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FOREWORD

This report was prepared by the Martin
Marietta Corporation under Contract NAS8-25619
"Space Shuttle Propulsion Systems On-board
Checkout and Monitoring System Development Study,"
for the George C. Marshall Space Flight Center of
the National Aercnautics and Space Administration.
The report is comprised of four volumes:

Volume I - Summary

Volume II - Propulsion System
Definition and Criteria
Volume IIT - OCMS Criteria
and Concept

Volume IV - Appendices
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HOMENCIATURE

I, Definitions

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

BUILT~IN-TEST EQUIPMENT (BITE): An integral part of a funetional 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,

CHECKOUE: 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)
comnunicate 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,

DESICN REFERENCE MODEL: The baseline configuration,

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

DIGITAL INTERFACE UNIT: An intermediary unlt 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 TSOLATION: The processing of analyzing a malfunctilon or abnormality
toe the extent of determining which functional element 1s defective,
where the functional element is ordinarily a Line Replaceable Unit,
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NOMENCLATURE (Continued)

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

GAS PATH ANALYSIS: An assessment of engine performance that 1s made
through evaluation of a set of measured values of pressures, temp~
eratures andfor flow rates,

GROUND SUPPORT EQUIPMENT: (for checkout and monitoring) That equipment,
" in addition to the onboard equipment, which is needed to acccmplish
the functions of checkout ard monitoring,

LINE REPIACEABLE UNIT: A componert 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 complexity of post~replacement calibration form a basis
for Line Replaceable Unit selection,

MAINTENANCE: Those functions and activities associated with restoring
the vehicle to an operatlonal condition between flights.

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

MONITORTNG: Repetitive acquisition and evaluation of needed Qata.

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

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

SELF CHECK: The process by whilich a functional element assesses its own_
operational Iintegrity 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 preseribed limits would cause loss of vehicle, crew, and/or
mission objectives,

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

TIMELINE: A representation of a sequential series of events which
§epicts the time of occurence and duration of each avent,

TRANSDUCER: Same as sensor.

TREND ANALYSIS: The process of evaluating successive samples of the
same data (o forecast end of useful life and/or incipient failure
as an aid to maintenance operations and *o mission or vehicle
configuration decisions,

Abbreviations and Acronyms

‘Wote: Measurement nomenclature is defined in the measurement section,

AlB Airbreather ox airbreathing
APS Auxiliary Pfopulsion System
APU ‘ Auxiliary Power Unit
BITE Built~In Test Equipment
cc Combustion Chamber
CCc Central Computer Complex
.GCU Channel Control Unit
Cg Thrust Coefficient
C% : 'Chafacteristic Exhaust Velocity
) DI& Digital Interface Unit
DRM Design Reference Model
AV Change in Velocity
EPL Emergency Power Level
FMEA Failure Modes and Effects Analysis
FPB Fuel Preburner
F3s1 " Fire Switch #1 (Engine Start Signal)
FSo " Fire Switch #2 (Engine Shutdown Signal)
GHe Gaseous Helium
GH2 Gaseous Hydrogen
GN 2 Gaseous Nitrogen
GOX Gasecus Oxygen
GSE Ground Support‘Equipment
G &Y Guidance and NWavigation

HPFTPA  High Pressure Fuel Turbopump Assembly



HPOTPA
Ign
KsC
LH,
Lo,
10X
LPFTPA
LPOTPA
LRU
MPL
MR
MSFC
NPL
oCMS
OMS
OPB
B/L
RCS
TCA
TPF
. TPT
TVC
VAE
WTR

ix
NOMENCLATURE (Continued)

High Pressure Oxidizer Turbopump Assembly
Igniter or Ignition

Kennedy Space Center

Liquid Hydrogen

Liquid Oxygen

Liﬁuid Oxygen .

Low Pregsure Fuel Turbopump Assembly
Low Pressure Oxidizer Turbopump Assembly
Line Repl&ceable 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 Phase Finalization

Termiﬁal Phase Initiation

Thrust Vector Control

Vertical Assembly Building

Western Test Range



. NOLLONGOULNI-—

#

INTRODUCTION

L



I-1

The technical approach used in this study to develop the
concept for onboard checkout and monitoring of the Space Shuttle
propulsion systems is .described in Volume X. The baseline
mission, vehicle, propulsion systems and vehicle electronics
are described in Volume IT, together with the analyses conducted
to establish the propulsion systems' checkout and monitoridg
eriteria., Figure I-1 is repeated in this chapter, again illus~
trating the technical approach; this volume presents the analyses
that were conducted tc define the checkout and monitoring
approach, and describes the resultant concept.
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A, CHECKOUT AND MONITORING REQUIREMENTS ANATYSIS

In the early stages of this study it became apparent that
to effectively develop the onboard checkout and monitoring
requirements it would be necessary to devise an efficient work-
ing tool which would serve as a communication link between the
propulsion personnel and the electronics personnel engaged in
this effort. A method was needed to translate the propulsion
subsystem definitiong and functional requirements into infor-
mation pertinent to the checkout function, and assemble that
information in a form which would become the basis for the
definition of the bulk of the checkout and monitoring require-
ments. Included in this task was the necessity to identify
the sequences of operations of the various propulsion systems,
assemblies, and elements; to identify the means of detecting
failures in those operations, the means of isolating those -
failures to replaceable units, and the actions required as a
result of such failures. In addition, it was necessary to
develop the intimate relationship between checkout and con-
trol of the propulsion systems as well as identify any time
or cycle sensitive elements employed by those systems,

To satisfy these requirements, z set of documentation
entitled Checkout and Monitoring Requirements Analysis
(C/G~MA) was developed. This was accomplished in two phases.
The first phase consisted of a series of workshops by the pro-
pulsion and electronics personnel where, on a subsystem-by-
subsystem basis, the mission phase functional requirements
were examined. The sequences of operations were identified,
time or cycle sensitive elements were identified, and a phase-
" by-phase mission analysis was performed to identify the
checkout, monitoring, fault detection, fault isolatiom, failure
reaction, and countrol requirements for each subsystem. The
first natural result of this procedure was the generation of
a preliminary set of subsystem measurement lists which were
included at the end of each subsystem analysis. In those
areas where information was either incomplete or not available,
action items were noted or appropriate assumptions were made
and identified. The sequence and logic diagrams which accom-
panied those analyses are presented in Chaptexr III, Volume II,
of this report,
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The second phase of this procedure consisted of taking
the above analyses for each subsystem during a particular
mission phase, and molding them into a continuous mission
phase analysis, This was then re-evaluated against-the sub-
systems requirements documentation. Finally the detailed
operations of the tasks identified in the phase-by-phase
analysis were added. These include the. ground support equip-
ment requirements and the detailed measurement requirements,
The result is a step~by-step sequence for a nominal mission,
indicating the expected values for a particular parameter
at a given time, and the justification for making the required
measurements. This.result is contained in Appendix D of
Volume IV,
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B. LEAK DETECTION AND MONITORING

1. Introduction

The leakage of propellants or pressurants aboard the Space Shuttle .can
result in hazarxdous conditions from fires or explosioms, reduced stage perform-
ance, or functional losses of propulsion system elements. Although the level
of redundancy in the propulsion systems is such that, in general, failures
of single components do not adversely affect the operatienal capability
of the stage, the fallure modes and effects analyses show that leakage is
" a mejor fallure mode, 4s a part of the definition of the propulsion system
0CM3, 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,

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

a. The functioms of the leakage detection and monitoring system are
two fold: first, the existence of external or internal leaks in the
propulsion components in exceedance of component or subsystem design
specifications must be detected, because such conditions can result

in subnormal system performance, indicate that a redundant element

no longer exists, cor directly induce a hazardous condition. Secondly,
the presence of hydrogen-air' or hydrogen-oxygen nmixtures at concentra-
tion levels and pressures in the combustible regime must be detected
for hazard waxning. A hybrid approach to accomplish these onboard func-
tions is recommended, The approach consists of utilizing ultrasonic
detectors for leakage detection, and a mass spectrometer/sampling probe
system for concentrationm monitoring, The latter would alsoc be used as
the cabin gas analyzer. ‘ -

b, A technology program to characterize the performance of the ultra-
sonic detectoxs with cryogenic hardware should be implemented,

¢c. Since the lower pressure limit for combustion of hydroges 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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2. 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 failure is
excluded from ‘the analysis.

c. The orbiter stage 18 used as the bdsis 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 downstreamof the base heat shield can constitute a
special hazard problem. This problem is beyond the range of this study
due to the interaction of recirculating gases from the external flow
field and the complex nature of the total problem,

3. Leakage Sourcesg 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 propulsion system is shown in Figure II-1,
The components, asgemblies and subsystems that are potential leak
gources are as follows:

“Propellant tankage
Propellant lines
Igsoclation/prevalve
Vent and relief valves
Fill and drain valves
Pressure regulators
Shutof£f valves

Check valves
Disconnects

Sealed joints

Main engine
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The propellant tankage Includes both the main and on-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 is 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 position
the leakage of any liquids would rapidly vaporize to the gaseous
state. If the stage were in a horizontal attitude, leakage from
the large main LH, tanmk 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
LHo 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 tubing 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 leakage source.

The propellant shutoff or isolation valves could leak both
internally with leakage of liquid or gas into the position indicating
switch, actuator, or closed position latch and externally at the
flange joints. Leakage through the gate 1lip 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 this valve can also leak. —

The £111 and drain valves which are butterfly type valves can
suffer leakage mainly through the valve seat lipseal. A relief valve
which is 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 is that which occurs
through the regulator outlet or from the Integral relief valve,

The check valves can incur internal leakage after repeated
usage.

The £ill and drain disconnects consist of an airborne half
which 1s essentially a mating ring with sealing surfaces 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 II~2, Those components,
assemblies, and subsystems within this system that are poteéntial
leak sources are as follows:

Propallant accumulators
Propellant lines

Gas generators

Solenoid valves
Turbopumps
Turbocompressors

Heat exchangers

Check valvas

APS engines

The propellant accumulators store the gaseous hydrogen and
oxygen at 1500 psia. As with the main tankage, these high pressure
bottles will be tested for structural integrity under pressures
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 1078 std
em3/sec,

The bipropellant gas generators within the APS propellant
conditioning subsystem could be a leak source for the GHp and
GO, both internally and extermally. Also they generate hot gases
which could leak extermally, '

The heat exchangers which furnish the heat source to convert
the L0y and LH, to GO, 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 intermal leakage
with a potential 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
pumps and turbine driven compressors does Tequire speclal comsider-
ation due to the dynamilc sealing necessary to prevent leakage from
such components. The principal dynamic seal types used in turbo~
pumps and compressors are the labyxinth, face-riding, and shaft-
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Figure II-2 ORBITER AUXILIARY PROPULSION SYSTEM
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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 assure positive sealing for critical applica-
tions such as propellant seals where fuel may be on one side and
oxlidizer on the other side of the seals. 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 II-3.. Those
components, assemblies, 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-
eirculation and high leakage would decrease performance of the
turbofan engines. This would be detected by trend data analysls
of englne performance. In the high and low pressure turbines 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 return 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 oil to the hard vacuum, cold welding of the
contact surfaces, and freezing of the oil. Turbofan engine lubricatior
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 rotating shaft for compartment sealing.
While in orbit, the leakage through these seals would drop the system
internal pressure to the vapor pressure of the oil., 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 pressure Which would be monitored
by the OCMS.

