP _ FLEMENT . MEASUREMENT SAMPLES USE_ VALUE
Command and verify:
PL -3 MEC=1 1 5 On
PL 3 MEC-2' 1 S On
PL 3 MEC=3 1 8 On
Command and verify:
Pl 4 V-l LOIV-1 1 S Open
V=2 LOIV=-2- ’
V-8 LFIV-1.
V-9 LFIV=-2 :
V~-23 LOIV-3.
V=26 LFIV-3:
PL L3 v-27 LFIV-4. . 1 5 Open
Verlfy:
PL 5 V-3 LOVV-1 1 S Closed
V=4 LOVV-2'
V-5 LOVY-3
V=6 LOVV-4
V-7 LOFV-1
V=10 LFTVV-1
V=11 LFTVV=-2
V=12 LFTVV-3
V-13 LFIVV-4
V=14 LFFV-1
V=19 LOPCV~-1
V=21 LFPCV=1.
V=22 LFPCV=-2
V-23 LOIV-3,
V=24 LOTVV-1
V=25 LOTVV-2
v-28 LFTVV~-5
V=29 LFIVV=-6
V=30 LFTVV=7
V-3l LEFTVV-8.
V=32 LOPV-1
V~33 LOPV=-2".
V=34 LFPV-1,
V=35 LFPV-2, .
C~1 LOFC~1
c-2 LHC-1,.2
Ce3 LFTVC~1
C-4 LHC-3, &4 -
C=5 LFFC-1
C-6 LHC-5, 6
c-8 LHC-7,8 '
¥ | c-11 LFVC-1 v ¥ Y
PL 5 V=20 LOPCV=-2 1 S

Closed
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PRELAUNCH

PL

PL

PL,

PL

PL

{Continued)
EXPECTEL
PHASE STEP __ELEMENT MEASUREMENT SAMPLES USE, VALUE
6.. (a) Connect hydraulic GSE.
(b) Connect GN2 purge GSE.
(c) M.E.C-1, 2 conduct dry main engine start and shutdown'
Bequence, '
Status is reported to CCC,
Verify:
7 TR-(1-37)  LBIV-(1-37) 1 8 Closed
TR(1-37) LMBV=-(1~37) ’
TR(1=37) LIOV~(1~37)
TR(1~37) LIFV=-(1=37) Closed
TR(1-37) VII-(1-37) 0 VDG
7 TR(1-37) ITE~(1-37) 1- S 0
Simulate:
7 TC-(1-37) PC-(1-37) 1 c/0 300 PST.
Verify:
8 V=36 LOPV=-3 1 S Closed
V-37 LOPV-4
V=38 LOPV=-5
V-39 LOPV=6
V=40 LFPV-3
V=41 LFPV-4
V=42 LFPV-5
V=43 LFPV-6
Veih LOFV-2
V-70 LFFV-2 L
C~-9 LOFC-2
c-10 LFFC-2 Closed
T-8 PoT-4 19 PSIA
T=9 PoT=5
T=10 PET-4
T-11 PE£T=5
PoL~8
Y PoL=9 Y Y
8 P£L-10,9 1 s 19 PSIA
And simulates
8 PoL=-6 1 c/o 400 PSL
F-6 . PaL~4 1500 PS
T=8 PoT~6 1500 PS
T~8 ToT-4
T~9 ToT~5
T=9 PoT-7 1500 PS
F-7 PaL~5 1500 PS
% Pol,=7 400 PSL
8 PfL-7 1 /o 400 PSL
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: EXPECTED
PHASE STEP ___ ELEMENT MEASUREMENT SAMPLES USE VALUE
PL 8 F-8 PfL-5 1 c/o 1500 PSIA
T«10 PET~6 - 1500 PSIA
T=10 TET-&4
Twll TET-5
T=11 PET=7 1500 PSIA
F=9 P£fL=6 1500 PSIA
PL 8 PfL-8 1 c/0 400 PSIA
Verify:
PL 9 GOV-1 LGOV-1 1 S Closed
GOV-1 LGOV-1I
GOV~2 LGOV~-2
GOV-2 LGOV-2T
GOV~3 LGOV-3
GOV-3 LGOV~31
GFV-1 LGFV~1
GFV=1 LGFV-1I
GFV=-2 LGFV=-2
GFV=2 LGFV~2I
GFV-3 LGFV-3
GFV-3 LGFV=31
V=52 LLIV-1
V=52 LPSV-1
V=53 LLIV=-2
V=53 LPSV-2
V54 LLIV-3
V-54 LPSV=-3
V=55 LELV-1
V=55 LPSV-4
V=56 LFIV=-2
+ V=56 LPSY-5
v V57 LFIV-3. Y v ¥
PL 9 V57 LP8V=-6 1 S Closed
and:
PL 9 G~1 LIOV~38 1 S Closed
G-1 LIFV-38
G~2 LIOV-39
G=2 LIFV-39
G=3 LIOV=40
G-3 LIFV-40 Closed
G-1 VII-38 ov
G-2 VII-39 ov
G=3 VIL-40 ov
G=1 VIEO-1 OVDC
G=2 VIEO-2 ovVDC
G=3 VIEQ=3 OvVDC
G-1 IIE~-38 0
+ Y G-2 11E-39 \ \ 0
PL 9 G=3 IIE-40 1 S 0
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PRELAUNCH (Continued)

] L o ) EXPECTED
PHASE STEP __ ~ ELEMENT _ MEASUREMENT SAMPLES -~ USE VALUE
PL 9 PT=-1 QPTL~-1 1 s
PL 9 PT=2 QPTL-2 1 S
PL 9 PT=-3 QPTL-3 1 S

and simulate:

PL 9 G-1 PC-38 1 c/o
G-2 PC~-39
G-3 PC-40
c-1 TC-1
G-2 TCw2
G-3 TC-3
V46 PCY-1 1500 PSI
V=49 PCV~4,
H-4 PIEO-1
H-7 PHEQ-4 1500 PSI
Hed THE~-1
H~7 THE~4
p-1 PPD~1 1500 PSI
P-4 PPrbh~4
V=47 PCY~2
V-50 PCV-~5
H~5 PHEQ-2
H-8 PHEO-5 1500 PSI

Y Y H-5 THE~2 \4 \j

PL 9 H-8 THE~5 1 c/o

and

PL 9 P2 PPD~2 . 1 c/o 1500 PSI
P~5 PPD~5
V=48 PCV=~3
V=51 BCV~6
He6 PHEO-3
H=9 PHEO-6 1500 PSI
H~6 THE~3
H~9 THE~6
P-3 PPD-3 1560 PSI
P-6 PPD~6 1500 PSI
U-1 NT-1 ..
U~1 AT-1
-2 NT=-2
U=-2 AT=2 .
U-3 NT=3
U=3 AT=3
P-1 NP-1

¥ ¥ P~1 Ap-1 Y v
PL 9 P2 Np=-2 1 c/o
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"EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
PL, 9 P=2 AP-2 1 c/o
: P-3 NP-3
P-3 AP-3
P-4 NP-4
P-4 AP-4
P-5 NP-5
P~5 ApP~5
P-6 NP-6
P-5 AP-6
PT-1 NS-1
PT-2 NS-2
PT~3 N8-3
CL-1 AC-1
CL-2 AC-2
CL-3 AcC-3
CL~-4 AC~4
CL-5 AC-5
CI~6 AG-6
CL-7 AC-7
CI~8 AC-3
¥ \j CL~9 AC-9 Y Y
PL 9 P-1 TPR~1 1 c/o
And:
PL 9 P2 TPB-2 1 c/0—
P-3 TPB-3
Puty TPB=4
P-5 TPB-5
P-6 TPB-6
PT-1 TPTB~1
PT-2 TPTB=~2
PT-3 TPTB-3
PT-~1 TPTL-1
PT=2 TPTL~2
. PT-3 TPTL,~3
$ PT-1 PPTL-1
v PT-2 PPTL-2 Y ¥
PL 9 PT-3 PPTL~3 1 c/o
OCMS will conduct a dry A/B start
Verify:
PI1. 10 V-58 LFIV-4 1 S Closed
! V=60 LFIV-5 i !
‘ V=62 LFIV-6 '
l V=59 LPSV-7 ¢
V=61 LPSV-8
PL 10 V=63 LPSV~9 1 S Closed
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PRELAUNCH (Continued)

EXPECTEI
PHASE STEP ELEMENT ‘MEASUREMENT SAMPLES USE VALUE
FL 10 G-b Vii-41 1 5- OvVDC
G-4 IIE-41 0
G4 VIED=4 VDG
GEV~4 LGFV-41 Closed
GEVa=4y LGFV-4
GOV=4 LGOV~4L
GovV-4 LGOV=4 Closed
PL 10 PT-4 QTPL-1 1 5
Simulate:
PL 10 U-4 NT~4 1 - ¢/o
PT-4 AT=4
PT-4 PTPL~1
PT-4 TTPL~1
P=7 PPD~7 50 PSIA
PL 10 Pu7 AP-7 1 c/o
Verify:
L, 11 G~5 VIii-42 1 S ovDC
G=5 ITE-42 0
G-5 VIED=-5 QVDC
GEV~5 LGFV=51 Closed
GFV~5 LGFV=-5.
GOVe5 LGOV-51
GOV~5 LGOV-5 Closed
PL il PT~5 QTPL~-2 1 S
Simulate:
PL 11 U=5 NI=5 1 c/o
U=5 AT-5
PT-5 PTPL=2
PT=5 TTPL~2
P~-8 PPD~-8 50 PSIA
PL 11 P-3 AP-8 " 1 c/0
Verify:
PL 12. G-6 Vii-43. 1 S OvDC
i G~6 I1E-43 0
G-6 VIED-b6 ovDC
GEFV-6 LGFV-61 Closed
GFV-6 LGFV-6
GOV~5 LGOV-61
¥ GOV-6 LGOV-6 Closed
PL 12 PT«6 QTPL-3 i ]
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EXPECTED

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
Simulate: -
PL 12 U=-6 NT-6 1 c/o
U=6 AT-6
PT~-6 PTPL~3
PI~6 TTPL=-3
P-9 PPD-9 50 PSIA
PL 12 P=-9 AP=9 1 c/o
Verify:
PL 13 EFV~l LEFV-1 1 s Closed
EFV-2 LEFV~2
EFV-3 LEFV-3
EFV-4 LEFV-4
EFV-5 LEFV-5
: EFV-6 LEFV-6
EFV~7 LEFV=~7
EFV-8 LEFV-8
EFV=-9 LEFV-9
ERV-10 LEFV-10.
EFV-11 LEFV~11
EFV~12 LEFV-12 Closed
PfL~11 19 PSIA
¥y PfL-12 \ Y 19 PSIA
PL 13 PfL-13 1 5 19 PSIA
Simulate: "
PL i3 TfL-6 1 c/o
PL i3 Tfi-7 1 c/0
PL 13 TfL-8 -1 c/o
A/B E.C.-1 will conduct a dry start of T.F.-1 by
verifying:
PL 14 FCA-1 LFIVA/B-1 1 s Closed
FCA=-1 LCPRV=-1 Closed
FH-1 VFH-1 ovDe
-1 IFH-1 0ADC
IGN=-1 VIIA/B-1 ovDG
IGN=-1 ITI-1 0
¢ IGN-1 VIEO-1 ovDC
Y LA-1 QLO-1
PL 14 FCA-1 LSPV-1 1 S Closed
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PRELAUNCH (Continued)

. EXPECTE
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
and simulating: ’
PL 14 FCA=-1 NVDVP-1 1 c/o’
FCA-1 PDVDVP-1
LA-1 PSPD-1
LA-1 TSPD~-1
FM-1 FfF-1
TF~1 NHPT-1
FD~1 FLB-1
TF-1 PFI-1
TF-1 TIA-1
TH=-1 NF-1
TF-1 PHPT-1
TF-1 THPT-1
TF-1 PED-1
TF-1 TED-1
+ TF-1 TLPID-1
 J TF-1 TCI-1 Y \j
PL 14 LA-1 PG-1 1 c/o
PL 14 LA-1 PLPD~-1 1 c/0
As well as:
PL 14 TF-1 PfCCI-1 1 cfo
TF-~1 T£CCI-1
TF=-1 TTB-1
FCA-1 TFH-1
FCA-1 NVDVP-1
TF-1 AFFB-1
) TF~-1 A¥CB~1
TR-1 ALPRB-1
Y COMP~1 FI1e-1 Y Y
PL 14 COMP~1 ACEC-1 1 c/0
A/B E.C.-2 will conduct a dry start of T.F.-2 by
verifying:
PL i5 FCA-2 LFIVA/B-2 1 S Closed
FCA-2 LCPRV-2 Closed
FH-2 VFEH=2 ovDCe
FH-2 IFH-2 OADC
IGN~-2 VIIA/B-2 OvVDC
IGN-2 III-2 0
IGN-2 VIEO-2 . ovDC
Y LA-2 QLO-2 Y.
PL 15 FCA=2 LSPV=-2 1. S Closed
And simulating:
P, 15 FCA-2 NVDVP-2 1 c/o
FCA-2 PDVDVP~-2
LA-2 PLPD-2
LA-2 PSPD=2
LA-2 TSPD~2
M-2 FfF-2
PL 15 TF-2 NHPT =2 1 c/o
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EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
PL 15 FD~2 FLB-2 1 c/o
TFw2 PFI-2
TF~2 TIA-2
TF~2 NF-2
TF-2 PHPT-2
TH-2 THPT~-2
TF-2 PED-2
TF-2 TED-2
_ TF-2 TLPTD-2
¥ | § TR=2 TCI~2 ] Y
PL 15 LA-2 PG-2 1 c/0
As well as:
PL 15 TF-2 PFCCI-2 1 c/o
THw2 T£CCI-2
TF-2 TTB~2
FCA-2 TFH-2
FCA~2 NVDVP-2
TF-2 AFFB-2
TF~2 AFCB-2
TF-2 ALPRB-2
y ¥ COMP-2 FIC-2 v v
PL 15 COMP-2 ACEG-2 1 c/o
A/B E.C.-3 will conduct a dry start of T.F.-3 by verifying:
PL 16 FCA=3 LFIVA/B-3 1 s Closed
FCA-3 LCPRV-3 Closed
FH-3 VFH-3 OVDC
FH-3 IFH-3 OADC
IGN-3 VIIA/B-3 OVDC
IGN-3 III-3 0
1GN-3 VIED-3 OVDC
v Y LA-3 QLO-3
PL 16 FCA~3 LSPV-3 1 S Closed
And simulating:
PL 16 FCA-3 NVDVP-3 1 c/o
FCA-3 PDVDVE-3
LA~3 PLPD-3
LA~3 PSPD-3
LA-3 TSPD=3
FM-3 FfF-3
TF~3 NHPT-3
FD-3 FLB-3
TF-3 PFI-3
TF~3 TIA-3
TF-3 NF-3
¥ AJ TF~3 PHPT-3 Y
PL 16 TF~3 THPT-3 1 c/o
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PRELAUNCH (Continued)

. EXPECTED
PHASE STEF ELEMENT MEASUREMENT SAMPLES USE VALUE
PL 16 TF-3 PED~3 1 c/o
TF~-3 TED-3
TF-3 TLPTD~3
TF-3 TCI~3
PL 16 LA-3 PG-3- i c/o
As well as:
PL 16 TF=-3 P£CGCI-3 1 c/0
TF-3 TE£CCI-3 )
T#-3 TTB-3
FCA-3 TFH~3
FCA-3 NVDVP-3
TF-3 A¥FB-3
TF-3 AFCB-3
TF-3 ALPRB-3 .
v Y COMP~3 FIC-3 Y Y
PL 16 COMP~3 ACEC-3 1 c/o
Remove all solid start cartridges.
A/B E.C.~1, 2, 3 will command and verify:
PL 17 sc-1 ve-1 1 c/0 28 VDC
PL 17 Sc-2 VG-2 1 c/o 28 VbC
Pl 17 8C-3 VC-3 1 c/o 28 VbC
Then command and verlfy:
PL 17 5C-1 vG-1 1 ¢c/o ovDe
PL 17 SC-2 VG-2 1 c/o 0vVDC
PL ~ 17 sc-3 vC-3 1 c/o e
Connect Zero-G 1lube pressurization GSE
A/B E.C,- 1, 2, 3 will verify:
FL 18 LA~1 FPZGL-1 1 c/0
PL 18 LA-2 PZGL~2 1 "G/0
PL 1 c/0

13 LA-3 PZGL-3

Stop and discommnect Zero~G lube GSE,.
Replace all solid start cartridges.
Command all propulsion systems off.

Command all engine controllers of#f.
Power down OCMS.
Disconnect all GSE.