4) Main Fngine and APS Engine Subsystems

In support of this study the Aerojet Liguid Rocket Company con-
ducted a detailed leakage analysis to the component level on the Main
and APS engines. Each engine component that could leak was analyzed
to determline the consequences of the leak and how it could be detected,
This first phase of the ALRC study resulted in an analysis sheet for
each component. These analysis sheets ate not presented in this report
because of their bulk; an example is presented in Figure II. These
studv results for the Main and APS engines are summarized in Figure
I1-5. Each component that represented a leak source is identified and
the type of leak, egress point for the leak, and effect of the leak
ig described. The detection test method is identified.
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LEAK DETECTION ANALYSIS Sheet 19 of 39
OXIDIZER CONTROL VALVE, OX, PREBURNER (1.1.1.11)

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

//////f—— 0x1d, Control Valve

: |
. M )(/ ’
Fuel Main
Valv m : . H.P,
-*{>§f . 0.T.P.Al
Sy | L ¢ .
F.P.B.ign_" - ig |
4R -—— 0.P.B. 2nd Stg,
' , 0
11/
Turb.ine . 8 Tu?:‘-bine
1st Stg.

CONSEQUENCES OF LEAXAGE:

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

2) Post 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:

1} Preburner temperature/pressure at start and sghutdown, Shutdown data
will be more indicatlve, as a leak in the igniter oxidizer valve

will cause a pressure peak at start,

2) It may be possible to use an external contact-type ultrasonic leak
detector in conjunction with a 25-50 psig GHE or GN; pressurization
in maint, shop. if flight data indicates an abnormality, The design
of this valve may preclude Incorporation of a leakage detector probe
(1.e., thermocouple), so the ultrasoniec technique should be pursued,
Presence of igniter oxid, valve could make location of leak a difficult

task,

Figure Il~4 Example of Engine Component
Leak Detection Analysis
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FOLDOUT FRAME[

FOLDOUT FRAME 2.

FIGURE II~5 TI-13 mnd 11-14
LEAKAGE DETECTION ANALYSIS SUMMARY nd 11-1
MISSION PHASE CODE: MAIN ENGINE
A, FERRY
B, GROUND -
€. FLIGHT
LEAKAGE TYPE OF LEAK EFTECT OF LEAX DETECTION TEST METHODS
- SHOT' OR ER .
SQURCE AND EGRESS POINT O%I%%AIBIIJJN ]EO(IJJU %NJ . WI‘I‘CI)-I O?\ITL}IIBQA S’{r%SEié %%EONJ SHOSNOII;. OTHE;E%QTIE%T WITH NO
1.1,1,2- Fuel Leak. A, None *None * None *Helium leak test but requires sensing
Lift ~Off Beal, Face Sezl, in Turbine B. Fire Hazard at fuel main valve (parallel path), to
HFFTPA Section of Pump. Exits C. QOrbiter Only - Fire differentiate. Externalultrasenic
and Nozzle Hazard during contact prooe at valve, and at pump.
L11.4 - Boost. i
%iﬁ,}pff Seal,
L.1.L2-Chk Fuel Leak, A, None - Bearing Temperatire. None Leak test with external ulérasonic
Valves for HPOTPA Feed Line: Seal leaks in B. TFire Haward - contact probe
Turbine Bearing forward dir. C. oOrhiter Oply - Fire
Coolant Ret Line:  Seat Ieaks in Hazard during )
reverse dir. Boost.
Both Exit Nozzle. .
LI1.LB- Tuel Leak. A. None Temp, Sensor downstream of None , A helium leak test in shop can be perfornzed
Fuel Mzain Valve Poppet Seal. Exits Nozzle | B, Tire Hazard Valve., Check temp. at Prop, with two types of sensors;
C. Orbiter Only - Fire loading, on-pad, and post-FE,. 1y External ultrasonic probe at valve.
Hazard during 2) Mass. spec. probe inserted in main C.C,
B Boost, . igniter Tube, with a collar seal.
LLl9- Ouid, Teak, A. None Temp. Sensor downstream of None A GNp leak test with an external ultrasonic
Cxid, Main Valve Poppet Sezl. Exits Noszle | B. Hard start, TCA Valve, Check temp. at Prop. contact probe, The multiple paths for
damage. U large loading, on-pad, and post FSa, Oxid, leakage which exit the nozzle render
enough possible a "'sniff" test in the chamber useless,
hazard on launch - ! .
pad.
C. Shutdewn - high M, R, -
Possible injector
damage.
1,1.1. 11 - Oxid. Lealk, A, None 1. Preburner pressure/lemp. None GN,, leak test with external ultrasonic
Onid. Control Valve, Shutoff seal. Exits Nozzle } B, Hard start, Possible data at stari and shutdown., Large . probe. Proximity of igniter oxidizer -
O.P. E. B preburner/turbine leek would show up on pad on valves leaves some doubt about the
damage. Possible chamber temp. specificity of this teaf,

high M. R. at shug-
dewn, with turbine
damage,

C. Orbiter - Hard atart,
Possgible preburner
turbine damage.
Possible high M. R,
at shutdown with
turbine damage.

2. Review valve design to deter-
mine whether or not & thermocouple
could be incorporated in passage
downsiream of valve. The
preferred method however, is #1
aboVe as it make% use of transducers
already on engine for other purposed,

*FURTHZR 8TUDY REQUIRED.
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MISSION PHASE CODE:

A. FERRY
B. GROUND
C. FLIGHT

FIGURE II~3 (Centinued)

LEAKAGE DETECTION ANALYSIS SUMMARY

MAIN ENGINE

FOLDOUT FRAME 7

II-15 and II-16

LEAKAGE
S0URCE

" TYPE OF LEAK
AND ECRESS POINT

EFFECT OF LEAK

DETECTION TEST METHODS -

| ON-BOARD DETECTION IN CONT,
WITH FUNCTIONAL OUTPUTS

SHOP CR OTHER TEST IN CONg,
WITH ON-BOARD EQUIP.

SHOP OR OTHER TEST WITH NO

ON-BOARD EQUIP,

1, L 1, 12 - Oxid,. Cxid, Leak., A. None 1, Preburner pressure/temp. data None GNgz leak test with external uttrasonic
Control Valve, F, P, B.| Shutoff Seal. Exits Nozzle B. Hard start. Possible Large leak probe, Proximity of igniter oxidizer
preburnez/turbine would show up on pad on chamber valve leaves some doubt about the
damage. Possible temp, specificity of this test,
lt;lu%ilnm;.'%h i:;;;jl: 2, Review valve design to determine
dﬂma.,ge whether or not a thermocouple could
. 5 be incorporated in passage dovn-
& m;;;zibleﬂg;éibiﬁg; / stream of valve. The preferred
turbice damage method, however, is #1 above as it
Dossible hi hgl\& R makes use of transducers already
at shutdowngwitl; - on engine for other purposes.
turbine dzmage,
1.1.3. 1-1‘ Oxid, Leak A. Ncne 1. Prsburner chamber press/temp. Mone GHN,, leak cheek, with external ultrasonic
Ign, Oxid, Valve, Poppet seal. Exits nozzle | B, A larpe leak could/ probe., Possible confusion with leakage
0. P. B. result in igniter 2. Review ieni N in oxid, control valve exists, On-board
. . - . Review igniter desiga to deter- .
i g;!er?;lréﬁrt/;tt:'ﬂme iine if a thermocouple could be device probably the best technique,
c Orbitergm A lar e'leak incorporated downstream of valve.,
" enid remilt & Ieeited / Preferred method is #1above as &
preburner/turhﬁ?; would make use of existing
Jamage at start iransducers. .
1.1,.3.1-2 Oxid. Leak A. None , 1. Preburner chambér press/temp, Nene GNp leak check, with external ultrasonic
Ign. Oxid. Valve, Poppet Seal, Exits nozzle | B, A large leak cauld/ ) ' probe. Possible confusion with leakage
F.P.E reasult in igniter 2. Review ieni ; in gxid. control valve exists, On-board
s A . Review igniter design to deter- : .
g:i?al‘lrnezt'/st?arﬂme Imine if & thermocouple could be device probably the best technique.
C. Orbite gf: lar e‘leak incorporated downstream of valve.
. 1111; resuls ].E senited/ Preferred method is #1 above aa it
;:eburner 7 mrhilﬁ: would make use of existing
damage at start. transducers.
- . . - PR S :
1.1.3.1-3 . Oxid. Leak A, Nope Lol 1. Main Comb, Ch. Press. None GN, or GHe leak check, with probe
. Oxid, Valve Poppet Sezl. Exits nozzle | B, A large leak could : e . inserted in igniter tune. This test can be
]\I%:j_n TCA ! result in igniter/maiy 2. lmiter design should be reviewed successful, 4s the igniter champer would

C.

C.C, damage pre-
mature shutdown.
Orbiter - A large leak
could result in ignitex
main €, C. damage
premature shutdown,

to determine if a thermocouple
probe could be incorporated down-
Stream of valve.

/ :

be accessible. I exrernal ulirasonic
probes are proven, it could oe used as
there is no valve in the immediate vieinity
as on the preburners.
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MIBSION PHASE CODE:

FICURE IY-5
LEAKAGE DETIEC

Continued

MAIN ENGINE

ON ANALYSIS BUMMARY

FOLDOUT FRAME 2L

IT-+17 and II-18

A. FERRY
B. GROUND
C. FLIGHT
; DETECTION TESF METHODS
LEAKAGE TYPE OF LEAK EFFECT OF LEAK UN-Z0ARD DETECTION 1§ CONT. SHOP OR OTHER TEST IN CONJ, SHGP CR OTHER TEST WITH NO
SOURCE AND EGRESS POQINT N

WITH FUNCTIONAL CUTPUTS

WITH ON-EOARD EQUIP.

ON-BOARD EQUIP,

1.1.6.1 - LHZ
Tank Press, Check
" valve

Fuel Leak.

Check valve seaf. Exits
Nozzie, This valve is
redundant to vehicie check
valve.

(Leskage Statement assumes
Level 1 Redundancy is
already leaking)

A, Nens

B. Loss of pre-pressuriza-
tion gas on pad.

C. Booster: No hazard
unless a premaiare
engine shutdown oceurs,
then it would exit the
nozzle of dead engine
with possible fire
hazard up tc some
altitude,

Orbiter; T.oss of pre-
pressurization gas.

Pressure sensor between the two
check valves. Record data at pre-
Pressurization and post Fig.

The sensor also provides pressuriza-
tion system information.

Observe pressure sensor via
engine or vehicle data sysiem
with tank pressurized,

Tank pressurization with all other valves
shut off; helinm mass spec, fest at main
TCA (not considered a practical approach,
but is feasihle). .

By installation of several shuteff valves
-and pressurization ports, complate shop
checkout is possible, but is not
recommended.

1.1.6,2 - LOX
Tank Press. Check
Valve

Oxid. L.eak.

Check valve seat, exits
noszle. This valve is
redundant to vehicle check
valve.

{Leakage Statement assumds
Level 1 is already leaking)
A. None

B. Loss of pre-pressuriza-
tion gas on pad.

C. Loss of tank

nressurant gas IF
p1emature shutdown

Pressure sensor between the twao
valves would give pressurization
system data as well as data on
check valves.

Obgerve pressure sensor via
engine or vehicle data system
with tank pressurized.