Tow orbiter to pad.
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LAUNCHE
1. Connect orbiter to pad electrical interfaces.
Connect Electronic collant GSE,
2. Power up OCMS, Command OCMS self-check.
Power up all engine controllers. Command controller self-checks.
Power up all propulsion systems,
3. Verify:
EXPECTED
PHASE SIEP ELEMENT MEASUREMENT SAMPLES USE VALUE
L 3 V-1 LOIV-1 1 8 Open
Va2 LOIV~-2 . Open
V=3 LOVV-1 . Cloged
V-4 LOVV-2
V=5 LOVV-3
V-6 LOVV-4
v-7 LOFV~1 Closed
V-8 LFIV-1 Open
¥~9 LFIV=-2 . Open
V10 LFTVV¥~1 Closed
V-11 LFTVV=~2
V12 LFTVV~3
V~13 LFTVV-4
V14 LFFV-1 .
V19 LOPCV~1
V=20 LOPCV-2 -
v-21 i LEPCV~1 Y
V=22 LEFPCV=-2 , Closed
V=23 LOIV~3 Open
V=24 LOTVV-1 Closed
V-25 LOTVV~-2 Closed
V=26 LEFIV~3 Open
V-27 LFIV-4 Open
V~28 LFTVV=5 Closed
V-29 LETVV=6
V=30 LFTVV-7
V~31 LFTIVV-8
V=32 LOPV~-1
V=33 LOpPV-2
V=34 LFPV-1
V=35 LFPV-2
c-1 LOFC-1
c-2 LHC-1,2
C=~3 LFTIVC~1
Cols LHC-3,4
C-5 LFFC~1
C-6 LHC-5,6
c-8 LHC-7,8
c-11 LFVC~1 Closed
=3 P£T~-1 15~203 PSIA
\ Y -5 PET-2 \ §
L 3 Te6 P£T-3 1 5 15-20 PSIA
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LAUNCH (Continued)

:nl.A:EIU L L
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
1 3 T-1 PoT-1 1 5 15-20 PSIA
Tw2 PoT-2
T-4 PoT=-3
Pol~-1
L-17 PoL -2
L.-18 Pol, =3
1.-20 Pfi-1
PfL -2
PfL-3
L=21 P£fL =4
-3 POS~1
L~ POS ~2
L-8 P£5~1
L=9 Pfe-2
C-5 PEfF-1
g=1 PoF~1
L-7 PgRL-1
F-4 PoL~10
P~5 PfL-14
L-14 PgF-1
0~5 PgF -2
L~16 PgF -3
L-13 PgO~1
Y \j 0-3 Pg0 -2 4 Y Y
I 3 L~15 Pg0 -3 1 S 15-20 PSIA

ﬁ. Remove all protective covers.,

5. Verlfy RCS doors closed

 Verify:

6 TR~ (1-37)
TR~ (1-37)
TR~ (1~37)
TR~ (1~37)
TR~ (1=37)
V-36
v-37
v-38
V=39
V=40
V=41
)
Vels3
A
v~70

c~9

c-10
| j Tw8

6 T-~9

LBIV-(1-37)

IMBV~(1~37)
LIOV~-(1-37)
LIFV-(1~37)
VII~(1~37)
LOPV-3
LOPV~&
LOPV~5
LOPV=-6
LFPV-3
LFPV-4
LFPV~5
LFPV=6
1.0FV-2
LFFV=2"
LOFC~2
LFFC~2 °
PoT-4
PoT~5

-
tn -

' M.E.C.~1,2,3 will verify actuators locked, and igniters de-energized,

Closed

Closed
oVDC
Closed

Cl!;ed
1¢ PSIA
19 PSTA
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" EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
L 6 T=10 PET=~4 1 ] 19 PSIA
T-11 P£T-~5
Pol.~8
Pol.-9
P£Y1,-9
L 6 PfL~-10 1 8 19 PSIA
Verify:
L 7 GOV-1 LGOV-1 1 S Closed
GOV~1 LGOV~11
GOV~2 LGOV-2
GOV=2 LGOV-21
GOV-3 LGOV-3
GOoV-3 LGOV-31
GEV-1 LGFV-1
GFV=~1 LGFV~11 -
GFV~2 LGFV=2
GFU=2 LGFV-21
GFV=3 LGEV=-3 .
GFV=3 1L.GFV=-31
V52 LLIV-1
V~52 LPSV~1
V=53 LLIV-~2
V~53 LPSV-2
V=54 LLIV-3
V=54 LPSV-3
V=55 LFIV~1
V=55 LPSV-&
V~56 LFIV=-2
V=56 LPSV-5
V=57 LFIV-3
V=57 LPSV-6
G=~1 L.IOV=-38
G=2 LIOV-39
G=3 LIOV-40
G-1 LIFV=38
G-2 LIFV~39
G-3 LIFV=-40 Closged
G-1 VII-38 ov -
v Y G-2 VII~-39 Y Y ov
L 7 G=3 VII=40 1 8 ov
Verify:
L 8 GEV=-4 LGFV-4I 1 8 Closed
GFV~4 LGFV-4
GOV=4 LGOV=4T
GOV-4 . LGOV-4
GFV=5 LGFV-51
L 8 GFV-5 LGFV~5 1 S Closed
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LAUNCH (Continued)

.. EXPECTED
PHASE STEP-  ELEMENT MEASUREMENT SAMPLES USE VALUE
L 8 GOV~5 LGOV~-5I 1 S Closed
GOV~5 LGOV~-5
GFV-6 LGFV-61
GFV=6 LGEV~6 .
GOV=-6 LGOV~-61
GOV~6 LGOV~6
V-58 LFLV~4
V-59 LPSY~7
V-60 LFIV~5
V-61 LPSV-8
V~62 LFIV~6 4
V=63 LPSV=9 Closed
G~1 VII=41 ovDC
G-2 ViI-42
G~3 VII-43 ovDC
EFV~-1 LEFV-1 Closed
EFV-2 LEFV=-2 ‘
: EFV~-3 LEFV~3
: EFV=4 LEFV=4
‘ EFV=5 LEFV=~5
EFV-6 LEFV~6
EFV-7 LEFV~7
EFV~8 LEFV=-8
EFV-9 LEFV-9
EFV-10 LEFV~10
EFV~11 LEFV-11
EFV-12 LEFV-12 Closed
PfL-11 19 PSIA
Y + PfL-12 Y Y '
L 8 PfL-13 1 S 19 PSIA
A/B E.C.-1,2,3 will verify:
I g FCA~1 LFIVA/B-1 1 5 Closed
FCA-1 LCPRV~-1
FCA~1 LSPV~1 Closed
_IGN-1 VIIA/B-1 ovDC
FCA-2 LFIVA/B~2 Closed
FCA-2 LCPRV=2
FCA=2 LSPV=2 Closead
IGN=-2 VIIA/B=2 ovDe
FCA-3 LFIVA/B-3 Closed
FCA-3 LCPRV~3 ‘
Y Y FCA~3 LSPV~3 Y Clésed
IGN-3 VIIA/B-3 ovDe

10 Connect helium servicing GSE to each main engine purge

accumulator and service with 2000 Psia dry helium,
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LAUNCH (Continued)

EXPECTED

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE

I'."".q-

ok

H

Connéct the Propellant Servicing and Pressurization GSE to the following
couplings and verify:

11 c-1 LOFC~1 1 S Open

c-2 LHC-1,2

c~3 . LFTIVC~1

Code LHC-3,4

C-5 LFFC~1

C-6 LHC-5,6

C~8 LHC~7,8

c-9 LOFC~2 ‘
¥ c-10 LEFC-2 Y y Y
11 Cc-11 LEVC~1 | 1 8 Cpen

Command pre-~propellant loading purge sequence of the maln engines,
When the main engine controllers indicate ''ready for p&opellants",

command and verify;

12 v-1 LOIV-1 1 5 Closed
V=2 LOTV=2 Closed
V-7 LOFV~L Open
. V=24 ) LOTVV-1
12 V-25 LOTVV-2 1 S Open
Command LOX transfer to slow mode,
Verify operations by checking:
13 L-17 ToL-2 1 s <200°R
Whent
14 Tud QoT~7 10/sec c Covered

Command J.OX recireulation helium on at C~2, and command LOX transfer to
fast f£ill,

When:
15 Ted QoT~8 10/sec C Coverad

Command LOX transfer to slow fill and command termination of helium

recirculatien,

When

16 Tl GoT~9 10/sec ] Covered
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~ LAUNCHE {Contipnued)

EXPECTED
PHASE - STEP ELEMENT MEASUREMENT SAMPLES' USE " ___VALUE
Command LOX to mode hold.
Verify:
L 17 T=4 ToT-3 . 1 S 164-+3°R
L-17 ToL~-2
-3 . ToS~-1 '
Tmds ToS=2
1-17 PoL-2
1-3 PoS-]
j ' L=4 PoS~2
I 17 L~7 PgRI.~1 LA s
Visually check for leakage with scan cameras.
bommence monitoring for leakage with compartment gas analyzers.
Coﬁmﬁnd and verifyy
L 18 V~3 LOVV-1 1 S Open
) Vel LOVV=-2
V~5 LOVV-3
V-6 LOVV-4
V-1 LOIV~1 Open
L. 18 . V=23 LOIV=3 1 s Cloged
Command LOX transfer to slow mecde,
Verify operation by checkings
L 19 Tol.«-1 1 8 < 2000R
When
1 20 T-1 - QoT~1 10/sec C Covered
Command LOX Recirculation helium on at C~2, and compand LOX transfer to
fast £fill,
When:
L 21 T=1 QoT~2 10/sec C Covered
Command LOX transfer to slow £i1l and command termination of helium
recirculation.
When:
L 22 - Tl : QoT~3 10/sec c Covered
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EXPECTED
FPHASE STEPD ELEMENT MEASUREMENT SAMPLES USE VALUE
Command LOX to mode hold.
Verify:
L 23 T-1 ToT-1 1 S 164i%$R
7 TolL-1 ¥ Y 164#3°R
L 23 -1 Pol~-1 1 S
Command and verify:
L 24 v-1 LOIV-~1 1 s Closed
L 24 V-2 101V-2 1 8 Open
Command LOX transfer to slow mode.
Verify operation by checking:
L 25 L-18 ToL-3 1 S < 200°R
When- -
L 26 T-2 QoT-4 16/zec C - Covered
Command LOX recirculation helium on at C-2, and command LOX transfer
to fast £ill,
When
L N 27 T-2 QoT-5 10/sec c Covered
Command LOX transfer to slow fill and command termination of helium re-
circulation.
When:
L 28 T-2 QoT-6 10/sec C Covered
Command LOX to mode hold,
Verify:
L 29 T-2 ToT=2 1 s 164i%§R
¥ ] L-18 ToL-3 ¥ ¥ 164+3°R
L 29 L-18 PoL-3 1 s
Command and verify:
L 30 V-2 LOIV-2 1 S Clesed
L 30 “V=7 LOFV-1 1 8 Closed
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LAUNCH (Continued)

: _ : o EXPECTED
PHASE ~ STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
Command and verify:
L 31 V-44 LOFV-2 1 8 Open
. When:
1 32 -8 PoT-4 1/sec S 14.7 PSIA
L 32 T=-9 PoT~5 1/sec S 14,7 PSIA
Commence servicing T-8, 9 with G02.
Monltor:
L 33 T-8 PoT-6 1/sec C 1500 PSTA
‘ ¢ T-8 ToT-4 & .
T-9 PoT=7 1500 PSIA
L. 33 . T-9 ToT-~5 1/sec c

E —tt

e

Compute accumulator quantity, and send hold command to GSE at full load.

. Command and verify:

34 ) V-4t LOFV~2
Monitor:
35 T-8 PoT~6
T-8 ToT-4
T=9 PoT-7

35 ) =9 ' ToT~-5
For decay,

Command and verify:

36 v-70 LFFV-2
When

37 T-10 PET=4

37 T-11 P£T-5

Commence servicing T-10, 11 with GHZ,

Monitor:
38 T-10 PET-6
T-10 TET-4
T-11 PET-7
38 T-11 TET-5

o

1/sec
1/sec

1/sec

1/sec

R =

Q e O3

Closed

1500 PSIA

1500 PSIA

Open

14,7 PSIA
14,7 PSIA

1500 PSIA

1500 PSIA
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LAUNCH (Continued)

EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE

Compute accumulator quantity, and send heold command to GSE at full load,

Command and verify:

L 39 V-70 LFFV=-2 1 S Closed
Monitors:
L 40 T~10 PET-6 1/sec M 1500 PSIA
T-10 TET=4 ‘
T=11 PET-7 . 1500 PSIA
L 40 T-11 T£T-5 1/sec M
For decay,
Reverify:
L 41 PoL~- 8 1 S 19 PSIA
PoL-9 *
. PfL-9
L 41 ’ PfL-10 1 S 19 PSTA
Connect vents to TR~15 and TR~9,
Connect vents to TR-2 and TR~3,
Verify:
L, 42 F~6 PoL-& 1 S 1500 PSIA
F-7 PoL-5 ; ¢
Fe8 P£L-5
L 42 ¥-9 PfL-6 1 S 1500 PSIA
Command and verify:
L 43 TR-2 LBIV-2 1 S Open
TR=~2 LMBV-2
TR=2 LIFV=2
TR~2 LIOV-2
TR=3 LBIV-3
TR-3 iMBV-3
TR~3 LIFV-3
TR~3 LIOV=3
TR~9 LBIV-9
TR~9 LMBV-9
TR~Q LIFV~9
TR~9 LIOV-9
TR~15 LBIV~-15
TR~-15 IMBV=-15
¥y TR~15 LIFV-15 Y y
L 43 TR~15 LIOV-15 1 8 Open
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LAUNCH (Continued)

- EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
L - 4t PoL-8 1/sec A.R. "~ C Ambient
PoL-9 ‘l
Pfl.=-9
L 44 PfL-10 1/sec ALR, C Ambient
Command and verifys
L 45 TR-2 LBIV~2 1 ] Closed
TR~2 ILMBV=~2
TR~2 LIFV~2
TR~2 LIOV-2
TR~3 LBIV-3
TR-3 iMBV~3
TR-3 LIFV-3
TR~3 LIGV-3
TR-9 IBIV~0
TR~9 1MBV-9
TR~9 LIFV-9
TR~9 LIOV-2
TR-15 LBIV-15
TR-~15 ILMBV-15
¥ Y TR~15 LIFV-15 Y Y v
L 45 TR~15 LIOV-15 1 S Closed
Command and verify:
L 46 V=36 LOPV-3 1 S Open
$ y-38 LOPV-5 ¢ é o
V=40 LFPV-3
L- 46 V=42 LFPV=-5 1 S Open
> Verify:
LT 47 PoL~6 1 S 375-400 PSIA
PoL=-7 ‘
PEL~7
L. 47 P£L~8 1 S 375-400 PSIA
' Command and verify:
L 48 V-36 LOPV-3 1 5 Closed
v-38 LOPV-5 ;
V-40 LFPV-3
L 48 V42 LFPV~5 1 S Closed
Repeat steps L~43, &4, 45,
Command and verify:
L - 49 v-37 LOPV-4 1 S Open
V-39 LOPV~-6 *
v-41 -L.FPV-4
L 49 V=43 LFPV-6 1 S Open
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.- EXPECTED
- PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
Repeat step L-47.
Command and vexify:
L 50 V=37 LOPV~4 1 S ‘Closed
V-39 LOPV~6 4 *
V-41 LEPV=4
L 50 V=43 LFPV~6. 1 ] Closed
Monitox:
L 51 PoL~-6 5/sdc M. 375-400 PSIA
é PoL-7
P£L-7
L 51 P£L.-8 5/sec M 375-400 PSIA
For decay.
Command and verifyst,
L 52 V~36 LOPV-3 1 S Open
V=37 LOPV-4
V~38 LOPV-5
| V-39 LOPV-6
I I V=40 LFPV~-3
i’ l' V-1 LFPV-4
' V-42 LFPV-5 .
L 52 V=43 LFPV-6 1 s Open
Command and verifys
L 53 TR~1 LBIV-1 1 S Open
Through:
L 53 TR-37 LBIV-1 1 S Open
Verifying:
1L 53 PoL~6 1 samp/step S 375-400 PSIA
PoL-7 . ’
PEfL~7
L 53 PfL~8 1 samp/step S 375-400 PSIA

Between each valve opening.,

54. Commence monitoring the pressures of step L-53 at 5 samples/sec.

Command and verify:

55 V=44

LCFV-2 1 S Open
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LAUNCH (Continued)

EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
Top T-8, 9 with GO2 from C-9, until
L 56 T-8 PoT~6 1/sec c 1500 PSIA
L 56 T-9 PoT-7 1/sec c 1500 PSIA
Command GSE to Hold, and
L 57 Velhy LOFV=2 1 5 Closed
L 57 V=70 LFFV=-2 1 8 Open
Top T-10, 11 with GH2 from C=10 until
L 58 T-10 PE£T=-6 1/sec C 1500 PSIA
L 58 T-11 PE£T-7 1/sec C 1500 PSIA
Command' GSE to hold, and
L 59 V=70 LFFV=2 1 5 Closed
Disconnect the GSE vents frem TR-2, 3, 9, 15.
Command and verify:!
L 60 V-8 LFIV-1 1 5 Closed
’ V-9 LFIV-2 Closed
V-28 LETVV-5 Open
V=29 LFTVV~-6 -
V~30 LETVV-7
V-31 LFTVV-8
L 60 V=14 LFFV~1 1 S Open
Command fuel transfer to slow £ill,
Verify operation by checking:
L 61 L-20 TEL-1 1 s <50°R
Y L-21 TEL~4 \ Y
L 61 T£L-5 1 S <50°R
When both:
L 62 T-5 QfT-4 10/sec C Covered
L 62. T-6 QfT-7 10/sec C Covered
Command helium recirculation from C-8 on, and
LH2 transfer to fast £ill,
When:
L 63 T-5 Q£T~5 10/sec c Covered
Or
L 63 T-6 QfT-8 10/sec c Covered



D-73
LAUNCH (Continued)

EXPECTED
PHASE STEP i ELEMENT MEASUREMENT SAMPL.ES USE VALUE

Terminate helium recirculation, and command transfer to slow £ill.
When ¢

L 64 T-5 QfT-6 10/sec C Covered
Or:

L 64 T-6 QfT~9 10/sec ¢ Covered

Command fuel transfer to mode hold when the other onre covers,

or TBD seconds after the first one covers,

65, Monitor compartment anal&zers for leskage.