Tank pressurization with all other valves
shut off; helium mass spec. test at main
TCA {not considered a practical approach,
but is feasibie).

By installation of several shutoff valves
and pressurization ports, complete shop
checkout iz possible, hut is not
recommended,

_Preburners Oxid,
Purge Solenoid Valve

Exits nozzle.

off redundancy excessive
use of GHE. If check valve
AND this valve leak,
possible over-pressure of
GHe or GN,, system occurs;
damage fo %i.ue(s), tank;
premature shutdown of
entire propulsion if
cominon purge system used
for all engines.

1.1.7.1-1.a, 2,2, -2.h.

with purge system gas.

occurs. Probably no
hazard.
1.1 7. 1-1.a GN2 or GHe. 1Loss of oxid. backflow shut- Pressure sensor at junotare of Pressure sensor in conjunction None.

(See 1. 1.6. 1 also)
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MISSION PHASE CODE:

FIGURE TI~-5 {Continued)

FOLDOUT FRAME o

EAKAGE DETECTION ANALYSIS SUMMARY

MAIN ENGINE

II-19 and IT-2D

A, FERRY
B, GROUND
C. FLIGHT
EARAGE TYPE OF LEAK DETECTION TEST METHOS .
) EFFECT OF LEAK ON-BOARD DETECTION 1N CONg: SHOP OF OTHER TEST IN CONJ, SHOP OR OTHER TES Ni
SQURCE AND pGRESs POINT WITH FUNCTIONAL QUTPUTS WITH ON-gOARD BQUIR. ON-BOARD EQllIP'.r WITH NG

LLT.1-1Lb
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 ieak,
possible over-pressure of
GHe or GN; system occurs;
damage to [ine(s), tank;
premature shutdawn of
entire propulsion ii
commoen purge system used
for all engines.

Pressure sensor at junciure of
1L 1.7,1-1. b and 2,¢ (check valve),

If eracking pressure of checik valve|
is high enough, use of the pressurel
=ensor in.conjunction with the
purge system gas could detect
leakage,

Nene.,
(See 1. 1.6.1 also)

L L%1-Le
Main TCA Oxid,
Purge Solenoid Valve

GHe/GN,
Exits nozzle.

Loss of oxid. backflow shuid
off redundancy excessive
use of GHe. If check valve
AND this valve leak,
possible over-pressure of
GHe or GNgz system occurs;
damage to line{s), fank;
premafure shutdown of
entire propulsion if
COMIMOn purge system used
for &1l engines.

Pressure sensor at juncture of
solenold valve and check valve
(1. 1.7, 2-2.4

If cracking pressure of check valve
is high enough, use of the pressure|
Sensor in conjunction with the

. purge system gas could detect
Teakage.

None.
(S2e 1. L B, 1 also)

Helium sniff test with purge

L1.7.1-1.4 GHe Excessive use of GHe is Hone Hane
HPOTPA Seal Cavity Exits overboard lines from | possible. system pressurized,
Purge Solencid Valve HPQTDA, .
LL7%. 11,8 GHe/GNz. A, None None None Periodie check with gas decay test and/
Engine System Exits noznle. B, Possible excessive use : or external ultrasonic probe,
Purge Solenocid Valve of purge gas.

C. None

L L7.1-2.a
Oxid. Preburner
Oxid. Infet Purgs
Check Valve

GHe/GNg

" Exits nozzle,

Bee 1.1.7.1-1.a

Also may result in minor
mixture ratio control
problem.

See L.1L.T.1-1.a

See 1.1.7.3-1,a

Bee 1, 1.7.1-1,a

1.1, 7.1-2.b

* Fuel Preburner
Oxid, Inlet Purge
Check Valve

Gie/GN2
Exiis nozzle.

See 1.1.7.1-1.a
‘Also may reault in minor

mixture ratio control

. Bee 1,1,%.1-1.2

See 1,1.7.1-1,a

See 1, 1.7.1-1,a
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MISSION PHASE CODE:

A, FERRY
B, GROUND
C. FLIGHT

FIGURE 21-5 (Continued)

LEAKAGE DETEC:I‘ION ANATLYSIES SUMMARY

MAIN ENGINE

FOLDOUT FRAME 2

TI-21 and 1T-22

LEAKAGE
SQURCE

TYPE OF LEAK
AND EGRESS POINT

EFFECT OF LEAK

DETECTION TEST METH ODS

ON=BOARD DETECTION TN CONI;
WITH FUNCTICNAL QUTPUTS

SHOF OR OTHER TEST IN CONJ.
WITH ON-~BOARD EQUIP,

ON-BOARD EQUIP,

LL7.1-2.¢
Main TCA Fuel Iniet
Purge Check Valve

GHa.
Exits nozzle.

Same a2z 1.1,7. 1-1.b

Same as [ 19,11, b

Same as 1. 1.7. 1-1.b

Same as 1. 1.7.1-L.b

L.1.7,1-2.d
Main TCA Cwid.
Inlet Purge Checxk
Valve

GHe.
Exiis nozzle

Loss of oxid. backflow saut—
off redundancy. Excessive
use of GHe. I solencid
valve and this valve leak,
possible over-pressure of
GHe or GN2 system ocours;
damage to line(s), tank may
occur, with premature shut-
down of entire propuision
system if cormnmon purge
system used for all engines.

FPressure sensor al juncture of checy
valve and solenoid valve.
LT 1-1.e

Same as 1,1.7.1-Le

Same as LL7.1~lL¢

Coolant Valve
{Orbiter Only)

C. Fire Hazard up to somse
altitude.

Loa 7 1-2. 1 Mo leak ¥ GHe system None Funetion in forward direction is —— ——
Fuel Suction Linre pressure. is up. most sipnificant. Can be
Purge Check Valve accomplished wita existing suction
. pressure meas, X

1Li.7.1-2. g No lezk if GHe system Nong Function in forward directien is |  -we-e 1
Omxid, Suction Line pressure is up, most gignificant. Can be .
Purge Check Valve - accomplished with existing suction . ;

pressure meas. , '

i

LL&1 Fuel. A. None 1, Temp. probe downstream ol None Helium lealk test using external
Extendible Nozzle Exits nozzle, B. Tire Hazard. valve. : ' ultrasonic probe {(contact),

SHCP OR QTHER TEST WITH NO
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FOLoour FRAME |

MISSION PEASE CODE;

FIGURE Ii-3 (Continued)

FOLDOUT FRAME 2

SEAKAGE DETECTION ANALYSIS SUMMARY

MAIN ENGINE

II-23 and II-24

A. FERRY
B. GROUND
C. FLIGHT
LEAKAGE TYPE OF LEAK
SOURCE AND EGRESS POINT

EFFECT OF LEAK

DETECTION TEST METHODS -

ON-BOARD DETECTION IN CUNT.
WITH FUNCTIONAL OUTPUTS

SHOP UOR OTHER TEST IR CORT;
WITH ON-BOARD EQUIP,

SHOP OF OTEER TEST WITH NO
ON-BOARD EQUIP.

A1l Unshrouded joints
ino carry-off ducts).

These will by
definition be
1074 seo/sec or
better, normally

Fuel, Joint seals to engine

A. HNone
B. Fire hazard,

On-board GIly sensors in engine areal:

Leait test with portable ultrasonic

engine comp, area.

B, 0. None (Neglecting gros

enclosed, an Op concentration

" comp. ared, ; Then shop tests ta localize source. detector to locate leaks. Then helium
C. Fire hazard up to some . mass spectrometer for lezkage rate.
altitude,
(xidizer. Joint seala to A. None None. If engine compartmentis = | ———— Periodic checles with an ultrasonicrprnbe

with system pressurized with GNg s

leakape due to seal analyzer is recommended. recommended. (Microphone type probs)
failure), :
All shrouded joints Fuel, Joint seals, to point |A. None GHy sensor on duct near point of ———

with carry-off duecta
and inerting gas.

of over-hoard dump.

B. Fire hazard if above
inerting capability.
C. Fire hazard up to some

egress, If excessive concentration-
appears, shop test would be required
to isolate joint,

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

altitude,
Oxidizer, Joint seals, to A, None Nope Periodic checks with ultrasonic probe
point of over-board dump, |B., C, None (Neglecting ’

gross leakage due to
seal failure)

with system pressurized with GN2.




FoLDOUT FRAME {

MISSION PHASE CODE:

A. FERRY
B. GROUND
C. FLIGHT

FIGURE 1T~5 {Continued)

LEAKAGE DETECTION ANALYSIS SUMMARY

ACPS

FOLDOUT FrAME 7.

TI-25 and 1I-26

DETECTION TEST METHOS

LEAKAGE TYPE OF LEAK EFFECT OF LEAK ON-30ARD DETECTION IN CONJ. | SHOP OR OTHER TEST IN CONg SHOP OR QTHER TEST WITH NO
SOURCE AND EGRESES POINT WIT:H FUNCTIONAL OUTPUTS WITH ON-BOARD £QUIP, : ON-BCARD EQUIP,
Fauel. A. None- 1 GH,, gensor in RCS compart- Helium (or other gas) pressuriza- Helium leak test, with helium mass
514 Seat Seal T.eak. B, Fire Hazard ment. tion in conjunction with ultrasonia specirometer,

Bi~-Propellant Control
Vaive

BExits Nozzle.

C. Fire Hazard to some
Altitude,

2. Ultrasonie contact probe on
each thruster

contact probe. .

Oxid,
Seat Seal Leak,
Exits Nozzle.

A. None

B. None, unless gross leak
occurs, and fuel leak
also gceurs.

C. HNone - Some possibility
of & "hard start”

, thruster.

L. Ultrasonic contact probe on each

Hetium (or other gas) pressuriza-
tion in conjunction with uttrasoaic
contact probe.

Helfum lesk test, with helivm mass
spectrometer,

Fuel,
Seat Seal Leaks.

A. None
B. Possible Fire Hazard.

Same as 2. L 4 (Fuel)

Helium (or other gas) pressuriza-
tion in conjunciion with altrasanic

Helium leak test, with helium mass
spectrometer.

2. L2 - Exits Nozzle, C. Possible fire hazard up contact probe.
Igniter Valves to some altitude,
Oxid, A, None Bame as 2. 1, 4 (Oxid) Helium (or other gas) pressuriza- Helinm leak test, with helium mass
Seat Seal Leaks, B. None tion in conjunction with ultragonic spectrometer,
Exits Nozzle, C. None contact probe.
Above excludes gross
failure,
2. 1.3 - Fuel, Oxid. A,, B., C. - None 1. Pressure iransducers in each Helium (or other gas) pressuriza- Heliam leak test, with helium mass
Isolation No Egress, unless one of without failure (leakage) of cireuit at junciure of this valve tion in conjunction with ultrasonic spectrometer, Open control valve to
Valve above valves leaks 2, L,20r 2 1,4, and 2. 1. 4,0dbserve witn pressure contact probe. Open control permit flow,

upstream,

2. Test in conjunction with
2.1L.2, 2. 12 (recommended approact

valve to permit flow,
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4, Consequences of Leakage

.

The first consideration in specifying the total allowable leakage of a
system is that the system must not leak sufficient commodities to cause system
failure during its mission duration. The orbiter stage has a mission duration
considexably 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 feollowing 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 loss of a component, assembly or subsystem from leakage
either directly or indirectly. The direct effect of leakage from & 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 examination 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 maiox cause of a com-
ponent failure.

The third consideration in specifying the allowable leakage is the

hazard presented to both ground persomnel and the flight crew resulting from
Hy/0y or Hzlair mixtures.

The internal orbiter structural arrangement will consist of conventional
skin/stringer/frame aircraft construction as shown in Figure II-6., The
propulsion tankage and equipment will be enclosed in bulkhead sections 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 1f both constituents are present in a concentration level above 4%,
an ignition-source of 5 millijoules or greater is present, and the pressure
is above 0.15 psia. -
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5. Mission Phase COritical Leakage Testine

The leak testing and associated safety operations necessary for the
orbiter propulsion systems has been divided into four ma jor phases., These
phases are as follows: .

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

Post~flight safing

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

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

a. Fagtory Acceptance Leak Testing - These leak checks are comprehensive
survay and build-up type of testing to detect leaks in all potential
problem areas. Design deficiencies, manufacturing problems and equipment
malfunctions will be detected and corrected at this time. Components
will first be tested, then built 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 cmploy
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 1s 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-
sion system in a separate operation. All purge systems are off at this
time. The hydrocgen side of the main propulsion system boost LHy 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 II-6)
will be monitored by the on-board mass spectrometer and ultrasonic detect-
ors through the OCMS., The on-orbit LH, tamkage 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 bv the
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on~board systems. During these sequential tests and before the valves

at the tank outlets are activated, all instrumentation downstream of these
compartments are monitored for any pressure build-ups, Following this
series of tests the valving is 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 systems are left in an active state to .
monitor leakage until the next major cycle.

Prior to hazardous servicing operatioms at T-17 hours the system
compartment purge GSE Is connected to the vehicle and purging with dry
Ny is begun. Loading of the APS-GHy and GOp is the next operation to be
performed. During such loading the compartments contailning these tanks
are monitored for the presence of leakage of GHy or GO, at 1500 psia.

During LH, and L0, 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~bosrd mass spectrometers
are monitored om a continuous basis. 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 minutes., If tanking has begun, and the He purge system fails,
the compartments would probably contain 99.9% He. Oy would begin enter-
ing the interstage through the exhaust ports and leakage areas from the
outgide atmosphere. Also, leakage from the propulsion system components
would begin to build up within the volume.

¢c. In~Flight Monitoring, Detection, and Safing - The in-flight leak
monltoring system must provide for detection from fire~switch #1 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 to seven
days 1n duration.

As the mated stages leave the ground, mixing through the leakage
areas is increased 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 H, leakage into a compartment with decreasing pressure would cause
an increasing percentage of H,.

The ambient pressure drops below 0.15 psia (the combustion limit
for hydrogen/oxygen mixtures) before separation of the booster and orbiter
stages and at approximately 120 seconds from liftoff. The compartment
pressures will reach thils 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 unload amy propellants in the tankage and puxge

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

be connected for a series of compartment purges with dry GHNs.

7. Flight System Hardware Approach

a. Mass Spectrometers - Two mass spectrometers are used redundantly

and are both lccated 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 IL-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 redundant 1y,
a get of valves will be activated to switch the orifice size for atmos-
phere or in-space operatiomn.

At the end of each branch line is a solemoid 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 samples past the sampling port of the mass spectro
meter, This is necessary for the atmospheric operation; for vacuum oper=
atfion, the sampling line will be evacuated to space by utilizing valving.

The mass spectrometers would be an instrument such as the Perkin-
Elmer unit utilized on the Metabolic Activity Experiment for the Skylab
Program, and would occupy approximately 500 cubic inches and which Wweighs
26 lbs., per instrument. The Perkin-Elmer unit is qualified for a Saturn
1-B launch environment and operating life of 30 days (720 hours). It
utilizes 28 Volts - D.C. and provides a 0-5 Volt output. It contains
a six detector unit which would be set~up for €Oy, Os, N » and
He,. This instrument would have to be calibrated after each %11gﬁt with
a calibration sample taken from a gas bottle.

The one limitation anticipated with the mass spectrometer system
ig 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 imtroduced
into the mass spectrometer from 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 10 seconds.
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b. Ultrasonic System - The om-board ultrasonic leak detection system
would consist of contact sensors 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
gound energy generated in a fluid vortices which can accompany leakage.
The frequency of the leakage necise 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 Kilchertz. A sensitivity of approximately
1073 std cm3/sec. is anticipated, with the sensors bonded directly to
the component to be monictored for leakage, or directly to the ducting
near the component.

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

@ Main propulsion - 44 sensors
& APS - 64 sensors .
¢ 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-
brations may be necessary for unlike components. Also, it would be
lmportant to determine the characteristic noise signal for each component
without leskage under nominal operating conditions. The interference
noize 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 will be monitored by a selector
switch controlled and monitored by the on-board computer.

Prior to implementation of the onboard ultrasonic leak detection
system, a2 technology program would be required to characterize the per-
formance of the system with cryogenic hardware with high background
acoustic levels, ,
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A, Measurement Requirements and Analysis

Preliminary measurement requirements were derived from the
Checkout and Monitoring Requirements Analysis of each subsystem
and from the FMEA's of each LRU and related components. Short-
form preliminary measurement lists were then prepared in draft
form,

To obtain visibility of measurements with respect to their
purpose, adequacy for fault detection and isolation, possible
unnecessary redundancy, and desirable additional redundancy, a
matrix amnalysis technique was developed, The working document
for this analysis was titled "Measurement Selection Matrix", its
primary purpose being the selection of measurements to optimize
the checkout and monitoring function. TFigure III-1 presents one
such matrix,

The matrix shows all pertinent measurement indications within
a subsystem that might be expected in event of a single 'failure
occurring in that subsystem, It also shows other usages of the
measurements that were identified in the Checkout and Monitoring
Requirements Analysis or in the LRU Maintenance Procedures.
Failure criticality was included to serve as am additional piece
of information in determining the need for a measurement. Fault
indications were placed in the matrix cells by analysis of the
subsystem schematic, tracing out the measurement responses to
each potential failure mode,

The first step in using the matrix is a column-by-column
examination to determine if a positive indication of each failure
exists, In the example of Figure III-1, failure of either of the
LHy check valves to close gives no positive indication of the
failure. However, by a procedure described in the Checkout and
Monitoring Requirements Analysis for this subsystem, Pump
Discharge Pressure is used to detect this failure mode. This is
noted by the checkmark under Procedural Fault Isolation in the
matrix (cross referenced to this failure mode by the symbol a ).

The next examination of the matrix is again on a column-by-
column basis to determine i1f unique sets of indications are
present such that any failure can be isclated to a particular
LRU by logical deduction. WNote that although low speed of the
turbine gives the same indications as low speed of the pump,
this set of indications is still unique to the LRU (the turbo-
pump assembly). If the same set of indications were present for
a failure mode of another LRU, either a special procedure or
additional measurements would have to be added to enable isolation

III-1
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The next step is using the matrix is a line-by-line examinm
ation to determine if any measurements can be removed without
affecting the uniqueness of the sets of indications for fault
isolation. In the example, four measurements fall in this
category. Thes2 are Gas Generator Chamber Pregsure, Turbine
Speed, Pump Speed, and Pump Suction Pressure, These are then
considered candidates for deletion from the measurement list,

Of these, Gas Generator Chamber Pressure and Turbine Speed are

noted as required for control and Turbine Speed is additionally
noted as required for compiling operating time records on the
Turbopump Assembly, This leaves Pump Speed and Pump Suction
Predsure zs redundant measurements, subject to deletion from the .
measurement list if no other reasons for their retention can be
discovered and defined, Also, the need for both Turbine Speed

and Gas Generator Chamber Pressure for control should be questioned
to determine if both are truly necessary,

If Pump Speed is deleted as =z measurement requirement, only
Pump Discharge Pressure is left to indicate the no-rotation
failure mode of the pump. If this were a higher criticality
" failure mode than the "3" noted, it would be desirable to retain
Pump Speed as a backup measurement, In the case of the two
higher category failure modes included in this example (Gas
Generator External Leakage and Gas Gemnerator Blocked Passage)
adequately redundant indications (3) are available even when
Pump Speed is deleted.

In summary, the matrix analysis technique is a recommended
approach for finalizing measurement selactions, It was used in
this study for the less-complex subsystems; however, because the
approach was totally manual the matrix methods full benefit could
not be realized through applicatien at a system level, If
programmed for computer usage as a design aid, it will represent
a powerful tool for measurement requirements analyses, ’

As measurement requirements were analyzed, they were tabulated
in a suitable format, This format was designed to be used in
conjunction with the OCMS Checkout and Monitoring Requirements
Analysis (Volume IV, Appendix D) and the sensor criteria and
requirements (Tables A-3 and A-4 of Appendix A), Together, these
define the measurements and their usage to the extent that all

necessary data is compiled for determining the following:
1. Availability of suitable sensors

2, Sensor development and technology requirements
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3. OCMS hardware functional requirements and distribution
4, Data Bus traffic

The measurement requlrements tabulations are presemted in

‘Table A-1_of Appendix A. A discussion of the column headings
, and codes used in the measurement requirements rabulation is in-

cluded in the same appendix, as is a tabulation of measurement
identity codes (Teble A-2). Measurement locations for the booster
are shown on the schematies’ of Figures ITI-2 through III-5. " In
cases where subsystems or subsystem sections are redundant, only
a typlcal case has beén presented, This has been done to enhance
the clarity of the. schematics by keeping the congestion to a

'mlnxmumo

Table III-1 presents a summary of the measurement require-
ments by measurement types. The total numbers of measurements
for the booster ‘and orbiter propulsion systems are 3,130 and
1,348 respectively. ‘Results of efforts to reduce the quantity
of measurements indicate that the current criteria on degree of
redundancy verification, fault detection and isolation, trend
detection, and performance monitoring prohibit any further sig-
nificant reductlonn Therefore, it is concluded that the present
estimates of measurement quantities are reasonable for the
assuied baseliné configuration., A relaxation in any of the above
criteria would, however, allow a significant reduction in the -
number of measurements, It should be emphasized that when the
final shuttle propulsion systems are designed, where checkout
.and monitoring will be prime factors for the designer's consid-
eration at all levels of design, a significant reduction in the
required quantity of measurements is. likely to result.
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TABLE ITI-1

MEASUREMENT SUMMARY

BOOSTER ORBITER

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

ENG ENG | DET'N |OTHER | TOTAL | ENG | ENG | DET'N | OTHER | TOTAL
PRESSURE 434 63 182 679 62 | 27 121 210
TEMPERATURE 168 63 52 | 110 | 373 2 | 27 6 53 110
DISCR. POSIT'N 266 21 64 | 374 725 52 | 9 12 | 263 336
ANALOG. POSIT'N | 140 140 22 22
QUAN. GAGING 14 7 33 54 2| 3 2 29
FLOW RATE 56 7 2 65 8| 3 11
FLAME DET'N 42 14 56 6| 6 12
VIBRATION 56 28 252 15 351 g | 12 126 18 164
CURRENT 42 14 47 103 ‘ 6 6 43 55
SPEED 56 21 18 95 8| 9 15 32
VOLTAGE 49 408 457 21 298 319
GAS ANAL, 32 32. 48 48
TOTALS 1,274 287 380 | 1,189 | 3,130 198 | 123 192 | 835 | 1,348

* Does not include redundanecy

QI~11L
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B. Sensor Idepntification

In order to match suitable sensing techmiques to the
identified measurement requirements, a sensor investigation was
conducted. This investigation consisted of a vendor survey;

a literature search and review of selected papers, articles, and
reports; attendance at oral presentations by NASA contractors
engaged in related study programs; telephone and personal
contacts with vendors and study contractors; and in-house
coordination with Martin Marietta groups engaged on Space Shuttle

" Phase B Study tasks. In addition, a detailed study of approaches

to leakage detection and monitoring was completed (reported in
chapter II of this volume), and a trade-off study was conducted
to determine the merits of utilizing digital output transducers
as opposed to analog output transducers. Documents reviewed
included the interim and final reports of recent and current
NASA~contracted studies with objectives related to sensor
technology .for the Space Shuttle. These studies were:

Contract NAS10-7251 - Propellanits and Gases Handling in
Support of Space Shuttle, Martin Marietta Corp.