Monitor compartment fire detectors,

Verifys
L 66 Tw5 TET=2 1 S 36~40°R
T=6 TE£T=-3
1-20 TfL.-1
L-21 TfL=-4
L-8 TfS-1
L~9 TES~2
1.-8 PFS~1
L 66 1.-9 P£fS~2 1 8
Command and verify:
L 67 V=26 1FIV=3 1 5 Closed
V=27 LFIV-4 Closed
V-3 LFIV-1 Open
' V=9 LFIV~2
L 67 V-(10-13) LETVV~{1~4) 1 s Open
Command fuel transfer to slow fill,
Verify operation by checking:
L 68 Tfl.~2 1 S < 50°R
L 68 T£L~3 1 S <50°R
When: A
L 69 T-3 QfT~1 1 S Covered

Command helium recirculation on from C~8 and command fuel transfer to fast
£ii1,

Whent

70 T-3 Q£fT-2 1 S Covered
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S EXPECTED

PHASE STEP ELEMENT MEASUREME&T SAMPLES __USE VALUE

Terminate helium recirculation, and command fuel transfer to slow £111,

When:

L 71 T-3 QfT=3 1 s Covered

Command fuel transfer to mode hold.

Verify:

i 72 13 T£1-1 1 s 36-40°R

Y TEL~2 v 1 Y .

L 72 . TfL-3 1 . 5 36~40"R
Command and wverify:

L 73 V-14 LFFV=~1 1 8 Closed
Command and verifys

L - 74 V=1 LOIV~1 1 . 5 Open

L ! 74 V-7 LOFV-1 1 B Open
Top T=1 until:

L 75 el QoT-3 10/sec C .  Covered
Terminate topping.
Command and verifys:

i- 76 V-l LOIV~1 1 s Closed

L 76 V-2 LOIV=-2 1 s Open

" Top T-2 until

L 77 T-2 QoT-6 iO/sec ¢ Covered
Terminate topping. ‘ |
Command and wverify:

L 78 V-2 LOIV=-2 1 s -Cloged

L 78 V-23 LOIV-3 1 s Open

- Top T-4 untily

L 79 Tty QoT-9 10/see c Covered
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EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
Terminate topping.
Command and verifyi
L 80 v-23 LOIV=3 1 8 Clesed
V-7 LOFV-1 ¢ Closed
V-1 LOIV-1 Open
L 80 V-2 LOo1IvV-2 1 8 Open
Command and verify:
L 81 V-14 LFFV-1 1 s Open
Top T-3 until:
L 82 T-3 QfT-3 10/gec C Covered
Terminate topping.
Command and wverify:
L 82 V=8 LFIV-1 1 8 Closed
V-9 LFTV-2 ¢ Closed
V-26 LFIV-3 Open
L 82 V=27 LEIV-4 1 8 Open
Top T~5, 6 until:
L 83 T-5 QfT~6 10/sec C Covered
I 83 T=6 QfTF~9 10/sec ¢ Covered
Terminate topping.,
Command and verifys
L 84 V=26 1L.FIV-3 1 8 Closed
V=27 LFIV-4 Closed
V-8 LFIV-1 Open
V-9 LFIV-2 Open
L 84 V-14 LFFV-1 1 S Closed
Command apd verify:
L 85 V-3 LOVV-1 1 5 Closed
Vi LOVW-2
V-5 LOVV-3
V-6 LOVWW=4
V-~10 LFTVV~1
V=11 LETVV -2
V12 LFIVV -3
Y V-13 LETVV -4 v Y
L 85 V=24 LOTVV-1 1 3 Closed
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- EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES - USE VALUE
L 85 v-25 LOTVV-2 1 . 5 Closed
V=28 LFTVV-5
v-29 LEFTVV=6
v-30 LFTVV-7
L 85 v-31 LFTVV-8 1 5 Closed
Vérify:
L 86 T-8 PoT-6 1 3 1500 PSIA
T-9 PoT-7 ¥ Y. 1500 PSIA
L 86 T-4 PoT-3 1 5 <30 PSIA
Command and wverify:
L 87 V~33 LOPV~2 1 S Open
ﬁerify:
L 88 T=4 PoT~3 1 8 35-40 PSIA
Command and verity:
L. 89 V=33 LOPV~2 1 S Closed
.-Command and verify:
L 50 V~24 LOTVV-1 1 -8 Open
L 20 V=25 LOTVV-2 . 1 S Open
%erify:
L 91 T=b PoT-3 1 S Ambient
Comm nd and verify:
L 92 V=24 LOTVV-~1 1 s Closed
"L 92 V=25 LOTVV~-2 1 S Closed
Command and verify:
L 93 V=32 1.0PV~-1 1 S Open
Check:
L 94 T=4 PoT-3 1 5 35-40 PSIA
Command and verify:
L 95 V=32 LOPV-1 1 S Closed
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. EXPECTED
PHASE -STﬁP ELEMENT MEASUREMENT SAMPLES USE VALUE
Monitor:
L 96 Twi PoT-3 1/see M 3540 PSTA
For decay.
Verify:
L 97 T-10 PE£T-6 1 3 1500 PSIA
T-11 P£T-7 # 1500 PSIA
T~5 PET-2 < 30 PSTA
L 97 T-6 P£T-3 1 s <30 PSIA
Command and wverify:
L 98 V=34 LFPV~1 1 S Cpen
Verify:
L 99 T~5 P£T-2 1 S 35-40 PSIA
L 99 T=6 PL£T=3 1 5 35~40 PSIA
-Command and verify
L 100 V=34 LEPV~1 1 s Closed
Command and verify:
L 101 V=-28 LFTVV=-5 1 S Open
V=29 LFTVV=6 ¢
V=30 LFTVV=7
L 101 V-31 LFTVV-§ 1 5 Open
Verify:
L 102 T=5 PET-2 1 S Ambient
L 102 T=6 PE£7-3 1 S Ambient
Command and vexrify:
L 103 v~-28 LFTVV-5 1 S - Cloged
V~29 LFTVV=-6 ,
V~30 LFTVV-7
L 103 V-31 LFTVV-8 1 S Glosed
Command and verify:
L 104 V=35 LFPV=-2 1 S Open
Verify:
L 105 T-5 P£I-2 1 8 35-40 PSIA
L 105 T-6 PET-3 1 8 35-40 P]TA
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EXPECTED

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
Command and verify:
L 106 v~35 LEPV~2 1 5 Closed
Monitor:
L 107 T=5 PfT~2 1/sec M 35-40 PSIA
L. 107 T~6 P£T-3 1/sed M 35-40 PSIA
‘ For decay. If none,
command and verify:
L 108 v=-32 LOPV=-1 1 S Open
; v-33 LOPV~2 4_ $
V=34 LEPV~1
L 108 V=35 LFPV-2 1 S Open
Command Pressurization of T-1 and T-2 with helium from C-6
:uﬁtilz
L 109 T=-1 PoT~1 10/sec C 35-40 PSIA
L 109 T-2 PoT-2 10/sec G 35-40 PSIA
"Teiminate pressurization from C-6.
Continue Monitoring:
L 110 =] PoT~1 10/sec M 35-40 PSIA
L 110 T=2 PoT-2 10/sec M 35-40 PSIA
F;r decay. '
Command pressurization T~3 with helivwm from C-4, until
Lo -3 PET-1 10/sec c 35-40 PSTA
Terminate pressurization from C=4,
Continue monitoring:
L 112 T=3 PET-1 10/sec M 35-40 PSIA
for decay.
113. Repeat steps 1-55 through L-59. (Top gas accumulators, T-8,9,10

il.)

Load and pressurization complete,
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. EXPECTED
PHASE STEP . BLEMENT MEASUREMENT SAMPLES USE VALYE
Commence monitorings:
L 114 T-8 PoT=6 1/sec S 1500 PSIA
T-8 ToT~4
T-9 PoE-7 1500 PSIA
T-9 ToT=5
=10 PEL-6 1500 PSIA
T-10 TET=4
T-11 PET-7 1500 PSIA
L 114 T-11 T£T-5 1/sec S
Compute and display accumulator quantity on request,
Command and verify:
L 115 GOV~1 LGOV~1T 1 s Open
GOV~-2 LGOV=-2T
GOV=3 LGOV=31
GFV=-1 LGFV~11
GFV-2 LCFV-21
GFV~-3 LGFV=-31
V=52 LLIV=-1
V=53 LLIV-2
V=54 LLIV~3
% V=55 LFIV-1 $ % $
V-56 LFIV~-2
L 115 V-57 LFIV-3 1 S Open
Command the APU shaft clutches to engage on all three sections,
Command and wverify:
L 116 G~1 VI1I-38 1 S 28 VDC
v G~2 VII-39 v v
L 116 G~3 VII=-40 1 S 28 VDC
Command and verify:
L 117 G-1 LIOV=-38 1 S Open
Initlate igniter spark, verify:
L 118 =1 IIE-38 1 S Pulses
L 118 G-1 PC-38 1 s
Command and verify:
L 119 G-1 LIFV=-38 1 S Open
L 119 G~1 PC-38 1 s
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EXPECTED
PHASE STEP ELEMENT MEASUREMEEE SAMPLES USE VALUE
Gommand and verify: .
L 120 GOV~1 LGOV-1 i 5 - Open
L 120 G=1 PC-33 1 s
Command anq verify:
L 121 GFV-1 LGFV~1 1 S Open
h? 121 6-1 PC-38 1 S
Check:
L 122 @1 TCA1 o S
g-1 NT~1 2/sec c
PT~1 QPTL~-1 1 8
PT-1 QPTL-1 Y v
L 122 PT-~1 TPTL=-1 1 B
L 122 FT~-1 NS=-1 1 S
_When NT-1 reaches steady-state, command ilgniter sparkoff, and verify:
L 123 G-1 IIE-38 1 8 OADC
"Command and verify:
L 124, 6=2 LIOV-39 1 s Open
Initiate lgniter spark, verify:
L - 125 . @2 - IIE-39 1 8 Pulses
L - 125 . g=2 PC~39 . 1 s
Command and verify:
L 126 G-2 LIFV~39 1 S _  Open
L 126 G-2 PC~39 1 s
Eommand and verify:
1 127 GOV=2 LGOV-2 1 S Open
L 127 G-2 PC=39 1 8
Command and verify:
L 128 GFV=2 LGFV-2 | 1 S Open
L 128 G~2 PC-39 1 5
Check:
L 129 G-2 TC~2 1 8
U-2 NT~2 2/sec c
PT-2 NS=~2 1 S
PT-2 QPIL~-Z -
PT-2 PPTL-2
L 129 PT-2 TPTL-2 1 8
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PHASE STEP ELEMENT

MEASUREMENT

SAMPLES
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EXPECTED
USE VALUE

t

[

When NT-2 reaches steady-state, command igniter spark off, and verify:

130 G2 I1E-39
Command and wverify:
131 G~3 LIOV-40

Initiate igniter spark; verify:

132 G~3 IIE~40Q
132 G~3 PC-40
Command and wverify:
133 G-3 LIFV=40
133 G-3 PC~40
Command and verify:
134 GOV-3 LGOV-3
134 G-3 PC-40
Command and verify:
135 GFV-3 LGFV=-3
135 G~3 PC-40
Check:
136 G-3 TC-3
U-3 NT-3
PT-3 NS-3
PT~-3 QPTL-3
PT-3 PPTL-~3
136 PT~3 TPTL-3

1

=t g

et

1
2/sec

}

S 0ADGC

S Open
S Pulses
S

S Open
s

S Open
8

5 Opent

§

ta-—un 2 U

When NT-3 reaches steady~-state, command igniter spark off, wverify:

137 G=3 IIE-40
Commence moniltoring:
138 G-1 PC~38
G-1 TC-1
U-1 NT-1
PT-1 QPTL-1
PT~1 PPTIL~1
PT-1 TPTL~-1
PT-1 NS-~1
G~2 PG-39
Y G=2 PC-2
138 U-2 NT-2
138 PT-2 TPTL-2

1

1/sec
1/sec
2/sec
1/2 sec
1/2 sec
1/2 sec
1/2 sec
1/sec
1/sec
2/sec
1/2 see

S 0ADC

2 -
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EXPECTED
PHASE STEP ___ELEMENT MEASUREMENT SAMPLES USE VALUE.
L 138 PT-2 QPTL~-2 1/2sec M
PT-2 PPTL~2 1/2sec
PT-2 NS=-2 1/2sec
G=3 PC~40 1/sec
G=3 TC=~3 1/sec
-3 NT-3 2/sec
PT=3 QPTI~3 1/2sec
PT=3 PPTL-3 1/2see
\ y PT-3 TPTL-3 1/2sec ]
L~ 138 PT-3 NS-3 1/2sec M
139  Verify vehicle power.
140 Execute power transfer,
141  Discommect all remaining GSE.
Take f£inal status.
Verifys
L 142 V-1 LOLV-1 1 s Open
V=2 L.OIV=-2 Open
V-3 LOVV-1 Closed
V-4 LOVV-2
V-5 LOVV=3
V=6 LOVV=-4
V-7 LOFV=1 Closed
V-8 LFIV-1 Open
V-9 LFIV-2 Open
V=10 LETVV-1 Closed
V-1l LETVV=2
V=12 LFTVV=-3
V-13 LETVV=4
V-14 LFFV~1l
V=19 LOPCY-1
V=20 LOPCV~2
V-21 LFPCV-1
V=22 LFPCV~2
V-23 LOIV-3
V=24 LOTVV~1
V-25 LOTVV=-2
V=26 LFIV-3
V-27 LFIV=-4
V-28 LEFTVV-5
V=29 LETVV=-6
V-30 LETVV=7 Closed
V~-31 LETVV=-8 Closed
V=32 LOPV~-1 Open
V=33 LOpPV-2
\J | V=34 LFPV~1 Yy ¥
L 142 V~35 LFPV=2 1 S Open
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EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
L 142 Cc=1 LOFC=1 1 S Closed
C-2 Luc-1,2 "
GC~3 LFTVC-1
(A LHC-3,4
C~5 LEFFC~-1
c-6 LHC~5, 6.
c-8 LHC-7,8"
Cc-11 LEVC~-1 Closed
T=3 PET~1 35=40 PSIA
T3 QfT-2
=3 QfT-3
T-1 PoT~1 35-40 PSIA
T-1 ToT-1 164+43CR
i T=1 QoT~1 Covered
) T-1 QoT-2
T-1 QoT~3 Covered
; T-2 PoT-2 35-40 PSIA
' ; Tw2 ToT-2 164+3°R
: T2 QoT-4 Covered
T2 QoT~-5
T2 QoT~6 Covered
Tl PoT-3 35-40 PSIA
Tty ToT-3 164+3°R
Tl QoT-7 Covered
Tely QoT-8
T-4 QoT~9 Covered
T=5 PE£T-2 35~40 PSIA
T~b TET~-2 36~40°R
T=5 QET~4 Covered
T~5 QET-5
T=5 QfT-6 Covered
T-6 P£T-3 35-40 PSIA
T-6 TfT~3 36=400R
T=6 QfT-7 Covered
T=6 Qfr~-8
T-6 QfT~9
PoL-1
L~17 PoL~2
L-18 PoL-3 -
ToL~-1 164+43°R
L-17 ToL=2 l
L~18 ToL~3
Tol.-4
L-20 PEL-1°
PfL-2
PfL-3
-21 PfL~4
1.-20 TfL.-1 36=-40°R
¥ A TfL-2 v Y
L 142 TfL=3 1 ] 36=~40°R
L 142 T-3 TfT-1 1 s 36=40°R
L 142 T-3 QfT-1 1 s Covered
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LAUNCHE (Continued)

EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE -
L 142 =21 T£L~4 1 S 36-40°R
TfL~5 36~40°R
L=-3 PoS~1
L=4 PoS~2
1~3 ToS~1 164+30R
L~ds ToS~2 164430R
L~8 Pis~-1
-9 P£S~2
L-8 T£S-1 36~40°R
L-9 T£S=-2 36-40°R
C=5 PfF-1
C-1 PoF-1
L-14 PgF-1
. 0=5 PgF~2
L-16 PgF~3
L~13 Pel~1
0-3 Pg(-2
1-15 Pg0-3
L~7 PgRL-1
L~14 TgF~1
L1k TgF-2
v v LE;.]EE TgO~1 Yy ¥
L - 142 L=-13 Tg0~2 1 ]
L 143 -9 LOFC-2 1 S Closed
¢ ¢ c~10 LEFC-2 % ¢ﬁ
V=44 LOFV~2
L 143 v-70 LFFV-2 1 S Closed
L 144 GOV=4 LGOV=4T 1 s Closed
GOV~4 L.GOV=4
GOV=5 LGOV-51
GOV-5 LGOV=5
GOV=6 LGOV=6T
GOV=-6 LGOV=-6
GFV~4 LGFV-41
GEV=4 LGFV~4
GEFV=5 LEFV=5L
GFV=5 LGEFV=-5
GFV-6 LGFV~6L
GEV~6 L.GFV-6
V=58 LFIV~4
V=59 LPSV-7 .
V=60 LFIV-5
Y Y V=61 LPSV=8 ¥ Y v
L 144 V=62 LFIV~6 1 S Closed



LAUNCH (Continued)
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- EXPECTED
PEASE . STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
L 144 V=63 LPSV=9 1 s Closed
EFV-1 LEFV~1
EFV~2 LEFV-2
oo EFV-3 LEFV=3
- EFV=4 LEFV-4
EFV=-5 LEFV-5
EFV=6 LEFV-6
EFV-7 LEFV=7
EFV-8 LEFV~8
EFV~9 LEFV=~9
EFV=10 LEFV=10
EFV«11 LEFV-11 | 4
EFV=-12 LEFV~12 Closed
Pf1~11 20 PSIA
Y Y PfL~12 Y Y
L 144 PfI-13 1 s 20 PSIA

145 Command the main and turbofan engine controllers to take

final status.