Countract NAS10-7291 - Study to Develop Improved
Methods to Detect Leakage in Fluid Systems, J. L. Pearce
and Associates, Inc.

Contract NAS8-24526 - Gaseous Hydrogen Detection
System, General Electric Corp.

Contract NAS10-7145 - Studv of Techniques for
Automatic Self Contained Readiness Assessment and
Fault Isolation for Gfound and On-board Mechanical
Systems, General Electric Corp.

Contract NAS8-21488 - Evaluation and Demonstration of
a Propellant Quantity Gaging System for Auxilliary
Propulsion Systems, Marquardt Corp.

Findings from this investigation and the application of
these findings to the propulsion OCMS measurement requirements
are discussed in the following paragraphs.



1, Vendor Survey

A survey letter requesting information on advanced and
current sensors, applicable to the Space Shuttle Propulsion
System, was sent to the suppliers listed in Table IIT-2, _
Forty-three out of the ninety~three vendors contacted responded
with information of technical value, covering the entire range
of information expected with a minimum of 2 vendor responses
per type of sensor, Information derived from this vendor
survey was used to establish a curremt technology base from
which identification of the semsors required to implement: the
parameters on the OCMS Measurement List could be initiated,

Data obtained from the vendor survey confirms that most of
the baseline propulsion system measurement requirements can be
satisfied by proved and widely used sensing and conditioning
techniques., TIn general, considerable progress has been made in
recent years in miniaturization, compensation techniques, and
design for stability and reliability of sensors. Integrated
circuit and £ilm deposition techniques, showing up in the
present generation of tramsducers, have allegedly resolved many
of the envirommental, accuracy, and calibration stability
limitations previously associated with comventional sensing and
conditioning .techniques, For example, sensors employing the
strair gage principle of transduction are now making use of thin
film deposition techniques, eliminating strain gage bonding
agents and thus greatly improving the long term stability and the
reliability of the transducer, Ofie such transducer, a pressure
transducer manufactured by Statham Instruments, uses a thin
ceramic film deposited onto the pressure diaphragm as an
insulator upon which four strain gages are vacuum~deposited and
connected into a bridge circuit,

Although sensing techniques for most of the measurement
requirements identified in this study are available and are
being used in production sensors, these sensors are likely to
require modifications to provide compatible mounting configura-
tions and/or characteristics to mateh the specific application,
It would be mandatory to standardize on as few mounting designs
and characteristics as possible, to be cost effective,

2, Digital-Output vs, Analog Qutput Sensors

It is generally acknowledged that in a system employing
digital techniques for evaluation and transmission of data, it
is desirable to convert signals to digital form as close to the

TII~17
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TABLE ITT~2 Sensor Vendor Swxvey L1119 and ITI-20
TYPE OF SENSOR TECINOLOGY INFORMATION EXPECTED, X, AND/GR RECEIVED, (X)
VENDOR i EVENTy |POSITION, |QUAN . 4{ VIB., ROTA , FCORCE, FREQ., | CURR,PWR,[IL.R.,{GAS LK,
FRES, |TEMP. | FLOW| "oy %y rprrope” |LEver | suock |AC0US: fspzpp | ACCELIVEIOCTIY | ooprry [MASS {oneer® “porr  fu.v.’ {pETEcy REMARKS

1. Rosemount Engineering,

Minneapolis X X X Alx Data
2. Bell & Howell, Instr, Dilv,

Pagadena ® Digital
3. Kistler Instr,, Sundstrand

Clarence, H.Y. & [63] () €3] 3] X
4. Gulton fpd., C.&L.

Costa Mesa, Ca. @ x ® X ® @ @ X X
5, Statham Instz, !

L.A. ® ® & sol1d State,Thia Filw
6. Bogemount Engineering, Rep,

St. 4nne, Mo, X X X
7. Flsher & Porter Co.

Warminster, Pa, @
8. Conrac Corp., Avion, Gp. X X X X X X X X X X

EL Monte, Ca,
9. Endevco Corp,

Pasadena : X X X X X
10, Whittaker, Instr, Div,

K. Hellywood, Ca. X X X X X X X X X
11_ Honeywell, Inc,, Home Qff,

Minzeapolils @ X @ X ® @ ® Special Meas Devices
12, ¥aman Noelear

Colo, Springs ® X ® ® @ X Var RP Imped,
13, Transoncis, Inc, ® @

Lexington, Mass, X
14, Beckmaa Instr, @

Fellerton, Ca. ® Special Meas, Devicea
15, Bendix Corp, Nav, & C. Div,

Teterboro, W,J. (WILL HOT RESHOND) x Optical
16, Hycal Engineering

Sante Fe Springs, Ca. @ Speclalty Temp Pevice
17, Systron~Donner Corp, )

Concord, Ca, X X
18, Conductron Corp. .

st, Cherles, Mo @ o £ Eé})aeuéirglitﬁﬁe_ct.
19, Bell Aerosystems Co,

Buffalo * X X
20. United Contreols, XDCR, Div, @ @ @

Redmond, Wash. Thezmal 5w,
21. Borg Warner Contr. @ ® @ @ @

Sauta Ana, Ca. (WILL HOT RESJOND} . X X
22. Clevite Go¥p,, G.&C, Div,

EL Monte, Ca, X X
23, Bourns Inc,, Instr, Ty,

Riverside, Ca. X X X Potentiometer
24, Homphrey, Enc, -

San Diego X @ X ® "
25, Standard Controls

Seattle @ X
26, BLE Electronics

Waltham, Maass, X X
27. K West -

Westminlster, Ca, X ® X X X Pur Sup, Sig Cond
28, Falrchild Coatrols Div., F,.C.&T,

Mountaiaview, Calif, @ X Fotentiometer,Gyro
29, Electroe Sonir Contr,

Manteca, Ca. X X ® @ X X Counter
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37. Pivan Engineering Co.

X
®

Chicago ' X X X X
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TABLE IIT-2 Senger Vendor Survey (Cont,) TII-21 and IT1-22
’ TYPE OF SENSOR TECHNDLOGY INFORMATYON EXPECTED, X, AND/OR RECETVED, (X)
VENDOR EVENT, FOSITION o | QUAN.| VIB., RUTA . FORCE, FRE{ .y | CURR,TWRy T.R,y{GAS LK,
. FAES. (TEMP. | FLOW | “gy " Arrrevoe * [LEvEL | suock |AC0USe | gppgp |ACCEL.| VELOOITY | orp iy [ M8SS b oo® | vorr  |u v’ | pezer REMARKS
10, G,E., Salsa Dprn, Current Optleal,
Wilmington, Mass, X @ ® x @ @ ® ® @ X Special Devices
31, Feawal Elec, ¢
Frawingham, Mass, @
32, Conex Corp.
Buffalo &3] (€3] X
33, Foxbore Co, -
Foxbero, Mass, . X X x X @
34, Hewlett-Packard .
Pelo Alte, Ca, X X X X X Special Devices
35, Instr, Tech, GCorp, '
Dzallas X X X X
36. Keviico Elez, . :
Chataworth ® X @ LVDT
X

38, Solid State Flee, Corp.
Sepulveda, Ca,

39, Avco Corp.
N.Y., X X X X Special Devices
40, Kollsman Instr, Cozp,.
Syosset, N.Y, X X X X X X X X
41, Precleion Sensors, Iac,
Trumbull, Gonn, - X X (WILI] HOT RESPOND) &

%2, Bun Elec,, Aetosp, Div.
Chicago X X X R X X X X Special Devices
43, Bailey Meter Co.
Wickliffa, Ohio X X X
44, Bendix Corp., Envir, Sci, Divy,
Baltimore X X X X X X Special Dewices
45, Biztek Ca,
Toluca Lake, Ca, X X X X X
46, Canadian Research Yastit, ’ .
Ontaris, Can. X . Optical, Humidity
47. Coffing Ind,
Corpue Christi, Texas . X X X - X
48, Dynaselences Corp,,Subsid of Whittgker

Chataworth, Calif, ® @ ® ® ® ® ® ,
X

Special Indicators

49, CBS Yabs

Stamford, Cormn, X
50, Collectron Corp.

NY. (WILL NOT BESPOND) Cx X X X '
51, T,A, Fdison Ind., Instr, Div.

W. Orange, N,J. Special Devices
52, Resves Instr, Div,, D.C. of A, (WILEL FOT RESPOND)

Gapden City, N.¥. X
53. Columbia Res., Labse,, Inc.

Woodiyn, Pa, X X X X X X X X . Lin, Var, Dist, XDCR
54, Gen, Prec, 8ys., inc. Aerosp. Gp., Singel NLVDT)

Little Falls, N, J. X X @ ® X X Optical
55, Spartom 5,.W,, Imc, ® @

Albuquerque Constant Current
56, Tennline @ @ Source

Gardena, Calif,, ® Specialty Temp,
57. Delavan Mfg,. Co, Nlevices

W. Des Moines, Io, ®
58. Thermetrics Div,, Exotic Mtls, X Speclalty ‘“emp.

fosta Mesa, Ca. Devices
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VENDOR

TYFE OF SENGOR TECHNOTOGY TWFORMATION EXPECTED, %

AND/OR RECEIVED,

FRES,

TEMP,

EVENT, |POSLTION,

ATTLTUDE

QUAN, 4
LEVEL

vIB.,
SROCK.

ACOUS.

ROTA
SPEED

ACCEL

VELOCITY

FORCE,
STRATN

MASS.

PHASE

FREQ, ,

CURR, FWR,
VOLT

R4 |GAS K,
v

- "|pETECT REMARES

59, Bopue Electric
Patiexrson, N.J.

60, Thermal Systems
Los Anpelgs, Callf.

61, Gonsel, Gontr, Corp,, Condec Corp.
Bethel, Conn,

(WILL RO'F RESHOND) X

@

‘X

Actustors

62, Ampex Corp, Instr, Diwv,
Redwood City, Ca.

63, Sperry Gyroscope Div,, Sp. Rand
Great Weck, N.Y.

64. Lewis Engineering Co.
Wangatuck, Conn,

65, Singer Co., Metrics Div,
Bridgeport, Conn,

66, M.B., Elec, Div.,
Hew Ilaven, Conn,

67, B&K Instr,, Inc.
Cleveland, Ohio

Textron

®

(WILL MOT RESEH

oD

o8, Ametek, Inc., I&C
Sellersville, Pa.

69. Acouatlea Assoclates
L.A.

70, Airesearch Mfg, Co,, Garrett
Torrance, Ga,

X

Alr Data

71, A.C, Elec,, Dirv, of G.,M. Corp.
Dak Creek, Wis,

72, Genisce Techn, Corp,
Compton, Ca,

73. Adel Div,, Delaval Turbine
Burbank, Ca.

G = =

74, Atlantic Res. Corp.
Costa Mesa, Ca,

75. Autronice Corp.
Pasadena, (a,

76. Transducere, Inc,
Sante Fe Springs, Ca.

o &)

Solid State

77. Eastech, Inc,
Plainfield, ¥.J,

78, Hoke, Inc,
Cresskill, N.J.

79. Clevite Gowp., Brush Instr, Div,
Gleveland, Qhio

{WILL WOT RE§

POI;{D)

X Gas Analysis

80. ByEkrex, Inc,
Walihem, Mess.

81, RDF Corp,
Hudgon, W. H.

82, Honeywell, Inc., End, Div,
Fort Wash., Fa.

®

®

(WILL MOT RESH
X

X

0§D, JEE NG.
X

11)

Specialty

53. Honeywell, Inc., Microsw, Div,
Freeport, I11_

84, Honeywell, Inc,, Test Instr, Div,
Denver

35, Beckman Instr,,Inc.
Cedar Grove, H.J.

(WiLL HOT RESKOMD, SEE NG.
X

(WILL [NOT RES

1)

POND, JSEE N0

X Gas Anal,

Exhzust gas temp,

Speclal Meas. Instr,

Speclal Devices

Temp, Devilces

Speclalty Test Instr.
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TABEE TIT-2 Sensor Vendor Suryey (Cont.)

FOLDOUT FRAME .
' III-25 and ITI-26

TYPE OF SENSOR TECHNOLOGY INFORMATION IXPECTED, X, AND/OR RECEIvED, (¥)

RVENT, |BOSITION, |QUAN, |VIB, ROTA, FORCE FREQ.,| CURR,FWR, |L.R,, {GAS EK.
VENDOR FRES. | TEMP. | FLOW|" o " lATTITUDE Emi sHock [ACOUS. Psepip JACCEL |[VELOGITY | op rt |55 |bmage’| vout  |o.v, |pETECT REMARES
86, Victory Engg. Corp, '
Springfield, ¥, J. ' ®
87, Bendix, Montroze Div,
80, Montrose, Fa, ® @ ® @ ®
88, Metrophyslcs, Inc, Photemetric Instrum.,
Santa- Barbara, Calif, @1 Digital
89, Hfamlilton, STP (Univ. Air) (WILT HOT RESEOND)
Farmington, Conm, H X X X X X X
90, Crescent Epgineering
Eong Beach, Calif, X LVDT
91. Simmons Precision Prod, Inc, Torgue Torque,Motors,Activat
Vergennes, Vermant ® (2?) ® é{) Panel Indicators
92 Dynamatec GCorp, Cocoz Beach, il
¥lorida (J.L. Pearce & Assoc,, Inc,) ®, KSC Study
93, Boeing, Co., Research-Kent Acous, emigsion mMiz,
Seattle, Washington @ Datects Strain/Rigid
| Materials
5
Total ALl Types _ |
Total Type Sources Expected a0 44 16 25 30 25 22 7 16 21 8 25 7 [ 4 8 5 317
Total Type Scurces Recelved 19 15 7 10 B 5 8 - 5 9 3 7 2 3 3 2 2 112

TS



source of the signal as possible. For this reason, a digital
output pressure transducer developed under contract to MNASA/MSFC
by Metrophysics Inc, is of particular interest, This device
employs a built-in analog-to-digital comverter to provide a
10-bit serial digital output word upon command, at up to 500
times per second. A common pulsed reference is provided to both
a strain gage bridge and the converter to make the output
insensitive to variations in excitation voltage. The concept
can be adapted to any bridge network that can be pulsed,

Upon an extensiom to their original contract, Metrophysics
intends to incorporate addressing, bus isolation, and limit
comparison capability into the digital output transducer. This
would provide interface compatibility with a data bus, allowing
sensors to attach directly to the vehicle data bus.

A trade-off study was made, comparing three methods of
using this digital output transducer against the use of analog
output transducers. The three methods of using the digital
output transducer are shown in Figure TIITI-6, In Method. "A",
the transducers interface directly with the vehicle data bus.
Method "B" interfaces the transducers to a sub or auxiliary
data bus under control of a Digital Interface Unit (DIU).

" Method "C" interfaces the transducer directly to the DIU., In
Method "C" the transducers contain no addressing capability,
but are commanded to output their serial digital words by
individual command lines from the DIU.

Method A has some limitations, First, the planned -
addressing capability for the transducer will allow only 30
transducers to be atvached to the data bus. Secondly, to attach
a transducer to three or more active data busses would require
the addition of voting logic to the address recognition capa-
bility of the transducer., Thirdly, block data transmission, to
reduce addressing traffic on the data bus, is nol available.

In Method "B'" these limitations are resolved by the character-
istics of the sub data bus. Thirty transducers attached to
such a bus, controlled by a single DIU, is reasonable. More
than one sub bus could be contrclled by ome DIU if necessary to
allocate more than 30 transducers to that DIU, If these busses
are required to be redundant, they can be operated such that
only one bus is active at a time, eliminating the requirement
for voting logic. Blocking of data for transmission on the
vehicle data bus would be accomplished in the DIU by adding a
sequencing capability (discussed in Chapter IV, Section A.2).

AY
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Figure III-6 Methods for Interfacing Digital~Output.
Transducers




- Method "C" has none of the limitations of Method "A" and
requires no addressing capability in the transducer. In addition,
it requires no sequencing capability in the DIU for block data
transmission., By proper design, either method could probably be
made as reliable as the other, ’

Hardware procurement cost per measurement channel was used
as a basis for quantitative comparison of the three methods with
each other and with analog-output tramsducers serviced by a DIU.
Lt was assumed that costs in addition to hardware procurement
(installation, software, system integration, etc) would be the
same for either method, The following estimates of hardware
element procurement costs were made:

a, Average cost of basic analog output transducef $350
Cost per transducer to provide built-in A/D 850
conversion

c. Cost per transducer to provide addressing and bus 250

isolation

d. Cost of.basic DIU (packaging, bus interface, 3750
self test)

e. Cost of A/D converter in DIU 850
Cost of sub data bus 1500

&+ Cost of DIU analog input switching (per 120
transducer)

h. Cost of DIU discrete output to command 60

transducer output (per transducer)

i. Cost of analog cabling to DIU (per transducer) 20

Costs per measurement channel were then computed as folilows:

Method "A" cost per chamnel= a+b+c = $1450

d'ke $5250
Method "B" cost per channel=i+b+ e+ 1 = $1450 + n

were n = nunber  f channels

d $3750
Method "C" cost per channel= a+b+ [+h = $1260 + ——F——

d+ e

Analog-output transducer cost per channel=a+ + g+
$460

= $490 +

ITI=29
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These costs are plotted against number of chanmnels in
Figure III-7, These curves indicate that the use of analog-
output transducers will provide a lower-cost system, saving on
the order of $600 per measurement channel over any of the
investigated digitalw-output transducer methods, There may,
however, be individual specific cases where the digital-output
transducer will be a logical choice, based on distance of the
transducer from the DIU ox simplification of engine.controller
interfaces, Where digital-output transducers are employed,
Methods A, B or C could be used, depending on distribution of
the measurements and redundancy requirements., It should be

.emphasized that a simplified approach was used in this evalua-

tion, and that the resultant tentative conclusion could possib1§
be altered by introducing factors that would be available in a
detailed design study,

3. Sensor Requirements

Sensor requirements are presented in two ways. The first
presentation is by Sensor Criteria sheets, Table A-3 of
Appendix A is a collection of these Sensor Criteria, or short-
form specifications, covering all of the sensor requirements for
the main engines, The sheets in this table are numbered to
correspond with the Measurement Type identifications contained
in the measurement list of Table A-~1 of Appendix A, The second
presentation of semsor requirements is by a tabular format,
Table A-4 of Appendix A presents sensor requirements in this -
manner for the remainder of the identified measurements. Again,
the sensor types are identified with a code that corresponds
with the Measurement Type identifications in the measurement
list,

For some of the identified measuremenl requirements, no
suitable sensing technique was in production. A discussion on
investigation of these requirements is contained in the following
section,
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C. ©New Sensor Technology Recommendations

In the previous section, it was podnted out that there were
some measurement requirements identified which are not readily
met by’ application of existing sensors or developed ‘semsor
concepts with on-board equipment, The digcussions in this section
describe the investigations carried out to find solutions to
these measurement requirements, and the resulting conclusions
and recomendations., The references noted in these discussions
are listed in Appendix A of Volume I,

1. Detection of Incipient Failures

Reference 3 reports thoroughly om a study of applicable
sensing techniques for providing indication of component conditions,
including incipient failure conditions., The less conventional
techniques selected, implemented and tested on a Pratt and Whitney
J57-P37A engine included:

a. Engine external and iInternal sonic and vibration
analysis, utilizing high temperature piezoelectric
accelerometers and microphones,

b, Bearing incipient failure detection, utilizing ultra-
sonic-range accelerometers.

¢. Lube system dynamic pressure monitoring by piezo-
electric pressure transducers.

d. Combustion and turbine séction temperature monitoring
by electronic scanning of chromel-alumel thermocouples.

e. Lube condition and contamipation monitoring, utilizing
electrical resistance type filters and magnetic chip
detection,

f. Turbine blade tip geometry monitoring by means of
capacitive proximity transducers.

g. Spool acceleration monitoring by inductive pick-up.

Reference 119 reports a later investigation by Pratt and
Whitney of existing commercially available equipment for acqui-
sition of bearing signature data. Good results were obtained in
the application of bearing vibration analysis to assess ball
bearing cage condition and roller bearing race condition for the
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RL1O rocket engine development program. Reference 66 reports on
engine vibration monitoring by piezoelectric wvibration transducers
operating at 900°F on the Boeing 747 aircraft, H. L. Balderston
reports extensively on studies by the Boeing Company on acoustic
energy and acoustic emission phenomena for detection of incipient
failures in structures, mechanical, hydrauliec, electrical, and -
electronic subsystems (References 63, 64, 65 and 105.

Reference 121 veports on infrared and temperature sensing with
. fiber optic techniques. These techniques are expanded on, with
discussion of actual application to turbine engine monitoring and
control, in Reference 124, This reference describes the materials
and construction features of an electro-optical system with an
access window capable of withstanding high temperatures zand pres-
sures, fiber-optic transmission lines, filters and electronic/
photoelectric sensing unit for measurement of spectral energy

at specific wavelengths produced within jet engines. The exis-
tence of practical medels of pyrometers using these terhniques
and applied to jet engine monitoring was confirmed through
discussions with W. H. Marsh and B. H. Snow of General Electric's
Aircraft Engine Group, Evendale Plant, Cincinnati, Ohio. A
pyrometer built by this organization is being actively employed
in development testing of . the F 101 engine for the B-1 aircraft
to scan turbine blade temperatures during engine operation.