D-86

BOOST .
——— . EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
- Verlfy readiness:
B 1 V-1 LOIV~1 1 S Open
V-2 LOIV~2 Open
V3 LOVV=-1 Cloged
Vb LOVV=2 |
V-5 LOVV-3 i
V=6 LOVV=4
v-7 LOFV-1 Closed
V-8 LFIV~1 Open
: -9 LFIV~2 Open
V=10 LFTVV-1 Closed
v-11 LFTVV-2
V=12 LFTVV-3
V=13 LEFTVV=4
V14 LFFV-1
V=19 LOPCV~-1
V=20 LOPCV~2
V21 LFPCV~-1
V=22 LFPCV-2 |
v-23 LOIV~3 '
Ve24 LOTVV-1 :
V=25 LOTVV-2 i
V=26 LFIV-3
v-27 LFIV-4
v~-28 LFTVV=5
V=29 * LEFTVV=-6
v-30 LFTVV~7
© V31 LETVV~8 Closed
V432 LOPV-1 Open
V=33 LOPV=2
V=34 LFPV~1
v~35 LFPV=2 Open
c-1 LOFC-1 Closed
c-2 LHC~-1,2
C=3 LEFTVC~1
Gt LHC-3,4
C-5 LFFC~1
c-6 LHC-5,6
0-8 LHC"?, 8
c-11 LEFVC-1 Closed
T=3 P£fT=-1 35-40 PSTA
T=3 TET-1 36-400R
T=3 Qfr-1 Covered
T=3 QfE~2
T-3 QfT-3 Covered
T=1 PoT~1 35-40 PSIA
Tw1 ToT=-1 164+30R
T=1 QoT-1 Covered
4 Y Tel QoT=-2 Y ¥
B 1 T-1 QoT-3 1 S Covered
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BOOST (Continued) _
EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
B 1 T2 PoT-2 1 s 35=40 PSIA
T-2 ToT-2 16443°R
T2 QoT~4 Covered
T2 QoT-5 :
T=2 QoT-6 Covered
Tl PoT=3 3540 PSIA
T-4 PoT~3 164+30R
T=4 QoT~7 Covered
Tt QoT~8
T~4 QoT-9 Covered
T=5 P£T~2 35-40 PSIA
T-5 T£Tw2 36-40°R
T-5 QET~4 - Covered
T=5 QfT-5,
T=5 QfT-6 Covered
T PE£T-3 35-40 PSTA
Tub TfT~3. 36=40°R
T-6 QfT-7 Covared
Twb QfT~8
-6 QfT-9 . Covered
Pol~1
L-17 PolL-2
L=18 Pol-3 .
: ToL~1 - 164430
L-17 Tol=2.
L~18 ToL=3, .
ToL=4 . 164+3°R
L-20 PfL~1 -
P£L-2
P£L-3
=21 PflL=4
L-20 TfL=1 36-40°R
L-21 TfL~4
TfL-5 36-40°R
-3 PoS-1 "
L-4 PoS~2
L-3 ToS~1 164-+39R
L4 ToS~2 164-+3°R
L8 P£S=1
1=9 P£5=2
-8 T£S=1 36-40°R
L= T£S-2 36=400R
C=5 PfF-1
C=1 PoF-1
114 PgF-1
0-5 PgF-2
L-16 PgF-3
-13 Pg0-1
Y Y 0=3 PgO~2 \ Y
B 1 I-15 PgO=3 1 S
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BOOST (Continued)

. EXPECTED
PHASE STEP _ ELEMENT MEASUREMENT SAMPLES USE VALUE
B 1 L-7 PgRL~1 I S
L-14 TeF-1
L=14 TgF=~2
L-13 Tg0-1 .
B 1 L~13 Tg0-2 1 S
Continue to monitort
B 2 PoL-6 5/sec M ' 375=400 PSL
* ‘ PoL~7
PAL-7
B 2 PfL-8 ) 5/sec M 375-400 PSIL
‘Continue to monitor:
. B 3 T~8 PoT=6 i/sec S 1500 PSIA
o T-8 ToT-4
T-9 PoT-7 1500 PSIA
T=9 ToT=5
T-10 P£T-6 1500 PSIA
T-10 T£T-4
T~11 PET-7 1500 PSIA
B 3 T-11 T£T~5 . 1/sec s
Continue to momitor:
B 4 G-1 PC-38 1/sec M
G-1 TC~1 1/sec
U1 NT-1 . - 2/sec
PT-1 QPTL-1 1/2 sec
PT-1 PPTL-1 1/2 sec
PT-1 TPTL-]1 1/2 see
PT-1 NS-1 1/2 sec’
G-2 PC~39 1/sec
G2 TC~2 1/sec
U-2 NT-2 2/sec
PT-2 QPTL-2 1/2 sec
PT-2 PPTL-2 1/2 sec
PT-2 TPTL~2 1/2 sec
PT-2 Ns-2 1/2 sec
G-3 PC-40 1/sec
G-3 TC~3 1/sec
U=-3 NT-3 2/sec
PT-3 QPTL-3 . ° 1/2 see
PT=3 PPTL-3 1/2 seec
Y Y PT-3 TPTL-3 . 1/2 sec ¥
B 4 - PT-3 NS=3 1/2 sec M

5, At T+153 seconds, command extemsion of main engine nozzles.



SEPARATION (T+173 sec)

D~89

1. The CCC commands main engine start,
At ¥S + 0.9 seconds, the main engine igniters are turned off.
At Pc = 90%, the main engine gimbal actuators are unlocked.
At _TBD , command and verify.
EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
5 2 v-19 LOPCV-1 1 3 Open
¢ ¢ V=20 LOPCV=-2 # $
V=21 LFPCV-1
s 2 v-22 LEPCV~2 1 S Open
In addition to the main engine data, monitor.
L 3 T-3 P£T-1 10/sec M 35-40 PSIA
T=3 TLT~-1 1/sec M 36-400R
T=3 QfT-2 10/sec S C/U
T=3 QfT=-1 10/sec’ o] c/u
T-1 PoT-1 10/sec M 35-40 PSIA
T~-1 ToT~1 1/sec M 164+3°R
Te1 QoT=2 10/sec s c/U
T-1 QoT~1 10/sec c c/u
Te2 PoT-2 10/sec M 35~40 PSIA
T-2 ToT~2 1/sec M 164+43°R
T-2 QoT-5 10/s8ec s c/u
T2 Qo'T~4 10/sec C c/u
1.-8 P£5-1 20/sec M
1~-9 P£S-2 20/sec
1~8 T£S~-1 1/sec 36-40°R
L~9 T£5-2 1/sec 36~-40°R
1=-3 PoS-1 20/sac
T=d PoS~-2 20/sec
Y Y 1-3 ToS-1 1/sec 164+43°R
8 3 L=4 ToS=2 1/sec M 16443°R
Continue to monitor:
S 4 Pol.-6 5/sec M 375~400 PSIA
¢ Pol~7 ¢
PfL-7
s 4 P£l.-8 5/sec M 375-400 PSIA
Continue to monitor:
5 5 T-8 PoT=6 1/sec S 1500 PSIA
T=8 ToT=~4
T-9 PoT-7 1500 PSIA
T-9 ToT=5
T~10 P£T-6 1500 PSIA
T~10 TET~4
T~11 P£T~7 1500 PSIA
5 T-11 T£T-5 1/sec S
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SEPARATION (Continued)
EXPECTED

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE

Continue to monitort:

s 6 G~1 PC~38 1/sec M
G-1 TC~1 1/sec
0-1 NT~1 2/sec
PT-1 QPTL=-1 1/2 sec
PT-1 PPTL-1 . 1/2 sec
PT-1 TPTL=1. 1/2 mec
PT-1 NS~1 1/2 sec
G=2 PC-39 1/sec
G-2 TC=2 1/sec
=2 NT-2 2/sec
PT-2 QPTL-2 1/2 sec
PT~2 -  PPTL-2 1/2 sec
PT-2 TPTL-2 1/2 sec
PT=~2 N§~-2 1/2 sec
G~3 PC-40 1/sec
G=3 TG-3 1/sec
U~3 NT-3 , 2/sec
PT-3 QPTL~3 1/2 sec
PT=-3 PPTI~3 1/2 sec
Y v PT=3 TPTL~3 1/2 sec Y
s ) PT-3 NS=3 1/2 sec M
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ASCENT
‘ ) . : EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
Whent
A 1 T-1 Qo'r-2 10/sec 8 NG
A 1 T2 QoT=5 10/sec 8 UNC
‘A 1 ™3 QfT=2 10/sec S UNC

The central computer mazkes an update of the engine cutoff prediction.

In addition to the main engine data, continue to monitor:

2 T-3
Tw3
T3
Tw3
Tl
T-1
T~1
T-1
T2
T2
T2
T2
1-8
L~9
L~8
L9
L-3
L=4
Y L~3
2 VA

PET~1
TET-1
QfT~2
Q£fT-1
PoT~1
ToT~1
QoT~2
QoT~1
PoT=2
ToT=-2
QoT=5
QoT~4
P£8-1
PE£S-2
T£8=1
TES=2
Pos~1
PoS-2
ToS~1
ToS=2

10/sec
i/sec
10/sec
10/sec
10/sec
1/sec
10/sec
10/sec
10/sec
1/sec
10/sec
10/sec
20/sec
20/sec
1/sec
1/sec
20/sec
20/sec
1/sec
1/sec

R omBREROQUOEROLE R

35-40 PSIA
36~400R
c/u

c/u

35-40 PSIA
164+3°R
c/u

c/u

35=40 PSTA
164+3°R
c/u

¢/u

36=40°CR
36-40°R

164+3°R
164+3°R

3. When the 4g limit Is reached, command the main engines to MPL,

4e At T + 200 saeconds, command the RCS thermal protective doors

open,

- Command and verify:

- il —— (-

5 TR=-(1~37)
5 TR~(1-37}

Continuve to monitor:

|

© YII=(1-37)

IYE~(1~37)

PoL~6
PoL-7
PfL~7
P£1~8

+1 5
1 S
5/sec M

5/sec M

28 VbC
0 ADC

375~400 PSIA

375-400 PSIA
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ASCENT (Continued)

‘EXPECTED
PHASE STEF ELEMENT MEASUREMENT SAMPLES USE VALUE
Continue to monitor:
A 7 =8 PoT-6 1/sec s 1500 PSIA
T=8’ ToT=4
Tl PoFu? 1500 PSIA
T=9 ToT=5
T«10 PET-6 1500 PSIA
T=-10 TET=4
T=11 PfT=7 1500 PSIA
A 7 T-11 TET~5 1/sec S
Continue to monitor:
A 8 G-1 PC~38 1/sec M
' g-1 TC~-1 1/sec
D=1 NT=-1 2/sec
PT-1 QPTI~-1 1/2 sec
PT~1 PPTL~1 1/2 gec
PI-1 TPTL-1 1/2 gec
PT~1 NS=-1 1/2 sec
G=2 PC-39 1/sec
G2 TC-2 1/sec
U=2 NT=2 2/sec
PT-2 QPTL-2 1/2 sec
PT-2 PPTL=-2 1/2 sec
PT=2 TPTL=2 1/2 sec
PT=-2 Ns-2 1/2 sec
G-3 PC-40 1/sec
G~3 TC-3 1/sec
U-3 NT-3 2/gec
PT-3 " QPTL~3 1/2 sec
PT-3 PPTL-3 1/2 sec 1]
| v PT~3 TPTL~3 1/2 sec M
A 8 PT~3 NS-3 1/2 sec
" When:
A 9 T-1 QoT-1 10/sec S NG
A 9 Tw2 QoT-4 10/sec S UNC
A ghutdown command is sent to the maln engine contrellers.
(nominally T + 357 sec.)
Conduct Post~Shutdown monitoring checks on the main engines and verify:
A 10 V-l LOTIV-1 1 s Open
) V-2 LOIV-2 Open
V=3 LOVV-1 Closed
V=4 " - LovVYy-2
V~5 LOVV~3
Vb LOVV=-4
A 10 V-7 LOFvV-1 1 S Closed



ASCENT (Continued)
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, ) EXPECTED
PHASE STEP ~ ELEMENT MEASUREMENT SAMPLES USE VALUE

A 10 V-8 LFIV-1 1 S Open
V-9 LFIV-2 Open
v-10 LFTVV-1- Closed
V-1l LFTIVV-2
V=12 LFIVV-3
v-13 LFTVV-4
V-14 LFFV-1 Closed
V=19 LOPCV=1 Open
V-20 LOPCV-2
v-21 LFPCV-1
V-22 LEPCV~2 Open
V~-23 LOIV-3 Closged
V=24 LOTVV~-1 :
v-25 LOTVV-2
V-26 LFIV-3
V=27 LFIV-4
v-28 LFEVV~5
v-29 LFIVV-6
V-30 LFTVV-7
V-31 LFTVV-8 Closed
V=32 LOPV-1 Open
V=33 LOPV~-2
V-34 LFPV-1
V-35 LFPV-2 Open
c-1 LOFC-1 Closed
C-2 1LHC-1, 2 N
C-3 LFTVC~1
C-4 LHC-3, 4
C=5 LFFC-1
C-6 LHC-5, 6

¥ Y c-8 LHC-7, 8 Y v

A 10 C~11 LFVC~-1 1 5 Cloged
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ON-ORBIT
EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
0=0 V=1 LOIV-1 1 S Closed
V=2 LOIV=-2 ‘ ¢
V~8 LFIV-1
0-0 1 V-9 LFIV=-2 1 S Closed
2. Retract the main engine nozzles.
3., Command the main engines gecure.
Commenge monitoring:?
0=0 4 V=1 L.0IV-~1 1/hr S Closed
V=2 LOIYV-2
V-3 LOVV-1
Vb LOVV=2
V=5 LOVV=3
V-6 LOVV -4
V-7 LOFV~1
V-8 LFIV-1
V-2 LFIV~2
v-10 LFTVV=1
V-11 LFTVV-2
V=12 LFTVV-3
v-13 LETVV=4
V=14 LFFV-1
V=19 LOPCV~-1
V=20 L.OPCV=~2
V-21 LFPCV~1
V=22 LFPCY-2
V-23 LOIV=3
V=24 LOTVV-1
V=25 LOTVV-2
V=26 LFIV-3
V=27 LFIV-4
V-28 LEFTVV-5
V=29 LFTVV=~6
V=30 LFTVV-7 Y
v-31 LFTVV-8 Closed
V=32 LOPV-1 Open
V~33 1L.0PV=-2
V=34 LFPV~1
V=35 LFPV-2 Open
C-1 LOFC-1 Closed
C=2 LHC-1, 2
C-3 LEFTVC-1
C-4 LHC-3, 4
C~5 LFFC-1
# C-6 LHC-5, 6 %
-4 c-8 LHC-7, 8
0-0 4 c~11 LFVC-1 1/hr 5 Closed



ON-QRBIT (Continued)
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N EXPECTED
PHASE STEP ___ ELEMENT MEASUREMENT SAMPLES USE. VALUE
0-0 4 T-1 PoTI~1 1/hr S 19 PSTA
T-2 PaT-2 19 PSTA
T-3 PET-1 19 PSIA
I.~8 PE£S-1 < X
L=-9 P£S5-2
-3 PoS-1
L=4 PoS-2
Y c-5 PEF-1
0-0 4 C~1 PoF-1 1/hr 5 <X
Commence monitoring:
0=0 5 Ty PoT~3 1/sec S 35=-40 PSIA
Twh QoT=7 * 10/sec A.R. c/u
Tads QoT~-8 * 10/sec A.R. ¢/U
T"’z!‘ QOT""g ® . 10/SEC AJR. C/U
T=~5 P£T=2 1/sec 35-40 PSTA
T3 T£T~-2 1/sec A.R. 36-40°R
T=5 QfT=4 * 10/sec A.R, C/U
-5 QfT~6 * 10/sec A.R. ¢/U
T~6 P£fT~3 1/sec 35~40 PSIA
T=6 T£T-3 1/sec A.R. 36-40°R
Twb QfT-7 * 10/sec ALR, c/u
v v T-6 QfT~8 * 10/sec A.R. ¥ c/U
0-0 T-6 QfT-9 * 10/sec A.R, 5 c/U
% While accelerating in the propér attitude,
When required to perform an RCS b;u'n, verify:
0~0 6 TR-X LBIV-X 1 s Open
Initiate igniter spark, verify:
0-0 7 TR-X VII-X - 1. S 28 VDG
0-0 7 TR~% IIE-X 1 3 Pulses
Command and verify:
0-0 8 TR-X LIOV-X 1 S " Open
0=0 8 TR»X PC-X 1 5
Command and verify:
0=0 9 IR=X LIFV-X 1 ) Open
0=0 9 TR=~X PC~X 1 s
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ON~ORBIT (Continued) ,
EXPECTED

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE

For small bit impulses, this would be the end of the thruster start

sequence. For larger burns, command and verify:

0-0 10 TR-X LMBV-X . 1 S Open
0-0 10 TR=X PC-X A.R. S

At steady-state terminate igniter spark, verify:
0~0 11 TR~X ITE-X 1 S 0 ADC
During burn, monitor:

0=0 . 12 TR=X PC~X 10/sec S 300 PSIA

To shutdown, command and verify:

0~0‘~ 13 TR-X ILMBV-X 1 S Closed
e TR-X LIOV-X ‘ ‘ Closed
Y TR-X LIFV-X Closed
0-0 ... 13 TR~X PC=X 1 S Ambient
Continue to monitor:
0~-0 14 PoL~6 5/sec S 375=400 PSIA
Pol,-7
P£fY-7
0~0 14 . . P£1.-8 5/sec S 375-400 PSIA
Continue to monitor:
0-0 15 T-8 PoT-6 1/sec c 1500 PSIA
-8 ToT-4 S
T=g PoT-7 G 1500 PSIA
T-9 ToT~5 S
T=-10 PET=6 c " 1500 PSIA
T-10 TLTwd [}
T-11 PET~7 c 1500 PSIA
0-0 15 T-11 TfT-5 1/sec S
When:
0-0 . 16 T-8 PoT~6 1/sec c 1500-X PSIA
Or:
0-0 17 T=9 PoT~7 1/sec c 1500~X PSTA
Verify:
0=0 18 V-52 ILIV-1 1 S Open
0-0 18 V~53 LLIV-2 1 S Open
0-0 18 V-54 LLIV-3 1 s Open