+30°F RMS accuracy is claimed. This device has been employed

for engine instrument tests for approximately five years, Mr,
Snow may be contacted for further information. A similar device
is built by Land, a British firm, for the Concordia aircraft now
undergoing certification test,

2. Propellant Quantity Gaging

Liquid level sensing techriques are covered in many of the
references, Reference 70 reports on laboratory investigations to
determine the feasibility and limitatioms of a method which detects
the change in resonant frequenecy of a tank excited by RF energy
as the amount of fluid in the tank varies. Refersnce 74 dis-
cusses seven potential techniques for zero-g mass gaging. Ref-
erence 131 reports on a gaging system that computes propellant
quantity consumed by an auxiliary propulsion system by measuring
the duration of engine firing and compensating for transient
flows when solenoid valves are energized., Reference 129 is a com-
plete state-of-the-art survey of L02 and LH propellant gaging;
it was compiled as a part of the McDonnell Douglas Space Shuttle
Phase B Study.

Contract NAS10-7258, "Propellant and Gases Handling in
Support of Space Shuttle," includes a specific task to define


http:tence.of

III-34

A propellant gaging system for Space Shutitle which represents an
improvement over the Saturn V concept. This task was not complete
at the time of this report,

3. Leak Detection and Hazardous Gas Concentration Monitoring

Ultrasonic leak detection techniques are reporxrted in Ref-
erences 130 and 132, Reference 130 also recommends the use of
a cabin gas analyzer (mass spectrometer) for hazardous gas concen-
tration monitoring on the £light vehicle during atmospheric
fhight and for ground operations. Reference 118 reports om an
analytical study of the recommended mass spectrometer, now being
incorporated on a Skylab experiment (M171), Our study concurs
in the recommendations presented in these references,

4, Ignition Detection

Ignition detection is needed to verify the lighting of torch
igniters in the main engines. In the baseline engine, failure
of one preburner to ignite can potentially result in backflow
up the unignited path and cause an explosion, The only ignition
detection systems we have been able to identify for this appli-
cation would either employ light detectors (UV, IR or visible)
looking through a suitable view window, or would detect ignition
by means of detecting pressure rise, The ability to discriminate
between the small differences in pressures between the ignited
and non~ignited conditions is doubtful, A study to identify
and z2ssess alternate approaches for ignition detection is recom-
mended. A potential approach that also should be investigated
is the use of acoustic emission sensing., Boeing has demonstra-
ted the use of this technique for detecting combustion of a
torch, but only in a laboratory enviromment,

Additionally, there is no developed technique for assuring
that, during igniter checkout, sparking occurs at the plug gap
and not at some point between the exciter and the plug, We
recommend that evaluations be conducted to derive a technique
for accomplishing this function with on-board equipment,
Potential techniques include signature analysis of igniter ex-
itation current and discrimination of spark location by acoustic
measurement,

5, Accurate Flowrate Measurement

Accurate flowrate measurement for rocket engines are pre-
sently accomplished with turbine flow meters. It is difficult



to verify the performance of such semsors prior to operational
use, Gas spin-up test can damage the bearings of propellant-
lubricated cryogenic flowmeters, One altermnative technique

is to use pump parameters to derive flowrate, but the resultant
accuracy may not be sufficient., A simpler approach would be to
derive flowrate from measurements of temperature and differential
pressure. No sensor is available, however, that will accurately
measure small differential pressures in high pressure systems,

6. Recommended Technology Investigations

-a. Acoustic/ultrasonic techniques appear to hold much
promise for resolving many fault detection/isolation/pre~-
dietion requirements not amenable to conventional sensing
techniques. Work by Boeing has shown acoustic emission to
be 2 potentially good indicator of bearing inecipient fail-
ures, Deflection measurement is a possible azlternative

or supplementary technique. Further work should be done

to establish the feasibility of both acoustic emission and
deflection measurement approaches in application to Space
Shuttle propulsion system rotating machinery, and to estab-
lish the feasibility of applying acoustic mezsurement
approaches to ignition detection and igniter spark location
discrimination,

b. Ultrasonic Leak Detection for both internal and ex-

ternal leaks has been shown to be feasible, using a combina-
tion of contact probes and microphones, There is-insufficient
data, however, to show that state-of-the-art devices will worlk
satisfactorily and maintain integrity with cryogenic temper-
ature cycling and at Space Shuttle vibration and acoustic
enviromment levels. We recommend technology work in these
areas.

c, Accurate measurement of small differential pressures in
high pressure systems cannot be accomplished with today's
technology except in the laboratory. A study to define and
assess approaches is recommended,

d. Igniter spark presence and location are pot readily
detected by any known technique which can be applied to
on~boaxrd checkout, In addition to the recommendations
presented in Paragraph a on the previous page, it is
recommended that other approaches be identified and assessed,

ITI-35
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tion current signatures to determine whether sparking is
occuring at the spark plug gap, or at some point between
the plug and the exciter,

7. Application of Sensing Techniques

Table III-3 presents a listing of sensor applicationg to-
the propulsion systems measurement requirements., Both commonly
used and potential senmsing techniques are listed. In application
of these sensing techniques, the designers of mechanical devices
must consider design for on-board checkout and monitoring as
well as for function and for accommodation of stresses, Empha-
sis needs to be placed on design to enable redundancy verifica-
tion and to incorpoxate the required sensors. Valves should be
designed to incorporate built-in proximity sensors, fiber optics,
or contact switches for detection of position of 1nterna1 parts,
and with provisions for ultrasonic contact probes to detect
internal leakage. Bearing housings should be designed to
accomodate acoustic sgensgors.



TABLE III-3

APPLICATIONS OF SENSING TECHNIQUES
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APPLICATION

Detection of out-of-balance
conditions in rotating elements

Detection of incipient failure
in bearings, gears, and
structural elements

Detection of internal and
external fluid leakage,

cavitation

Temperature Measurement

Lube o0il solid particle
content measurenent

Flow rate measubement

Pressure Meagsurement

ot
"~

SENSING TECHNIQUE

Sonic-Range Accelerometers

Ultrasonic-Range Accelerometers

Ultrasoniec Transducer

Thermister, Resistance Wire
Thermocouple

Fluidic Oscillator

Optical Pyrometer

Electrical resistance type
monitoring filters

Turbine-Type FlowmetLer
Vibrating Reed Flowmeter
Positive Displacement Meter

‘Heated Resistance Meter

Fluidic Flow Meter

Strain Gage Pressure Transducer

Capacitive Pressure Transducer

Piezoelectric Dynamic Fressure
Transducer

Optical Interferometer Pressure
Change Transducer

Bourdon Tube/Potentiometric or

Variagble Inductance Transducer

Fluidic Oscillatox

Fluidic Amplifier

Vendor catalogs, standard

instrumentation reference texts.

{continued)

REFERENCES

3,57,66

3,63,64,65,
116,119

65,105,116,
130,132

3,123
3,68
3,122
121,124

3

*
122

ol
"

125,128

als
"

*

3

69

, 122
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TABLE III-3 (Continued)

APPLICATIONS OF SENSING TECHNIQUES

APPLICATION

Rotational Speed and
Acceleration Measurements

Axial and radial motion and
clearances of rotating elements

Linear or rotational analog
position measurement

Discrete position detection

Cryogenic liquid level
detection

Lube o0il level measurement
Hazardous gas concentration
detection

Flame detection

Ignition spark detection

* Vendor catalogs, Standard Instrumentation Reference Texts.

SENSING TECHNIQUE

Tachometer
Inductive Proximity Sensor
Strobotac

Capacitive proximity sensor
microwave signal attenuation
Optical/Photocell or laser

Potentiometer

Variable inductance (LVDT)
Varigble capacitance
Optical Encoder

Syncro, Selsyn, Resolver

Contact switch

Magnetic proximity switch

Inductive or capacitive
Triggering

Optical/Photocell

Capacitance probe

Heated resistance wire
Optical refraction
Float/Magnecic switch

RF Cavity Resonance Sensing

Capacitance probe
Heated resistance wire

Mass spectrometer
Boroscope/photoceii
Optical pyrometer
Boroscope/photocell

Ignition current anglysis
Acoustic emission

REFERENCES

*

3
¥

[SCN SL Iy ¥L)

74, 129
129

129

127
70,74

v

97,112,118,
130

122,124
121,124

122,124

PR
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A, OCMS APPROACH

The selected approach to Space Shuttle propulsion systems
onboard checkout and monitoring is discussed in three sections,
Criteria regarding the degree to which the checkout, monitoring,
and evaluation functions will be performed by the OCMS are
developed and presented in Section 1. Section 2 develops and
describes the data management aspects of the QCMS approach.
Section 3 describes the configuration, functions, and allocation
of the Digital Interface Units which serve to interface the
propulsion systems with the wehicle data management system.

1. Criteria

The following discussions develop and present criteria for
0CMS functional capability and usage. These criteria establish
the degree of performance of checkout, monitoring, and evaluation
functions required of the propulsion OCMS for the various phases
of the shuttle mission,

a. Preflight Checkout - The purpose of preflight checkout
of the propulsion systems is to establish an acceptable level
of confidence that these systems will perform satisfactorily in .
the next flight. This confidence may be obtained by any means
that will detect existing or impending component failures, and
hence reduce the probability that a failure exists or will occur
during the flight. With factory acceptance testing, comprehensive
inflight monitoring, postflight evaluation of flight performance,’
post-maintenance retest of replaced LRUs, and monitoring during
ground servicing operations, considerable confidence that no
failures exist or will occur in the next flight will have been
obtained. Tn particular, the inflight monitoring necessary for
fault detection and redundancy management, performed under -actual
opevating conditions in the flight environment, provides a degree
of confidence often unobtainable by ground test. In the case of
propulsion system mechanical elements, sufficient confidence is
expected to exist from prior operating cycles that no special
preflight tests to functionally check mechanical subsystems are
necessary. In other words, if this equipment performed correctly
throughout all its previous normal operating cycles (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
congiderable simulation, would not be realistic in the absence of
normal stresses, and would provide little additional confidence
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over that obtained by leakage checks, post flight inspections and
by monitoring ground servicing operations such as purging and
propellant loading. From this rationale, the following OCMS
criteria statement was generated:

*»Preflight checkout of mechanical elements of the

propulsion systems will be limited to verification

of correct initial conditions for start, amd to

monitoring of the start-up and operation of those

subsystems which are started prior to flight.

The above rationale and criteria implies a high level of
confidence that electronic equipment employed for inflight
monitoring is in a flight-ready condition, i.e., there must be
an acceptable level of confidence that in-flight failures and
indications of impending failure will be detected and isclated.

To achieve the requisite level of confidence, good design and
integration of the sensors into the mechanical equipment is manda-
tory, and the electrical elements must be verified prior to f£light.
The: electronics equipment, including engine controllers and DIUs,
is amenable to rigorous self-test and can be employed to perform
sensor electrical checks. Therefore, the following criteria

will apply: 4

Preflight self-checks of electronic subsystems and
elements will be performed., These checks will
include verification of sensor electrical elements,

The checking of sensor elements is defined to mean the
verification of the correct sensor output for the static condition
that exists during avionics preflight self-checking, This
verification is expected to take a number of forms, namely:

*For open/closed position switches, verification will
consist of continuity/voltage checks on the normally
closed contacts for that condition, and a verification
that the normally open contact is indeed open.

«Analog position indicators will be checked by verifying
the proper voltage output fox the statie comdition
during self-check,

-Sensors forming a leg of a bridge network will be
checked by verifying correct bridge output voltage at
self-check conditions, and may include special sensor
leg continuity checks and/or bridge self-checks which
unbalance the bridge to a specific self-check output

wral+aera
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-Digital output transducers will be specified to. include
self-check provisions such that upon command from its
associated DIU, the transducer will perform an internal
self-check and report the results to the DIU with
reserved self-test output codes,

*Sensors that respond to dynamic conditions will ba selfi- .
checked during static conditions by continuity checks and
will be checked against back-up parameters during start
and/or operation of the subsystem. Semsors in this
categoxy include vibration pick-ups, flow meters, and
angular velocity transducers.