ON-ORBIT (Continued)
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25 v-57 LFIV-3

. ) EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VAIUE
Command and verify:
0-0 19 V-52 LPSV-1 1 5 Open
0-0 19 V-53 LPSV~2 1 S Open
0-0 19 V=54 LPSV~3 1 ) Open
Engage the clutches to P-1, 2, 3,
During GO2 resupply, monitor the following additional parameters:
0-0 20 P-1 PFD~1 2/sec S 1500 PSIA
H~4 THE~1 1/2 sec
H-4 PHEO-1 1/2 sec 1500 PSIA
P~-2 PPD=2 2/sec 1500 PSIA
H=-5 THE-2 - 1/2 sec
H-5 PHEQ-2 1/2 sec 1500 PSIA
- P=3 PED-3 - - 2/sec . 1500 PSIA
\i H-6 THE-3 1/2 sec Y
0-0 20 H-6 PHEQ-3’ 1/2 sec 5 1500 PSTA
Whens
0-0 21 T-8 PoT-6 1/sec C 1500 PSIA
0-0 21 T~9 PoT~7 1/sec c 1500 PSIA
Disengage the clutches to P-1, 2, 3.
Discontinue resupply monitors.
Command and verify:
0-0 22 v-52 LPSV-1 1 5 Glosed
. 0=0 22 V=-53 LPSV-2 1 5 Closed
0-0 22 V=54 LPSV=~3 1 s Closed
When s
0-0 23 T=-10 PET~6 1/sec C 1500-X PSIA
Or:
0-0 24 T-11 P£T-7 1/sec C 1500-X PSIA
Verify:
0~0 25 V=55 LFIV-1 1 8 Open
0-0 25 V-56 LFIV-2 1 S Open
0-0 1 S Open



ON=~ORBIT (Continued)

EXPECTED
THASE STEP ELEMENT MEASUREMENT SAMPLES USE YALUE
Command and verifyt
0-0 26 V-55 LPSV-4 1 5 Open
0-0 26 V=-56 LPSV-5 1 S Open
0«0 26 V=57 LP5V-6 1 8 Open
Engage the clutches to P-4, 5, 6.
During GH2 resupply, monitor the following additional parameters:
0-0 27 P-4 PPD-4 2/sec S 1500 PSIA
H-7 THE=4 1/2 sec
H-7 PHEO-4 1/2 sec 1500 PSIA
P=5 PPD=5 2/zec 1500 PSIA
H-8 THE-5 1/2 sec
Hw8 PHEO~-5 1/2 sec 1506 PSIA
P=6 PPD-6 2/sec 1500 PSIA
Y B9 THE~6 1/2 seec
0~0 27 H~-9 PHEG~6 1/2 sec ) 1500 PSIA
Whent
0-~0 28 =10 . PfI=~6 - 1/zec C 1500 PSIA
0-0 28 =11 PET~7 1/sec C 1500' PSIA
Disengage clutches to P-4, 5, 6,
Discentinue resupply monitors.
Command and verify:
0-0 29 V=55 LPSV=4 i 8 Closed
‘0=0- 29 V=56 LPSV~5 1 S Closed
0-0 29 V~57 LPSV~6 1 S Closed
Continue to monitor:
0-0 30 G~1 PC~-38 1/sec M
G~1 TC~1 1/sec
U-1 NT-1 2/sec
PT-1 QPTL-1 1/2 sec
PT-1 PPTL~1 1/2 sec
PT-1 TPTL~1 1/2 sec
PT~] NS-1 1/2 sec
G~2 PC~39 1/sec
G-2 TC-2 1/sec
U-2 NT=~2 2/sec
PT-2 QPTL-2 1/2 sec
PT~2 PPTL-2 1/2 sec
P72 TPTL-2 1/2 sec
Y v PT.2 NS-2 1/2 sec Y
0-0 30 G-3 PC-40 1/sec M
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D~99

.. EXPECTED
PHASE STER _ ELEMENY MEASUREMENT SAMPLES USE VALUE
00 30 G-3 TC-3 1/sec M
-3 NT=-3 2/sec I
PT-3 QPTL-3 1/2 sec
PT-3 PPTL-3 1/2 sec
é PT-3 TPTL~3 1/2 gec *
0-0 30 PT=3 NS-3 1/2 sec M
When required to perform an OMS burn, verify:
0=0 31 TR-1 IBIV~1 1 S Open
: TR-2 IBIV-2 ¢
TR-3 LBIV-3
O0=0 31 TR~& LBIV-4 1 S Open
Injtiate igniter spark, verify:
0-0 32 TR-1 IIE~1 1 S Pulses
‘ TR-2 I1E-2 # %
TR-3 IIE-3
0-0 32 TR~4& IiE~4 1 8 Pulses
Command and verify:
0-0 33 TR~1 LIOV~-1 1 S Open
TR-1 PC-1
TR-2 LIOV~2 Open
TR-2 PC-2
TR=-3 LIOV-3 Open
TR-3 PC-3
TR~4 LIOV-4 Open
0=0 33 TR-& PC-4 1 5
Command and wverify:
0~0. 34 TR-1 LIFV=-1. " 1 S Open
TR~1 PC-1
TR~-2 LIFV-2 Open
TR-2 PC-2
TR-3 LIFV~-3 -~ Open
TR=~3 PC~3
TR-4 LIFV=4 Open
0-0 34 TR~4 PC=4 1 5
Command and verify:
0-0 35 TR-1 IMBV~-1 1 S Open
TR-1 PC-1 ALR,
TR-2 LMBV-~2 L Open
TR=2 PC-2 ALR,
TR~3 LMBV-3 1 Open
TR~3 PC-3 AR,
TR~4 LMBV~-4 1 Open
0-0 35 TR=4 PC~4 AR, S



D-100

ON-ORBIT (Continued)

EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
At steady-state Pc, terminate spark, verify:
0-0 36 TR-~1 IIE-1 1 5 OADG
TR-2 ITE-2 ¢
TR=-3 IIE~-3
0-0 36 TR-4 IIE~4 1 5 0ADC
During burn, monitor:
0-0 37 TR~1 PC~1 10/sec 3 300 PSIA
TR=2 PC-2 *
. TR~3 PC-3
0-~0 37 TR=4 PC-4 10/sec S 300 PSIA
To shutdown, command and verify:
0-0 38 TR~1 LMBV-1 1 S Closed
TR=2 LMBV=-2 ‘
: TR~-3 LMBV-3
c-0 38 TR=~4 LMBV-4 1 8 Closed
Command and verify:
0=-0 39 TR~1 LIOV-1 1 S Closed
TR=2 LIOV~2 ¢ ¢
. TR~3 LIOV~3
0~0 39 TR=4 LIOV-4 1 S Closed
Command and verify:
0-0 40 TR-1 LIFV-1 1 S Closed
TR~2 LIFV-2
TR~3 LIFV-3
TR~4 LIFV=4 Closed
TR-1 PC~1 Ambient
TR~2 PC~-2
TR~3 PC-3
0-0 40 TR-4 PC~4 1 5 Ambient
Commence monitoring:
0~0 41 LA=1 PZGL~-1 1/hr S
LA-2 PZGL-2
LA~3 PZGL~3'
PT-4 QTPL~1
PT-5 QTPL~2
PT-6 QTPL~3
PT-4 PTPL~1
Y Vv PT-5 PTPL~2 Y Y
0-0 41 PTr-6 PTPL~3. 1/hr )
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DOCKING

l.

2.

5.

Continue monitoring the Main Propulsion System as in steps On=Orbit 4y 5

To execute and RCS or OMS burn

repeat steps On-Orbit (6-~13) or (31-40) respectively.

Continue to monitor APS gas pressures and temperatures as in
steps On-Orbit - 14, 15,

To execute resupply of the APS accumulators, perform steps
On~-0rbit - (16-29),

Continue to monitor Propellant Conditioning System operation as in step
On~-Orbit - 30,

Continue to monitor A/B lube pressurization systems as in step
On-0rbit - 41,

BOCKED
1. Continue monitoring the Main Propulsion System as in Docking step 1.
EXPECTED

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
Command and verify:

DD 2 TR (1~37) VII=(1-37) 1 S OVDC
Command and verify:

bD 3 TR={1-37) LBIV~(1=37) 1 5 Closed
Command the RCS doors closed.

4, Continue to monitor as APS gas pressures and temperatures as in steps On-

7.

Orbit - 14, 150
Continue to monitor A/B lube systems as in step On~-Orbit -41.

Continue operation of the Propellant Conditioning Subsystem until
command is received for APU shutdown. Continue monitoring as in Docking
step 30 until shutdown. Upon command te shutdown, perform steps
P-F-(5-22).

The Propellant Conditioning Subsystem will be operated 10 minutes per
day while on orbit for hydraulic system conditioning. To perform this

operation,or to restart the subsystem prior to undocking, perform

etanae T.=118 t+hrmrmich T.<138
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DOCKED

8. Before undocking, open the RCS doors, and command and verify:

EXPECTED
PHASE STEP ___FLEMENT MEASUREMENT . SAMPLES USE VALUE
DD 9 TR-(1-37)  VII=(1-37) 1 s - 28 VDC

and,

DD 10 TR=(1=37) LBIV-(1-~37) 1 S Open
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DESCENT - Sams as Docking

REENTRY
1, Continue monitoring the Main Propulsion System as in steps on-orbit- 4, 5,
2. Secure the RCS and OMS subsystems as in steps Docked - 2, 3,

3. Continue monitoring APS pressures znd temperatures as in steps on-orbit =~
14, 15,

4. Operate the Propellant Conditioning Subsystem in the resupply mode as in

steps on-orbit ~ (16-~29) as required, otherwise monitor as in step on-orbit -
30

Terminate zero-g pressurizatiom of €he turbofan lube systems and command
readiness checks on the turbofan engines:

EXPECTED

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
R 5 FCA-1 LFIV A/B-1 1 R Closed

FCA-~1 LCPRV-1 Closed

FCA-1 LSPV-1 Closed

TA-1 QLO-1

FCA-2 LFIV A/B-2 Closed

FCA-2 LCPRV-2 Closed

FCA-2 LSPV-2 Closed

LA-2 QLO-2

FCA-3 LFIV A/B~3 Closed

FCA-3 LCPRV-3 Closed
v \ FCA-3 LSPV-3 v ¥ Closed
R 5 LA-3 QLO-3 1 R

Terminate zero-g pressurization of the A/B Propellant Management Power
Train Lube Systems and verlify:

R 6 CFV-4 LCFV-41 1 ] Closed
GFV~4 LGFV -4
GOV-4 LGOV-4T
GOV-4 LGOV -4
GFV-5 LGFV~5I J
GFV-5 LGFV-5
GOV-5 LGOV -5
GOV-5 LGOV-5
GFV-6 LEGFV~61
GFV-6 LGFV~6
GOV-6 LGOV-61
GOV-6 LGOV~6
v-58 LFIV-4
V-59 LPSV-7
V-60 LFIV-5
V-61 LPSV-8
Y \j V-62 LFIV-6 { Y ¥
R 6 v-63 LPSV~9 1 s Closed
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REENTRY (Continued)
EXPECTED
PHASE STEP _ ELEMENT MEASUREMENT SAMPLES USE VALUE
R 6 G-1 VII-41 1 S ovDC
G-2 VIt-42 -
G=-3 VII-43 ovhe
EFV~1 LEFV-1 Closed
EFV-2 LEFV-2
EFV-3 LEFV-3
EFV-4 LEFV -4
EFV-5 LEFV-5
EFV-6 LEFV-6
EFV-7 LEFV-7
EFV-8 LEFV-38
EFV-9 . LEFV-9
EFV-10 LEFV~10
EFV-11 LEFV-11 ¥
EFV~12 LEFV-12 Closed
PfL-11
PfL-12
PfL-13
PT-4 QTPL-1 )
\ Y PT~5 QTPL-2 Y Y
R 6 PT-6 QTPL-3 1 S
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APPROACH & LANDING - (Orbital)

7.

Continue to monitor the Main Propulsion System as in steps on-orbit- 4, 5.
Continue to monitor APS gas parameters as in step om~-orbit -~ 15.

To resupply the APS gas accumulators execute steps om-orbit - (16-29),
otherwise monitor the Propellant Conditioning Subsystem parameters as in
step on-orbit ~ 30.

Command the A/B engine cradles to be lowered.

The A/3 Propulsion System is activated and monitored as in Ferry Pre~
flight, steps 92 through 136 except that windmilling is the primary mode
of start, with solid start cartridges as back-up, instead of ground

start GSE.

After landing, taxl to the revetment area.

Shutdown tﬁe A/B Propulsion System as in steps 3 through 23 of Ferry
Approach and Landing.
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POSTFLIGHT - (Orbital)

1. Tow the Orbiter into the revetment., Chock and tie down.

2, Connect ground power GSE.

3. Execute power transfer.

4. Continue monitoring -Propellant Conditioning Subsystem operation as in
step on-orbit - 30, untlil the APU shutdown command is received. ' Upon
receipt of the APU shutdown command, execute steps 5 - 22 of ‘Postflight-
Ferry.

5., Take a final status sample of the Main Propulsion System parameters of
steps on-orbit - 4, 5. T )

6. Remove tape and hard copy, if any:

Debrief crew as required.
Review in~-flight data and fault-isolation ocutput.

7. Connect Drain and Purge GSE and verify as in step 28, Postflight-Ferry,
(P-F), . . .

8. Command and verify:

EXPECTED

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE

P-0 8 v-32 . LOPV-1 1 8 Closed

# v~33 LOPV~2 %
V-34 LEFPV-1

P-0 8 V-35 LFPV-2 1 S Closed
Command and verify:

P-0 V-36 LOPV-3 i 5 Cloged

’ v-37 LOPV~4
V-38 LOPV-5
V-39 LOPV-6
V-40 LFPV~3
V-41 LFPV-4
V-42 LFPV-5

P-0 V43 +  LFPV-6 1 S Closed

10, Perform a purge of the main LH; system by executing steps 30 through 40
of Postflight-Ferry.

11. Perform a purge of the main LOX system by executing steps 41 through 52
of Pogtflight-Ferry.

Command and verify:

P-0 12 V-36 LOPV-3 1 S Open

| V-37 LOPV-4 ¥ ¥

P-0 12 V~-38 LPOV-5 1 8 Open
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EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
P-0 12 V-38 LOPV=~5 1 5 Open
V-39 LOPV~6
V-40 L¥FPV-3
V=41 LEPV~4
V=42 LEPV~5
P-0 12 V43 LFPV-6 L ] Open
Command and verify:
P-0 13 TR~ (14~28) LBIV-(14-28) 1 S Open
Command and verify:
P-0 4 TR~(14-28) IMBV-(14-28) 1 S Open
\/ TR-(14-28)  LIOV-(14-28) Y ¥
P-0 14 TR-(14-28) LIFV-(14-28) 1 S Open
After two seconds, command and verify:
P-0 15 TR~ (14~28) IMBV-(14~-28) 1 S Closed
TR-(14-28)  LIOV-(1l4~-28) ¥ | 4
P~0 15 TR~-(14-28)  LIFV-(14-28) 1 s Closed
Command and verify: '
P=0 16 V-38 LOPY=-5 1 S Closed
V-39 LOPV=6
V=42 LFPV-5
P-0 16 V-43 LFPV-6 1 S Closed
Command and verify:
P-0 17 TR~21 LIOV-21 1 8 Open
P-0 17 TR-21 LIFV-21 1 S Open
Until:
P-0 18 Pol-9 AR, Cc 19PSIA
P-0 18 P£L~10 AR, C 19PSTA
Theh, command and verlfy:
PTO 19 TR=21, LIOV=-21 1 S Closed
\ TR-21 LEFV-21 ¥ ¥
P-0 19 TR-(14-28) LBIV-(14-28) 1 S5 Closed
Command and verify:
P-0 20 TR-(1-13) LBIV-(1-13) 1 S Open
P-0 20 TR~(29-37)  LBIV-(29-37) 1 s Open
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POSTFLIGHT - (Orbital) (Continued)-

. 27.

28.

EXPECTED
PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE
Command and verify:
P-0 21 TR-(1~13) LMBV=-(1~13) 1 'S Open
TR-(1-13) LIOV~(1~13)
TR~ (1~13) LIFV-~(1-13)
TR-(29-37) IMBV=-(29=-37)
TR-(29-37)  LIOV-(29-37)
P-0 21 TR-(29-37)  LIFV-(29-37) 1 S Open
After two seconds, command and verify:
P+0 22 TR~ (1~13) LMBV~(1~13) 1 5 Closed
TR-(1-13) LIOV-{1~13)
TR~ (1~13) LIFV-{1-13)
TR~ (29-37)  LMBV=-(29-37)
TR~(29-37)  LIOV-(29-37).
P-0 22 TR~{29-37) LIFV-(29-37) 1 ] Closed
:: Command and verify:
P-0 23 V-36 LOPV-3 1 5 Closed
V~-37 LOPV-4 *
V=40 LFPV-3
P-g 23 V=41 LFPV-4 1 8 Closed
Command and verify:
P-0 24 TR~1 LIOV-1 1 b Open
P-0 24 TR~1 LIFV-1 .1 S Open
Until:
-0 25 PoL-§ A.R c 19PSTA
P=0 25 PfL -9 AR c 19PSTA
Then command and verify:
P-0 26 TR~1 LIOV-1 1 S Closed
TR-1 LIFV~1 $
TR-(1-13) LBIV~(1-13)
P-0 26 TR-(29-37)  LBIV-(29-37) 1 5 Closed
Purge the gas lines of the Propellant Conditioning Subsystem and A/B

Propellant Management Subsystem by executing steps 53-56 of Postflight-

Ferry.

Purge remsining LH, system, lesg main engines, by ‘executing steps 57-65

of Postflight-Ferry.
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POSTFLIGHT - {Orbitsl) (Continued)

29,

30.

31.

32.
33.
34,

35.

36.

37.

Purge remaining LOX gyatem, less main engines, by executing steps 66-69
of Postflight-Ferry.

Complete main engine purge.

Secure and disconnect the Drain and Purge GSE. Verify propellant coupling
status as Iin step 71 or Postflight-Ferry. Purge complete.

Inspect all subsystems for mechanical disorders.
Attach covers and install desicants where required.

Command RCS doors closed,

Secure and verify the MPS isgolation valves as in step 72 of Postflight-
Ferry.

Power down all propulsion systems and OCMS.

Imput flight data te processing system for trend analysis, performance
evaluation, and/or maintenance report.



APFENDIX E

MEASUREMENTS AND SENSORS



COLUMN HEADING

TABLE E-1

OCMS "MEASUREMENT REQUIREMENTS

EXPLANATION :OF COLUMN HEADINGS AND ‘CODES .

DESCRIPTION

L.

2.

IDENTITY CODE

QTY.

RANGE & UNITS
ALLOW. ERROR
RESPONSE RATE

MTG,

FLUID MEDIA

MEAS, TYPE

l

DATA USE -

The codes in this column relate to the measurement descrip-
tion given in Table E-II,

The quantity of identical measurements Chaving identical
description and requirements). Quantities indicated are
per vehicle stage, except for engine measurements. Quanti-
t%qs for engine measurements are per engine.

The range of measurement and units of measure of the para-
meter to be measured.

The allowable overall error between the égtual parameter
value and the processed data representing that value.

The maximum expected rate of change, time to change state,
or frequency of variation of the parameter.

Mournting of the sensor, or how the sensor is exposed to
the forcing function. Codes used are:

D - Direct mount. Sensing element directly
- exposed to the forcing function.

CE - Component external. Sensgor mounted on
the component, with the sensing element
indirectly exposed to the forcing function,

Denotes the fluid: media, 1f any, to which the sensing
element is exposed,

Relates to the sensor criteria of Table E-ITI. The sensor
‘eriteria assoclated with each measurement type defines the
environment, output signal characteristics, and other
requirements related to the physical equipment for trans-
‘ducing the measured parameter to an electrical signal. ‘

Designates the ‘'end ‘use of the data resulting from the
measurement, Whére data has more than one use and the time
of ddta activity or sample rate is different for each use,
a separate line is used for eachi. Codes used are:

M =~ Monitor (for fallure detection).
C '~ Control
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COLUMN HEADING

TABLE E-I {con't)

OCMS MEASUREMENT REQUIREMENTS

EXPLANATION OF COLUMN HEADINGS AND CODES

DESCRIPTION

9, (con't)

10, TIME OF DATA
ACTIVITY

11, SAMPLE RATE

12, CMPR. MTHD.

13, DATA RATE

14, BIANK COLUMN

Readiness or status check.

T = Trend data.
FI - Fault isolation test.
W - Warning of ;impending failure.

Operation or condition during which the data is meaningful.

The required rate of sampling the measurement during the
time of data activity. Sampling rate is based.on allowable

_error, response rate, and use of the data. Codes used are:

AR - As required, Indicating one or several
samples to be taken whenever the noted:
condition occurs under "time of data
activity".

E.O0. - Each operation., Indicating one or several
samples to be taken each time an operation
occurs that would cause the measured para-
meter to change to a8 new value and remain
at that value.

Negl. - Neglibly low sampling rate., Not important

to data bus traffic or processing loads.

TBD - Sample Rate t¢ be determined by further
study.

Compression Method. This column will contain codes designating
the technique to be used for compressing the sampled data.
These have not been assigned at this time.

The rate at which data from each measurement will be placed
on the data bus during the time of data activity. Data

rate will be dependent on sample rate, compression tech-
nique, and method of organizing the data in the DIV prior to
placing it on the data bus, Data rates have not been assigned
at this time,

This column has been reserved for ap additional column head~
ing 1f one 1g determined to be necessary.



TABLE E-I (con't)

OCMS MEASUREMENT REQUIREMENTS

EXPTANATION OF COLUMN HEADINGS AND CODES

COLUMN HEADING DESCRIPTION

15. DIU NoO,. Indicates the numerical identifications of the DIUs to which
the measurement is routed. Pregent assignments of DIUs in
this column are baseline assignments.

16. REMARKS An asterisk in this column indicates that the remark expands

on information contained in another asterisked column on the
same line,



0CMS MEA SUREMENT REQUIREMENTS

“PRECEDINE-3AGE BIedNK NOD FILUSD

SUBSYSTEM:4.2, ORB. MATN PROP, MGMT,

ALLOW,

o ony | s o e 20 | iz o [rumn | s B0 gy e seom | S0 Jom | mm s
PoT~L,2 2 0-50 peia 'i 2 psi | 20 peifsec D GOy ,EHY | P-1 C" L0s Load Pressurization 10/ sec 18,19.20 %109 Tank Ullage
¢ | Main Engine Buzn 1/sec
R Load & Purge AR,
M Purge & Blanket Press, Wegzl.
PoL-1,3 2 0-100 psia z 5 psi | 20 psifsec D 109 P-2 FI | T.ow Main Engine Thrust AR, 18,19,20
i R ‘ Load & Purge A.R.
PoF-1 1 0-100 psia + 5 psi | 20 psifaec D Lo P-2 R ' | LOp Toad, Start AR, 15,16,17
' FI | Slow LO, Tank Fill AR,
PET-1 1 0-50 psia + 2 psl | 20 pel/sec D LH,, HEX| P-1 c LH2 Load Pressurization 10/ sec 18,19,20 #LHa Tank NWllage
[« Main Engine Burn 1/sec
M Purge & Blanket Press, Negl,
R Load & Purge AR,
PEL-2,3 2 0-100 psia + 5 psi | 20 psi/sec D LHa P-2 R Load & Purge AR, 18,19,20
FI | Low Main Engine Thrust AR,
P£P-1 1 0=100 psia + 5 psi | 20 psifsec D LHz P2 R LHa Load, Start AR, 18,19,20
FT Slow LHz Tank Fill AR,
TaT-1,2 2 2-700°R * 5°R 20%/ sec ] GO, HE* | T-2 R load & Purge AR, 18,19,20 *L.02 Tank Ullage
FIl PoT-1, or Z out of limit AR,
System Active 1/sec
ToL~1,3 z 0-700°8 + 5°R 20°/sec D 1Oz T2 R | Load & Purge A.R, 18,19,20
FI | Pol-1 or 3 cut of limit AR,
TET-1 1 0-700°R + 5°R 20°/ gae D GH,® T-2 M System in use 1/ sec 18,1%,20 #LH, Tank Ullage
FL | PET-1 out of limit AR,
R Load A4 R.
TFL-2,3 2 0-700°R + 5°R 20%/ sec D LHq T=2 FI | PfL-Z or 3 out of limit A.R. 18,19,20
R load & Purge A.R.
QoT-1,4 2 /U x 13" 001 szec v L0, L-1 G 10, Load 10/ zec 18,19,20
C Main Engine Bura® 10/ gec *After QoT-2,5 Uncover
QoT-2,5 2 c/u + 137 ,001 sec o LGs L-1 ¢ | Lo, Load# 10/ sae 18,12,20 *After QoT-1,4 Covered
ol Maln Engine Burn 10/ sec
h:d Toad AR,
QoT-3,6 2 [J4i] + 13" | .00L sec D 10, L-1 C L0, Load® 10/ sec 18,19,20 *After QoT-2,5 Covered
c Main Engine Burn 10/ sec
R Load AR,
QfT-1 1 c/u x . 13r | .00l sec D LH, L-1 c LH; Load 10/ sec 18,19,20
- ¢ - |'Main Engine Burn¥ 10/ sec : . ‘#Afrer QET~2 TUncover
ShLROUT FRAME ? R | Load A.R. i FOLDOUT ERAME <2




OCMS MEASUREMENT REQUIREMENTS

E-7 and E~8
{Continued)

SUBSYSTEM .2, ORB. MAIN PROP, MGMT,

DR | ory | s o | 220 | mmve g || s | 0 g g gy pormyery | 02 o o m o
QfT-2 1., jc/u + 13" .001 sec b)) LHy L-1 G LHy Load* . 10/ sec 18,19,20 #After, QFfT-1 Covered
C Main Engine Burn 10/ sec
R Load A.R.
QfT-3 L C/U + .13: .001 sec n LH, -1 c LH, Load#® 10/ aec 8,139,720 *After QFfT-2 Covered
[ Main Engine Burn 10/ sec
R Load A.R.
LOIV-1,2 2 o/c - G.5 sec CE - PH-ZA R Per POS, Status List AR, 158,19,20
FL Low Main Fng, Thrust AR,
T ['In-Flight Secure 50/ sec
LOvV-(1-4) 4 0/C - 0,3 sec CE | - Py-2 R 10, Load & Purge E.0, 18,19,20
FI | PoT-1 or 2 out of limit AR,
LOFV-1 i 0/¢ ; - 0.5 sec CE |- PH=2ZA R L0, Load & Purge AR, 15,16,17
LFIv-1,2 2 o/C - 0.5 sec CE - PH-24 R Per POS, Status List AR, 18,19,20
FI | Iow Main Eng., Thrust AR,
In~Flight Secure 50/ sec
LFTYV-{1~4) 4 ofc - 0.3 sec CE |- PR-2 3 IHp Load & Purge AR, 15,16,17
FI. | PET-1 out of limit ALR.
LFTy-1 1 |o/c - 0.5 sec CE | - PN-24 R | LH, Load & Purgs A.R. 15,16,17
LOFC-1 i |o/e - - CE |~ FH-3 R | L0s Load & Purge AR, 15,16,17 )
LHC-1,2 2 lefc - - CE |~ PN-3 R | LEy Load & Purge ALR. 15,16,17
LFTVC-1 1 o/c - - CE | - PN-3 R LEy Load & Purge AR, 15,16,17
LFFC-1 1 o/c - - CE | - -3 R | LH, Load & Purge AR, 15,16,17
LHC~7,8 2 o/t - - CE - PH-3 R LHy Load & Purge A.R. 15,16,17
VOIV~1,2 2 0/23 vDC x 20% - - - Ex~1 FI | LOYIV-1 or 2 na-go A.R. 18,19,20
VOVV-(1-4) 4 |o/2s wc £ 20% |- - |- Ex-1 FL | BOVY-(1-4) no-go A.R. 18,19,20
VOFY=1 1 0/28 VDG + 20% - - - EX-1 Fi LOFV-1 no-go AR, 15,16,17
VFIV-1,2 2 | 0/28 voo £20% |- - |- Ex-1 ¥I | LFIV-1,2 no-go AR, 18,19,20 N
VETVV~(144) & 0/28 vDC + 20% - - - EX-1 FI | LFTVV-(%1~4) no-go A.R. 15,16,17
VEFV~-1 i 0/28 VDS + 20% - - - EX-1 FI LEFV-1 no-go AR, 15,16,17
PgRL-~1 i 0-200 psia + 2psi | 20 psi/sec D 10;,HE | P-3 M | 105 Toad 1/sec 15,16,17
- Twoad & Purge AR
Pog-1,2 2 C-2000 psia + 2 psi | 20 psi/sec D Loy P-3 M Boost 20/ sec Eng, Cont,
R Load & Purge AR,
FI | Tow LO2 Pres. AR,
PE5-1,2 2 0-100 psia E 2 pel | 20 psifsec D LHp P=2 M| Boest 20/ sec Eng, Cont
. R Load & Purge AR,
LDOAT Eddte [ 71 | Low 1i, . A.R. EOLDUUY, ERAYE 7/
T X Y




E~9 and E-10
OCMS MEASUREMENT REQUIRKMENTS {Contipued)

SUBSYSTEM: 4.2, ORB. MATW FROP, MGMT,
Ingggéw QY. | RANGE & TNTTS gi;gg' RESAngSE MTE. fé‘gllz ﬁ‘;&;’ g‘;? TINE OF DATA ACTIVITY | it %;;: gﬁ‘é EET:T REMARKS
ToS-1,2 2 |o-600°R £ 5° 20°/ gsec p (Lo, T-2 ®  fLoad & Purge AR, Eng, Cont, '
M Engine Active 1/ sec
¥ Engine Supply Wrong AR,
TEg1,? s |o-san°r e se 20°/ sec |1, T2 B | Load & Purge AR Eng. Cont,
F1 | Engine Supply Wrong A.R.
M Engine Active 1/ sec
= i
HPOET PR !1 1 pomOT PR E— 2




E~11 and E-12

0CMS MEA SUREMENT UIREMENTS
SUBSYSTEM: 4.3, Main Pressurization SBubsystem

Iméggé“ qry, | RaNeE & UwrTs | S-DCH. | RESIONSE wre, | 0T e g‘g‘“‘ TIME OF DATA ACTIVITY | “earl® ggg: e i 3;{’ REMARKS
Pg0-1,2,3 3 0~1200 psia + 10 psi} 500 psi/sec D GOg P-g6A B[ rain Eng. Start/Burn,Ready A.R, 15,16,17 Autogenous System
FL | Uilage Pres. Low AR,
PeF-1,2,3, 3 0-1200 peia + 10 psi| 500 psi/see | D GHy P-6A { R | Main Eng, Start/Burn,Ready AR, . 15,16,17 Autogenous System
FIL | Ullage Pres, Low AR, }
LGPGY-1,2 2 o/c 0.5 sec CE | &0, -24 R Main Tank Pressurization | E.O. 15,16,17
FI | Ullage Pres, Low AR,
TFPCY-1,2 2 |ofc 0.5 sec CE |GHs PN-24 R | Main Tank FPres, E.0, 15,16,17
FL | Ullage Press., Low AR,
LEC-3,4 2 |ofc 0.5 sec CE |HE PH-24 R | load LE E.0. 15,16,17
LHC~5,6 2 a/c 0.5 sec CE | HE PH-2A Load 1O, E.O. | 15,16,17
VOPOY-1,2 z 0/28 v + 20% EX~1 FI { LoPCv-1,2 Apparent Fail. | A.R. 15,16,17
VFPCV~1,2 2 0/28 v + 20% EX-1 FI § LFPCV-1,2 Apparent Fail, AR, 15,16,17
£
!
soimpur coalin g 1 ' ML fRAE 2




E-13 and E-14

OCMS MEASUREMENT REQUIREMENTS
SUBSYSTEM: 4.4 On Orbit Propellant Subsystem

méggw QrY. | RANGE & UNITs | STTOY. | RESTONSE e, | LU o | ooh) rovE oF paTa AcTIVITY | TATLE ﬁﬁ;: s | EET-I REMARYS
PoT~3 1 0-50 psia + 2 pal 120 pelfsec ] GOZ P-1 M Ferry, On-Qrbit, Boost 1/ sec ! 18,19,2¢
c DEf-Orbit Vent E,O.
M Toad 104 10/ sec
R Ioad & Purge AR,
F1 | Reg. or Filter Fail, AR, Verify Upstream Frams.
PEF-2,3 2 050 pala + 2 pai |20 psi/sec D GHy,. P-1 M Ferry, On-orbit, Boost 1/sec 18,19,20
’ [+ Off~orbit Vent E.0.
' R Load & Purg AR.
M Load LHy 10/ see
FI | Reg. or ¥ilter Fail._ AR, i Verify Upstream Press,
ToT-3 1 |o-700°R + 5°R | 20°R(sec D |cos T2 R |load & Purge 4 R. f 18,19,20
™ (See PoT=3)
TET=2,3 2 |o-700° + 5°R | 20°R/smec D |ex T-2 M | (See PFT-2,3) 18,19,20
i R Load & Purge AR,
-QOT-(TFQ) 1 c/U + 13" | 001"/ sec D 10, L-1 c Load and Boost 10/ sec 18,19,20
R Load & Purge AR, i
QET=(4=9) 2 c/u + .1an 001"/ pec pa] LUz L-1 4 Toad and Boost 10/ sac ]. 13,19,20
' "R | Load & Purge AR, ;
LOTVY-1,2 2 o/c - 0,3 sec CE | G0, EN-2 R | 1load, Boost, Purge AR, : 18,19,20
LFTVV-(5,8) 4 o/C - 0.3 sec CE |GH, -2 R Load, Boost, Purge AR, 18,19,20
ToIv-3 i o/c - 0,3 sec CE |10, FN-24 R Ferry, On-Orbit, Beoost E.D, f 18,19,20
FI | Low Qp Supply Press, AR,
IFIV-3,4 2 a/c - 0.5 sec CE |L#y PN-2A E Ferry, On-orbit, Boost E.0. 18,19,20
’ FI | Low Ep Supply Press, AR,
LFVC-1 1 0/¢ - 0.3 sec CE ' | GHp R Load A.R. 15,16,17
VOTYV~1,2 2 |ofzs v £ 20% EX-1 FI | 10TYV-1,2 Apparent Fail. | A .R. 13,14,20
VETVV-(5,8) 4 oz v b 207 . Ex-1 FL | LFTVV~(5,8) Appareat Falli A.R, 18,19,20
VOIV-3 1 0/28 Vv + 20% :_ EX-1 " ¥1 | 10TV-3 Apparent Fail. AR, 18,19,20
VEIV-3,4 2 0/28 v + 20% EX-1 FI | LFiV-3,4 Apparent Fail, AR, 15,16,17
Tol,-2 1 0-700°R + 5°R 20°R/f sec D 1o, T~a 1 Load, Boost 2/ aec 13,19,20
R Load & Purge AR
Pol.~2 1 0-50 psia + 2 psi [20 pai/sec D L0, P-1 M Load, Boost 2/ sec 18,19,20
’ R Toad & Parge AR,
TEL-1,-4 2 0~70C°R + 5°R 20°R/ sec Pl LHs -2 H Load, Baest 2/ sec 18,19,20
B iwoad & Purge AR,
PEL~1,4 2 |0-50 psia £ 2 pel |20 psifsec LH, -1 ¥} Losd, Boest 2/ sece 18,19,20 | “LHOUL ERAME 22
E - - R Load ‘& Purge . AR, C

iy FREyT KR iﬂé,&jﬂ%g 7 - ) {é) (



QCMS MEASIREMENT REQUIREMENTS

SUBSYSTEM:4 ,4 Orn Orbit Propellant Subsystem

E~l5 and E~16

(Continued)

FOLDOUY fRAME
F—'-Bﬂm‘ g’

TR QrY. | RANGE & InIys | ALROR. | RESEOSE wre, | FUDY | MS. Dee'| TIOME oF DATA ActTvrry | SETLE | OUPR.| AT " REMARKS

i 1 |0-700°R + 5°% | 20°R/sec D |10y T-2 M | Ferry, On-orbit, Boost L/sec 18,19,20
: R I Toad & Purge AR,

Pol-10 1 0=200 peia t 10 psil 500 psi/sec D GOy P-7B FL | Low Oy Pressure AR, 18,19,20
R Toad & Purge A.R.

PfL-14 L 0-200 peia t 10 psi| 500 psifsec D GH, P-7B FL § Low H, Pressure AR, 18,19,20
' R | load & Purge AR,

VEPY=(1,4) 0728 V + 20% EX-1 ¥I T LFPV~(1,4}Apparent Fail, | A.R, 18,19,20

TEL-5 0-700°R + 5°R 20°R/ gec D GHs T=2 FL | LHy Supply Failure AR, 18,1¢,20
R Load & Purge AR,

10PV-1,2 2 o/c 0,5 sec CE | 602 PH-2A R Load, Boost, Purge AR, 18,19,20

LFPV~1,2 2 o/c 0.5 sec CE | GH, PN=-2A R Load, Boosat, Purge AR, 18,19,20

eolnour erakd (/ )




%-17 and E-183
0CMS MEASUREMENT REQUIREMENTS

V SUBSYSTEM: 5.1 RGS Engine Bubsystem
IngggéTY QTY. | BANGE & UNITS | ponon- | RESPONSE wre, | FIOED ?Eig' gggA TIME OF DATA ACTIVITY Sgﬁié? gg;g: gigg Eg? REMARKS
PC-(5~13) 9 0<450 psis t 2 psi [50000 psifsec | D7 Hot Gas | P-4 4 RCS Engine Start AR, 4,5,6
M RCS Engine On 20/ sec
PO~ (14-28) 15 |0-450 peia + 2 pei | 50000 psifsec | D Hot Gas | P-4 ¢ RGS Engine Start AR, 1,2,3,
M RCS Engine Oa 20/ sec
PC-(29-37) 9 0-450 psia + 2 psi | 50000 psi/sec | D Hot Gas | - [ RCS Engine Start AR, 4,5,6,
M RCS Engine Cn 20/ sec
LBIV-{5-13) 9 0/c - 0.5 sec CE |- PN-24 & |ILoad & Purge AR, £,5,6
R Prior te RGS Start-up E.O.
LBIV-{14=28) 15 |0/ - 0.5 sec CE |- PH-24 R Load & Puyrgze AR, 1,2,3,
B Prior to RCS Start-up E.Q. !
LBIV-(25-37) 9 o/¢ - 0,5 sec CE - P=24 R Load & Purge 4R, 4,5,6
R Priocr to RCS Start-up R0
TMBY-(5-13} 9 o/c - 0,01 sec CE |- PH-6 R Load & Purge AR. 4,5,6
R RGS Full Thrust E.OD.
LEMY={14=28) 15 to/c - 0,01 sec CE | = PE-6 R Load & Purge A R. 1,2,3
R RCS Full Thrust E.0.
IMBV=(29-37) 9 |o/c - 0.01 sec cE |- PH-6 R | Load & Purge A.R. g 4,5,6
R RCS Full Thrust E.0. ‘
LIOV=(5-13}) 9, |9/¢ - 0.01 pec CE [~ PN-& R Load & Purge ALR. ! 4,5,6
! . R | RCS 0y Ignitien E.0. '
LIOV-(14=28) 15 |o/¢C - 0.0l esze CE |~ PN-6 3 Load & Purge A,R. 1,2,3
R | RC8 Oy Ignitien E.0. i
TIOV-{29=37) o o/c - 0,01 sec CE |- P-4 R Toad & Purge AR, 4,5,8
R RCS 0, Ignition E.O.
LIFV-(5-13) 9 o/C - 0,01 sec CE |- -6 R Toad & Purge AR, 4,5,6
R RCS Hy Ignition E.O.
LIFV-(14-28) 15 |o/fe - 0,01 sec CE |~- PH-6 R | Load & Purge A.R. 1 1,2,3
R RCS Hy Ignition E.O.
LIFV=(29~37) 9 ofc - 0,01 sec CE |~ PN-6 R Load & Purge AR, 4,5,6
R RCS Hy Ignition E.0.
VBIV~(5=37) 33 jof28 v + 20% - EX-1 L | LBIV Apparent Failure A.R. Diu Same as F,C,
VMBY-(5-37} 33 |0/f28 ¥V + 20% - EX-1 FI | IMBV Apparent Failure ALR. Diu Same as P.C.
VIOV-(5-37) 33 (o2 v 1+ 20m |- EX-1 FL | LIOV Apparent Failure AR, ‘ Diu Same as P.C.
VIFV-(5-37) 33 |0/28 ¥ + 20% - . FX-1 FL | LIFV Apparent Failure AR, ] Diu Same as P.C.
YII-(5-37) 313 0/28 v + 20% - Fo-1 R Lead & Purge AR,
! / FI | Ignition Failure AR, FOLDOITE FRANE ": Diu Same as P.C,
EOLEOUT FRAp(5-37) 33 |Palse - cu-1 FI_| Ignition Failure A.R, | Diu Same as P.C.




E-19 and E-20
ocMs MEA SUREMENT REQUIREMENTS

f SUBSYSTEM: 5.2, Propellant Manapement

T

DRI | gy | aaen o oorns| ATOT | SNy | D | 004 | 20| o ek scrrerry | SIS 000 | Ko REVARKS
PoT-4,5 2 0-50 paia + 1.0psi| 20 psifsec D G027 P-1B M APU Blanket Pressuce 1/ sec 1,2,3, For PoT-5
R Load & Purge AR,
) - ¥I | Low HE Preassure 4 R, 4,5,6 For PoT-4
PoT=6,7 2 0-2000 psia +10 psi | 1000 psi/sec D GOg PT7A it APU System Loaded 1/ gec i 1,2,3 ¥or PoT~7
R Load & Purge AR, J
F1 | Low G0, Pressure AR, 4,5,6 Far PoT-b6
PET=4,5 2 0=-50 peia +1.0 psi|20 psi/sec D GH2 P~1B M APU Blanket Pressure 1/sec ! 1,2,3 For PfT-5
R Load & Furge AR, i
FL | Low HE Pressure AR, 4,5,6 For PET-4
PET-6,7 2 0-2000 peia #10 psfl [1000 psi/sec D GHp P=7A b] APU System Loaded 1/ sec 1,2,3 For PET-7
R Loed & Purge AR, .
FI | Low GH, Pressure AR, 4,5,6 For PET-6
PoLi~4,5 2 0-2000 psila £10 pei | 1000 psi/sec D @G04 P-7A FI | Low GO, Pressure 4R, Plu's ag PoT-4,5
PEI~5,6 2 0-2000 psla +#10 pel | 1000 psi/sec D GHy P-7A FI | Tow GH, Pressure AR, Diu's aa PET=4,5
Pol=6,7 A 0-600 psia + 4 pei | 1000 psifsec B GOg P=6 M RCS or OMS Actilve 5/ aec 1,2,3 For Pol-7
R Load & Purge AR,
FL | Thruster Supply Low 4R, 4,5,6 For Pol-b6
PEfL-7,8 2 0-600 paia + 4 pel [ 1000 pel/szc i} GHy Peb M BCS or OMS Active 5/sec ) 1,2,3 For PfL-8
B | Load & Purge A.R. ! .
FL | Thruster Supply Low A.R. { 4,5,6 For PEL~7
ToTwl o5 2 0~750°R + 5° 200°/ sec n G09 T-3 M APU System Loaded 1/sec Diu's as PoT-4,5
R Ioad & Purge AR,
TE£T=4,5 2 0-750°R x 5° 200%/ gsec n GH, T-3 b4 APU System Loaded 1/ sed Diu's as PfT-4,5
. R Load & Purge AR,
TOPY~{3-6) 4 o/C 0.5 sec CE | GOs TN-24 R Prior to Thruster Firing | E,0. 1,2,3 For LOPV=-{5=-6)
R load & Purge AR,
4 Regulsater Failure ALR, 4,5,6 For LOPV-(3,4)
LEPV=(3=6) 4 ofc 0.5 Bec CE | GHy PN-24 R Prior to Thruster Firiag | E.O, ! i,2,3 For LFPV-(5,6)
R Toad & Purge AR, i
[ Regulator Failure AR, £,5,6 For LFPV-(3,4)
LOF¥=2 1 ofc 0.5 sec CGE | G0g PN~2A R GOy Fill AR, 15,16,17
LOFC=-2 i Jolc - CE | Go, FN-3 R | G0, Fill A.R. 15,16,17
LFFV=2 1 o/c 0.5 sec CE | GH2 PN-24 R GHg Fill AR, 13,16,17
LFEC-2 1 o/c - CE | GHy -3 R GH, Fill AR, 15,16,17
PoL~8,9 2 0=50 paia 20 pai/fsee D GDg PN-3 M APU Blanket Pressure 1/sec 1,2,?1_' B For Pol-9
) R | Load & Purge A.R. | ERAEE A
I FI | Low HE Preasure AR, ; 4,5,6 For Pol-8



E-2] and E-22

OCMS MEASUREMENT REQUIREMENTS {Continued)
SUBSYSTEM; 5.2, Propellant Management

St ore. | raveE & wmrrs | ALLOF. | RESTONGE wre. | o | e | ves| TUME OF vata sceTviry | SPRERE TR oA oy REMARKS
PEL~3,10 2 0-50 psia 20 psifsec il GH, -3 M | APU Blanket Pressure 1/ see 1,2,3 For PEL-10
R Load & Purge AR,

B T Tow HE Presgure ) AR, 4,5,6 For PfI,-9
VTPV (3~6) & 0/28 v 20 EX~1 FL ] Apparent Valve Faillure AR, See Valve For Diuo
VOPV~ (3~6) & 0/28 v 20% EX-1 FI | Apparent Valve Failure A.R. See Valve Fer Din
VOFV=2 1 0/28 v 20% LE-1 FL | Apparent Valve Failure A.R. . See Valve For Din
VEFV-2 1 0/28 v 1A EX-1 FI | Apparent Valve Failure AR, See Valve For Din

-

T ) FOLDOUT -
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B=23 and E-24

OCMS MEASUREMENT REQUIREMENTS o s
‘ SUBSYSST%M:OAB' A.P.S. Propel, Conditioaniag

!
e arv. | RaveE & wkirs | AMEOM. | RESPONSE wie, | S0 | Ters’ | mes| TDE OF DaTA AcTIvITY | STLE | e £ o REMARKS
PC~(38-40) 3 0-1000 psaia +5 psi | 50K psi/sec D Hot Gas | P-5 4 Subsystem Start & Shutdowrd A.R. i 9,10,11 Each to Separate Diu
M Bhsystem Qperation 1/sec ';
PPTL-(1-3) 3 0-100 psig + 1 psi |20 psi/sec D 01l P-24 M Subsystem Operaticn 1/2 sec ; 9,10,11 Each to Separate Diu
R G.G. Startup ALR. 3
PPD-(1-3) 3 0-2000 psia +10 psi | 1500 psi/sec i) Loy P7 M 02 Accum Resupply 2/see é 9,10,11 Each to Separate Biu
PPD~(&~6) 3 0~2000 peia +10 psi [ 1500 psifsec D LH2 P-7 M GH, Accum Resupply 2/ sec j 9,10,11 Each to Separate Diu
TC-(1-3) 3 0-2500°R + 20° 200°/ sec D Hot Gas | T-7 I Subsystem Operation 1/sec j 9,10,11 Each to Separate Dilu
R &,6. Startup ALK }.
TPIL~{1-3) 3 0-1300°R + 10°® 20 °/f sec D 01l T-5 M Subsystem Qperation 1/2 sec A 9,10,11 Each to Separate IMu
’ R | G.G. Startup AR, f
QPII~{1-3) 3 0-6 ianches + 125" |12 in/sec D 01l L~2 M Subsystenm Operation 1/2 sec é 9,10,11 Each to Separate biu
R G.G. Startup AR,
NT-{1-3) 3 0-100K BRI + 500 10X BPM/gec D - Se-1 C Subsystem Stavtw-up AR, 9,10,11 Each to Separate Diu
- M Subsystem Operation 2fsec |
LGOV-(1I~-3T} | 3 afc - 0.5 sec CE |- PH-24 R Subsystem Readiness E.O. 9,10,11 Each to Separate Diu
R Load & Purge AR,
FI | PC-(38-40) Out of Timit | A.R,
1GEV-{11-31) 3 ao/c - 0.5 sec CE |~ PH-24 R Subsystem Readiness E.Q. 9,10,11 Each to Separate Diu
Toad & Purge ALR.
FL | PC-{38-40) Out of Limit | A R,
LGOV-{1-3) 3 ofc - 0.1 sec CE |~ PN-8 c Subsystem Start & Shutdewrd E.Q, f 9,10,11 Each to Separate Diu
R Load & Purge AR,
TI | PC-(38-40) Out of Limit | A.R,
TGRY-(1-3) 3 a/c - G.1 sec CE |~ PR-6 [N Subsystem Start & Shutdowid E.O, i 9,10,11 Each to Separate Diu
R Toad & Burge AR, ;
FT | PC-(38-40) Out of Limlt | A.R, :
LIOV=-(38-40) | 3 o/c - 0.1 sec CE |~ PN=6 c Subsysten Start & Shutdowrd E.O E 9,10,11 Each to Separate biu
FL | PC-(38-40) Ont of Limit | A.R. ‘
LIFV=~(38-40} | 4 o/¢ - 0.1 sec CE |~ PN-6 c Subsystem Start & Shutdowr E.O. ; 9,10,11 Each to Separate Diu
TI | PC-(38-40) Out of Limit | A.R.
LLIV~{1~3) 3 ofc - 0.5 sec CE | = PH-~24 R Purge & GO4 Resupplyéload | A R, 1 9,10,11 Each to Separate Diu
FI PPD=(1=3) Out of limit AR,
LFIV-(1-3) 3 0/C - 0.5 sec GE | = PR-24 R Purge & GHy Resupply AR, i 9,10,11 Each to Separate Diu
FI | PPD~(4-6) Out of Limit AR, |
LPSV-(1-3) 3 o/c - 0.5 gec CE | = PN-24 R Purge & Resupply & Load AR, j 9,10,11 Each to Separate Diu
" G GOy Resupply E.O. i AOLO0MT cnd .
FBLDONT ERAME / FI | PPD-{1-3) Out of Linit A.R. ! ; "“"-"'ﬁ‘tfmﬁ .




E-25 and E-26

{Gontinued)
QCHS MEASURFMENT REGUIREMENTS ‘
: sunsheimPRB. 4.P.5. Propel. Conditioning

TORNTIIY a1y, | RANGE & UNITS | ALROW. | RESRONSE wre, | MMUTR | S | e | TOME OF DaTA acTIvITT | ShaUUE MR DM o REMARKS
LPSY~{4-6) 3 ofC - 0.5 sec CE - PH=24 R Purge & Load ALK, 9,10,11 Each to Separate Diu
i C GHy Resupply E.O,
FT PPD-(4~0) Out of Limit AR,
veov-(11=31) | 3 [o0/28 we + 207 |- - |- EX-1 FI | TGOV-(1I-3T) No-go ALK, 9,10,11 Each to Separate Diu
VGEV~{1I~3L) 3 6/28 VDC + 207 - - - EX-1 Fi | 1GIFV-(1I-31) ne-go AR, 9,10,11 Each to Separate Diu
VGOV-(1-3) a 0/28 VDC = 20% - - - FX-1 FI | LGOV-{1=3) no-go AR, 4,10,11 Each to Separste Diu
VII~(38,40) 3 0/28 vDC r 20% - - - EX-1 R Load & Purge AR, - 9,10,11 Each to Separate Diu
TIE~(35,40) | 3 Pulse - - - |- au-1 R | G.G, Start AR, 9,10,11 ¥ach to Separate Dia
VIOV-(38-40) 3 0/28 vbo i'ZO% - - - EX-1 FI LIOV-{38-40) no-go AR, 9,10,11 Each to Beparate Diu
VIFV-(38-40) | 3 0/28 vDC + 20% - - - EX-1 FI | LIFV-{38-40) no-go AR, 9,10,11 Each to Separaste Diu
VLIV-{1-3) 3 0/28 VDC + 209 - - - EE-1 FI {LLIV-{1-3} no-go¢ A.R. ) 9,10,11 Each to Separate Din
VFIV-{1-3) 3 0/28 VDG + 207 - - - E¥~-1 FI | LFIV-(1-3) no-go AR, 9,10,11 Fach tc¢ Separate Diu
vosv-(1-33 3 0/28 VDG + 20% - - - EX-1 FI | LPSV=(1-3} no-go ALR. 9,10,11 Each to Separate Dia
YPEV-(4-0) 3 0/28 vDC + 209 - - - EX-1 FI [ LPSV=(1~4) no-go 4R, 9,10,11 Each to Separate Diu
WP=(1-3) 31 |o-100K REM + 500 | 10K RPM/ sec D j= sp-14 FL | PPD-(1-3) Out of Limit AR, 9,10,11 Each bo Separate Din
AT-(1~3) 3 D-5g t .05g |0-5000 Hz CE |~ v-1 T Subsystem Operation % . 9,10,11 *Analog Recording
AP-{1=3) 3 0-5g i..DSg 0-5000 Hz CE |- V-l T GOy Resupply * 9,10,11 *Analog Recording
AP-(h=6) 3 0-5g £ .05z |o-5000 7= CE |- V-1 T | Gl, Resupply % 9,10,11 *Analog Recording
TPE~{1-1) 3 30-1000°R + 10° 20 deg/sec D L02,GDa | T=4 T G02 Resupply 1/2 seec 9,10,11 Each to Separate Diu
TPB~{4~6) 3 30-1000°R + 10" 28 deg/sec o) L¥y,CH, T4 T GHy Resupply 1/2 sec 9,10,11 Each to Separate-Diu
TPTBE~{1-3) 3 400-1000°R + 10° 20 degfsec D 011 Tw=5 T Subsystem Operation 1/2 sec 9,10,11 Each to Separate Diu
N§=-({1=3) 3 0~100K RPM + 500 10K REM/sec [ L SP-14 M APU Qperaticn 1/2 sec 9,10,11 Each to Separate Tiu
AC~(1-3) 3 0-5g + 0.5g | 0=-5000 Hz CE |- V-1 T G0Os Resupply ® n,10,11 “Apnalog Recording
AG-(4-6) 3 0-5g + 0.5 |[0-5000 Hz GE |~ v-1 T GHy Resupply % . 9,10,11 *Analog Reecording
AC-{7-9) 3 0-5g + 0.5z | 0-~5000 Hz CE |~ V-1 T APU (peration * 9,10,11 *Analog Recording
THE-{1-3) 3 400~750°R + 5° 200 Deg/sec D GOo T3 M G0p Resupply 1/2 sec 9,10,11 Fach to Separate Diu
THE~{4=6) 3 400-750°R + 5% 200 degfsec hl CHy T=3 M GH; Reaupply 1/2 sec 9,10,11 Fach to Separate Diu
NP-{4=-6) 3 0-100K RPM + 500 10K RPM/ sec bl - SP~1A FI | PPD-(4=-6) Out of Limit A R. 9,10,11 Each to Separate Diu
PHEG-(1-3) 3 0-1500 peia +10 psi | 1500 psifsec D [2eP) -7 M G0y Resupply 1/2 sec 9,10,11 Each to Separate Diu
PHEO~ (4=6) 3 0=1500 paia #10 psi | 1500 pei/sec D GH, -7 ¥ |[GH, Resupply 1/2 sec 9,10,11 Each to Separate Diu
i
1 Enn N,
FOLLOUT. enare L TR 7




OCMS MEA SUREMENT REQUIREMENTS

E-27 and E-28

M SUBSYSTEM: 5.4, OMS Engine
e QTY. | RANGE & unzTs | ATLOV. | RESTLNSE g, | FLUTDf WEAS. | BATA| o or paa crmvrmy | SpolE |SnRR.| 2 e REMARKS

PC-(L~4) b 0-450-psla .}z 2 pai |50,000 paifsec| D Hot Gas | P-4 C OMS Engine Start AR, 7, &

M OMS Engine On 20/ sec )
LBIV-(1~4) 3 o/c " 0.5 sec CE |~ PIy-24 R Load & Pruges, Prior to A.R. 7, 8

| RCS Start up

IMBY-(1~4) 4 o/c - 0.0l sec CE |~ -6 R OMS Pull Thrust,load§Purge AR, 7.8
LIOV={1-4) 4 /¢ - 0,01 see CE |= PN~6 R OMs Ygnition, Load & Purgzd A.R. 7, 8
LIFV=-{1-4) 4 c/¢ - 0.0L sec CE |- PN=~6 R OMS Tgnition, Load & Purgg A.R. 7, 8
VBIV={L-4} 4 0/28 vV 20% - - - EX-1 FI | Apparent Valve Failure A.R. 7, 8
VMBY-(1-4) & 0/28 v 20% - - - EX-1 F1 | Apparent Valve Failure AR, 7, 8
VIOV=(1-&) L a/28 v 20% - - - EX-1 FI | Apparent Valve Failure AR, 7, 8
VIEY~(1l~4) & 0/28 v 207 - - - EX~1 FL | Apparent Valve Failure AR, 7, 8
VII-(1=4) 0/28 v 20% - - - vo-1 FI | Ignition Failure AR, 7, 8

R Load & Purge AR,
ITE~(1~4) & Pulse - - - Cy-1 FI | Ignition Failure AR, 7, 8

f =
O}
TSI !S@ﬂ %E_Q
EADDUT Eszga,g;g_? [




E~2% and E~30

QCMS MEASUREMENT REQUIREMENTS
SUBSYSTEM; 3.1, 6.1, Airbreathing Engine

DRI P P A | e MG, | ety S | Dat#| TIME OF DATA ACTTVITY SR i o o BEMARKS
PfCCI 1 0-60 psia +.5 psi | 20 psi/sec D GHo p-1-TF FI | Engine Malfunction AR Eng. Cont,
PLPD L 0-100 psia t.5 psi| 20 psifsec D Lube P-2A-TF| M Engine Active 5/sec Eng. Cont,

R Engine Startup AR,

FI | Engine Malfunction ALR:
PSFD 1 0-100 psia £.5 psi | 20 psifsec D Tube P-24~TF | M '| Engine Active 5/sec Tug. Cont,

R Engine Startup AR,

FI | Engine Malfunction AR,
PG 1 (-100 psia .5 psi| 20 psi/azc Ji] Lube P-2A-TF| M Engine Active 5/ sec Eng. Cont,

FL Engine Malfunction AR,
PFL L 0=20 psia +.5 psi | 20 pei/sec’ o Air P-1C~TF | &% | Engine Active 100/ sec Eng, Cont,| *Gas Path Analysis
PHPT 1 0-200 psia + S psi | 20 psifsec D Hot Gas | P-3A~TF| C*% | Engine Active 100/ sec Eng, Cont,| *Gas Path Analysis
PED 1 0-150 psia T3 psil | 20 psifsec D Hot GCas| P-3B-TF| C¥ | Engine Active 100/ sec \{ Eng. Cont. #Gas Path Analysis
PDVDVP 1 0-200 psia + & psi | 20 psifsec n LH2 P~3C-TF| G* | Engine Active 104/ sec 3’ Eng, Cont | *Gas Path Analysis

R Engine 3Startup AR,

FL | Engine Malfunction A.R. 3
TECCT 1 0-600°R + 10°R | 20%/sec D GHz T-2-TF TI | Engine Malfunction AR, Eng, Cont.
TSPD 1 0~1000°F 1 20°F | 20°/sec T Lube T-54-TF| M Engine Active . 5/sec Eng. Cont.

R Engine Startup AR,

FI | Engine Mslfunction AR, .
TIa i 0-1000°R + 20°R | 20°%/sec D Air T-44-TF | % | Engine Active 100/ sec - Eng. Cont.| *Gas Path Analysis
THPT 1 0-2500°R + 40°R 20°/ sec D Hot Gas| T-7A-TF| C% | Engine Active 100/ sec Eng. Cont.] *Gas Path Analysis
TLPTD 1 0-2500°R + 40°R | 20% sec D Hot Qas | T-74-TF| C% | Engine Active 100/ sec Eng, Cont,| *Gas Path Analysis
TED 1 0-2500°R + 40°R | 20%/ zec D Hot Gas | T-7A-TF| C* | Engine Active 100{ sec Eng, Cont,] *Gas Path Analysis
TCT 1 0-2500°R + 20°R | 20%/ sec D Hot Gas |T-7A-TF C% | Engine Active 100/ sec Bng, Cont,| #Gas Path Analysis
TTB 1 0-~1500°R & 20°R | 20°%/sec D Hot Gas| T=-5B=TF| M Engine Active 25/ sec Eng. Gont.

Fngine Starl/Shutdown AR,

TFH 1 0-600°R + 10"R | 20°/sec n GHy T-2-TF FI | Eagine Active ALR, fing, Cont.
FEF 1 ] 0-20 b/sec | £.5 1b/d 15 1b/sec’ S FR-14-TH c* | Engine Active | 100/ sec Eng. Gont.| *Gas Path Analysis

R Bngine Start-Step AR,
QLO 1 0-1 ft £,03 fr | 20 ft/aec D 0il T~24-TF| M Fngine Active 5/ sec Eng. Cont,

R Engine Start-Stop AR,
NHPT 1 0-15000 rpm + 50 Tpm 5000 rpm/sec CE | - §P=3-TF| C% | Engine Actiwve 100/ zec Eng, Cont | *Gas Path Analysis
HF 1 0-13000 rpm + 50 rpm 1000 rpm/sec CE | - SP=3TF C% | Engine Active 100/ sec Eng. Cont,| *Gas Path Analysgis
NVDVP 1 0-20000 rpm + 50 rpm|{ 1000 rpm/sec CE | - 5P-3-TF | M Engine Active 10/ sec Eng, Cont,

3 Engine Start-Stop
AFFB 1 0=5 g .5 g 0=3000 HZ CE - V-1lA-T#; T Engine Active a* Eng. Cont,] *Analcg Recording
AFCE 1 |o-5¢g +0.5 g | 0-3000 HZ CE | - v-14-TF| T | Engine Active % Fug. Cont,! #inalog Recording
#Per Forine LS - L’.‘QJLJJQJJI ERAME Z ‘
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E-31 and E-32

Qg8 MEA SUREMENT UIREMENTS (Continued)
SUBSYSTEM:3.1, 6.1, Alrbreathing Engine
TPERTLTY RANGE & UNITS RESRON S e, | B | Gea'| e oF DaTa acrviry | SPTHE e o REMARES
ALPRB 1 [0-5 & 0-3000 HZ CE - V-1A-TF T Engine Active # Eng. Cont.| *Analog Recording
LETVA/B 1 o/c 0,1 sec CE |- PN~5-TF | G Engine Start/Shutdown A.R. Fng. Cont.
LSPY 1 a/c 0.1 sec CE |- PN-5-TF ] C Engine Start/Shutdown A.R. Eng, Cont,
YFIVA/B L Q28 ¥ - - - EX=1-TF | FI | Apparent Valye Failure A.R. Eng, Cont,
VPV L 0/38 ¥ = - - EX-{-TF | FEI ‘prt Valve Failure A.R. Engz, Cont,
Y, 1 0/28 V - - = EX=1A~TH FI | Engine Malfunction AR, Eng, Cont,
VIIA/B 1 0/28 ¥ - - - Yo-i-TF | FT | Tenition Fallure AR, Eng, Gont,
. R Engine Start AR, Eng, Cont.
VIED TED - - - V0-2-TF-| FI Ignition Failure A.R. Eng. Cont,
VFE 0/28 v - - - VO-3-TF | M Engine Active 10/ sec Eng. Gont.
R Engine Start-Stop
¥I | Engine Malfunction AR,
IiT TRD - - - CU-3-TF | FIL | Ignition Failure AR, Eng. Cont,
R | Engine Start A.R.
IFH TBD - - - CU-4-TF | M Engire Active 1/sec Eng. Cont.
FIL | Heater Malfunction AR,
Epgine Start AR,
FLB onfoff 0.1 gec i Hot Gas | FL-1-TF Engine Start AR,
Engine Shutdown 10/ zec
FIC 1 TRED - D FL=1-TF | FI | Engine Malfunction A.R. Eng. Cont,
AGEQ 1 30 to 160 db 50 HZ to 10KHZ AC-1-TF | T Engine Active * | Eng. Cont,| *Analog Recording
LCPRY 1 Jo/e 0.1 sec o) PNu5=TF Engine Start A.R. | Eng. Cont,
PZGL 1 | 0-100 psia 20 psifsec D | Lube P-2A-TF Zera € Engine Lube P AR, ! Eng. Cont,
FROUT FRaa )
LrRAE 2

*Par Engine
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OCMS MEASUREMENT REQUIREMENES

E=33 and E~34

BUBSYSTEM: 6.2, A/B Prop. Management

[ler

1lex

A s e R I e e R e i B o R e w0 REARKS
PED-(7-9) 3 0-100 psia £ 2 pel |20 peifsec D 1H, P-2 M A/B Bystem Active 5/ aec ] 12,13,14
R Engine Start AR,
FL | Lew LH, Supply Pres, AR,
PC-(41-43) 3 01000 psia + 5 pai SOdD paifsec D Hot Gas | P-§ C Gas Gen, Start-up AR, 12,13,14
) M A/E System Active 10/ sec
¥I |[Low LH, Supply Pres. AR,
PfL-(11-13) 3 0-60 peia + 2 psi |20 psi/sec D LHp P-1 c A/E Eng, Start OK AR, 12,15,14
Toad & Purge AR,
] M A/B System Active 5/sgec Also Input to Eng. Contro
FL | A/B Bangine Fallure ALR.
PTPL-(1-3) 3 0-100 paig +1 pel | 20 psifsec n Tube P24 M G.G, Running 1/2 sec 12,13,14
i R Engine Start AR,
FI | G.G. Failure A.R.
TC- (&-6) 3 |o-2500°8 +20°  |200° sec D |Fot gas | T-7 ¥ |G.G. Running 1/sec 12,13,14
FI G.G. FPailure AR,
TEL-(6-8) 3 0-100°R + 5° 10°/ sec i) LH, T=1 ¢ A/B Eng, Start OK A R. 12,13,14
R A/B Eng. Start AR, Also Input te Eng. Contro
M |.A/B System Active 5/ sec
FL | A/B Eng. Fallure AR,
TTPL-(1-3) 3 0-1300°R + 10° 20°/ sec D Lube T=5 G.G, Running 1/2 gec 12,13,14
- R Englne Start AR,
FIL | G.G. Fallure
QTPL={1~3) 3 0-6 inches += 1/8" |- D Lube L~2 M G.G. Running 1/2 sec 12,13,14
R .| Engine, Start AR,
FI | G.G. Failure AR,
NT-(4-6) 3 0-100,000rpn |+ 500 1000/ sec CE |~ 5p-1 { 6.6, Running 5/ sec 12,13,14
Engine Start A.R, A
* PI | &.G, or Turbine Fallure A.R,
TGFV-(41-61) 3 0/¢C - 0.5 sec CE |~ PN~2A R A/B System Starteup & loaq A R, 12,13, 14
LGFV-(4-6) 3 o/c - 0.5 asec CE |~ PH24 R AfB System Start-up & Load A.R. 12,13,14
TGOV-(4I-61) 3 o/c - 0.5 sec CE |- PH-24A R A/B System Start-up & Load AR, 12,13,14
LEQV-(4-6) 3 a/c - 0,5 sec CE {- PN-2A R A/B System Start-up & Load AR, 12,13,14
LFIV-(4~6) 3 o/c - 0,2 sec CE |- PN-4 R A/B Syastem Start-up & Load A R, 12,13,14
LPSV=(7~9) 3 o/c - 0,2 sec CE |- P-4 R A/B System Start-up & Load A.R. 12,13,14
LEFY=(1-12), 12 |o/cC - 0.2 sec CE |- P-4 R AfB System_Start-up & Load A.R, 12,13,14 , . .
VGFV- (41~61 3 0/28 v + 20% - - - EX-1 FI | Apparent Valve Failure AR, 12,13, Y4 £8) e cos -
Lverv-(4-6) | 3 |o/2s v TE - |- EX-1 rI | Apparent Valve Failure | A.R. 12,13,14 HERARE 2]
i e casaE 7 b



OCMS MEASURFMENT REQUIREMENTS

E-35 and E-36
{Contlued)

SUBSYSTEM:6.2, 4/B Prop, Mansg ement

e e L bl e e e e | y s
VGOV-(4I-61) 3 0/28 v " 20% - - - EX-1 FI | Apparent Valve Failure ALR, 12,13,14
VGOV~ (4-6) 3 0/28 v +°20% - - - EX-1 FI | Apparent Valve Failure AR, 12,13,14
VFLV-(4=6) 3 0/28 v +"20% - - - EX-1 FI | Apparent Valve Failure A.R, 12,13,14
VESY-(7-9) 3 0/28 v + 20% - - - Ex-1 FI [ Apparent Valve Failure AR, 12,13,14
VEFV=(1=12) 12 {0/28 V + 20% - - - Ex-1 FI | Apparent Valve Failure AR, 12,13,1%
VIT-(41-43) 3 0/28 v £ 20% - - - vo-1 R G.G. Start-up E.OQ. 12,13,14
VIEQ-{4-6) 3 TED - - - vo-2 FI | G.G, Start-up AR, 12,13,14
IIE~(&1=43) 3 TED - - - - cu~-2 R | Engine Start AR, 12,13,14
FI | Igniter Failure ALF.
ATw(4=6) 3 0.5 g £'0.5 g | 0-5000 HZ CE |- v-1 M#x | Turbine Runaing *Analog Recordiag
AP=(7-9) 3 0.5 g + 0,5 g | 0-5000 HZ CE |~ V-l M# | Pump Running *Analog Recording
. o ) ' FOLDOUTE foane A
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