Since ground servicing and checkout operations may produce
equipment failures and will use up a portion of the life
expectancy of time or cycle-sensitive -components, sufficient
parameter monitoring and evaluation is necessary during these
operations to assure detection and isolation of any faults
that occur and to record dperating history when applicable,
Since equipment will be provided onboard for these purposes
during flight operations, it is logical to employ that same
equipment for monitoring and evaluation of ground operations,
Thus:

-Applicable system parameters will be monitored and
evaluated by onboard equipment during ground
operations for purposes of fault detection,
fault isolatiom, and operating history recording,

b. In-Flight Monitoring - Performance and condition
indicating parameters will be monitored and evaluated during and
after engine start and in-flight for the following purposes:

In-flight ready-to-start condition verification
Emergency detection

Fault detection and isolation

Real~time trend analysis

Operating-state history

Performance data recording

A precept of this study was that all inflight monitoring
would be accomplished by omboard equipment, without reliance on
any inflight data interface between the vehicle and the ground,

Rationale and criteria establishing the extent to which each
of the above monitoring and evaluation functions will be performed
in flight is discussed in subsequent paragraphs,
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¢, In-Flight Ready-to-Start Condition Verification - In
many cases, an attempted start of a combustion device under in-
correct initial conditions can result in equipment damage or
unsafe conditions, For example, an attempt to start an RCS engine
with its bipropellant valves initially open or partially open
would possibly result in the presence of an excessive propellant
quantity in the thrust chamber at ignition, causing an explosion
of the engine. 1In any case, an abortive start because of improper
initial conditions will be wasteful of fuel, electrical power,
and equipment life, For these reasons, the following criteria
will be applied:

+Appropriate omboard monitoring and evaluation will be
provided to verify, just prior to inflight start, that
all applicable equipment and associated system parameters
are in the correct conditions for start,

d. Emergency Detection - Emergency detection, for purposes
of this study, is defined as the detection of any condition
requiring automatic action (e,g., engine shutdown) te avoid a
potentially catastropic effect or requiring special precautions
or emergency procedures by the crew. Emergency detection
capability must be sufficiently reliable to assure that the
probability of an emergency condition not being detected is
neglible, Further, any conditions requiring special precautions
or procedural decisions and actions by the crew must be immedi-
ately displayed in a manner different from routing information,
These considerations resulted in the following criteria:

»Emergency detection provisions must be redundant.

«Redundant caution and warning display capability
will be provided for the following conditions:

Loss or impending loss of major functions (main
engine, airbreathing engine, separation, etc,)

Flight Safety parameters exceeding safe 1limits.
Loss of redundant elements.,
Hazardous leakage,

e, Fault Detection -~ In addition to detection of emergency
conditions, inflight fault detection is necessary to know when to
switch to a redundant element. Further, inflight fault detection
is desirable to allow any required maintenance resulting from a
£light to be identified without resort to ground tests., Fault
isolation for maintenance is aided by inflight detection. Also,
some incipient failures and transient or intermittent faults may




be difficult or impossible to detect by ground tests because of
inability to accurately simulate £light conditions, Therefore:

«Provisions will be made for inflight detection of
failures (including out of specification performance,
incipient failures, and transient or intermittant
- £aults) £or all identifiable failure modes for

which suitable onboard detection techniques and
_equipment are practical.

f£. _Fault Jsolation -~ In many cases, the operating conditions
and actual sequence of events before, during and after a failure
must be known in order to discriminate between cause and effect,
Also, transient or intermittent faults mzy not be isolatable in
later tests without resorting to highly realistic simulation of
conditions and events, In some cases, fault isolation must be
accomplished immediately after detection, to identify lost
redundancy and to initiate the proper corrective or safing action.
Further, it "is desirable that post flight tests for determination
of maintenance requirements be avoided. These considerations have
led to the following criteria:

Data for fault isolation will be acquired in flight,
by onboard equipment. ’

+Diagnosis for faunlt isolation will be accomplished
with onboard equipment. This diagnosis will relate
any faults to the required maintenance, and record
on the vehicle maintenance recorder the data
necessary to provide postflight printout of the
identified maintenance requirements,

+Fault isolation will be accomplished as scon after
detection as is necessary to identify lost
redundancy and to initiate corrective or safing
action when applicable, In cases when no LRU-
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 shutdown, diagnosis for fault isolation
may be performed on stored data alt a later time,
Preferably, this type of diagnosis will be
accomplished prior to landing, but may be delayed
until after landing if necessary.

g. Real Time Trend Analysis - Real time trend analysis is

defired as any analysis of equipment condition, performed con-
current with or immediately after the operation of that equipment,
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for the purpose of recognizing symptoms of impending malfunction.
Effective trend analysis on any equipmént item depends on a
thorough knowledge of the modes of failure of that item and the
detectable symptoms, if any, that precede or accompany the
inception of failure, Impending or incipient failures may be
evidenced in many different ways, each requiring a different
analysis technique. All such techniques require data extrapolation;
comparison with models, reference signatures, tolerances, or

past data points; probability matrix solutions; ox combinations

of these and other techniques such as computation of moving averages,
moving ranges, etc. Techniques must therefore be suggested by

and adapted to the specific symptomatic effects evidenced by
individual equipment items. The techniques for trend analysis

are costly in terms of processing loads and computer memory
capacity, therefore:

+Real time trend analysis will be performed only
for those failure mode cases where it would
result in avoidance of significant damage or in
early initiation of precautionary action to cope
with an impending emergency condition.

Non-real time trend analysis, performed on recorded performance
data, is discussed under the subject of Performance Data Recording,
in paragraph i below.,

h. Operating Histories - Where a strong correlation exists
between an LRU's performance and its operating history (i.e,, the
variance of operating history before failure is small), replacement
based on operating history is an effective way of inereasing mission
reliability. This is a particularly valuable approach in cases
of identical redundant LRUs having a strong correlation of per-
formance with operating history, The stronger the correlatiomn,
the higher the probability that all of the identical units will
fall during the same flight., Therefore:

«Where correlation exists, or is likely, between an :
LRU's performance and its operating time, stresses,
number of on/off cycles, number of revolutions of
Strokes, or combinations of these, a history of
operation of the LRU will be maintained in computer
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, ete,,



at discrete states (om, standby, NPL, MPL, etec,) ot
discrete stress levels (20% overtemperature for
example), )

1. Performance Data - In the discussion of preflight
checkout in paragraph "a” above, criteria were developed to limit
the extent of preflight checkout of mechanical elements of the
propulsion systems. This limitation was bhased on ability to
assure a sufficient probability of mission success by other means,
including verification of flight performance. Much of this
verification is accomplished by automatic inflight evaluation as
discussed in previous paragraphs. However, the need for extensive
computer processing capacity, as well as the need to rely on
human intelligence for many performance evaluation tasks, makes
comprehensive inflight evaluation of performance reasonable, A
previously stated precept is that no inflight vehicle-to~ground
interface for performance data transmission will be provided,

The Electronics Design Reference Model, however, assumes maintenance
recording capability sufficient for storage of propulsion systems
flight performance data, Recorded fiight performance data may be
evaluated afrer the flight to verify inflight diagnosis, identify
incipient failures, identify and analyze trends, and obtain data
for design improvement, Therefore:;

*Propulsion systems flight performance data will be
acquired and recorded on the vehicle maintenance
recorder to enable postflight evaluation for
verification of infiight diagnoses, identification
of incipient failures, and identification and
analysis of trends.

J« Post Flight Evaluation ~ The omboard equipment for in-
flight control and monitorimg inherently provides the capability
for ground control and monitoring for servicing operations such
as purging and propellant loading. Tt also provides processing
capability, mass storage, and recording provisions that can be
used for ground data processing., Due to safety considerations
during hazardous operatioms, and possible crew-compartment con-
gestion from personmel engaged in maintenance and servicing
operations, control and display capability external to the vehicle
will be required for many ground operations. For these reasons,
the following criteria were developad: '

«Inflight type monitoring and evaluation will be
continued until completion of shutdown operations,
Servicing programs then will be loaded into the
onboard computers, replacing the flight programs,
Flight-recorded data will be sorted, edited, and
evaluated by the onboard computexr complex to
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produce maintenance printouts, trend analysis
results and performance data records, catagorized

by suitable equipment groupings (such as main
engines, airbreathing engines, APS thrusters, ete.)

«Suitable ground connections to the vehicle data
bus will be utilized to provide for transmitting
commands and data between ground remote control
and display provisions and the vehicle central
computer complex,

k. Maintenance Retegt - One of the asgets of the onboard
checkout and monitoring system is that it permits the elimination
of a large part of the ground support equipment that is tradition-
ally required for ground maintenance operations on electronic
flight equipment, This is accomplished by using the onboard check-
out equipment for retest of replaced propulsion units, in addition
to the self-check of any replaced onboard checkout units, When
maintenance is required on the onboard checkout equipment, that
equipment will be retested before any veplaced propulsion elements
are retested,

-Maintenance retest of replaced LRUs employs the onboard
checkout function to automate the retest procedures and
to minimize the ground support equipment requirements,

1. Control and Checkout Processing Integration - The
traditional checkout processing concepts apply to the OCMS until the
start-up procedure is initiated or after the shutdown of a sub-
system is complete. During actual operation of a subsystem,
however, the checkout function and the control function become
very intermingled, This intermingling is well illustrated by
the Control Sequence and Logic diagrams presented in Volume II
of this report. 1In addition to the monitoring required for
closed-loop control, parameters are monitored and processed for
control of redundancy and for emergency shutdown initiation, In
order to determine data processing requirements for active sub-
systems, criteria relating the processing of checkout and monit-
oring functions to the processing of control functions had to be
established,

Three possible ways of processing checkout functions in
conjunction with control processing were investigated, using a
single example control problem. The example problem is concerned
with a thruster having a valving arrangement such that several
valves must be opened in sequence to operate the thruster, It
was assumed that backup capability exists in the form of redundant
thrusters for use in case of malfunction of the first, One
approach to control and checkout processing for this exsmple is
to allow the control processing to be independent of checkout



processing, doing its own logical checking to assure it 1is
functioning properly, The checkout function then becomes a
monitoring of the comtxol processor's activity., This approach
is illustrated in the flow chart of Figure IV-1,

A second approach is to let the control processing simply
sequence the thruster on and verify that it is running, while the
checkout processing runs independently to monitor actual signals
and set a No-Go indicator if necessary., Under No-Go conditions
one of the processors, controller or checkout, must determine the
redundant status of the system and initiate a new sequence if
possible, This approach is illustrated in the flow chart of
Figure IV-2,

A third approach is to combine the checkout and control
processing into one sequence as shown in Figure IV-3.

These three alternatives indicate that there must be some
center of responsibility for correct overall system operation,

It is not the normal control function to provide data management,
yet this will be required if the control function is to catalogue
and utilize the redundant capabilities of the hardware, Likewise
it is not a normal checkout function to interpret commands and
perform actuation of hardware in response to those commands, But
as shown in the first two alternatives, the checkout function
must at least know what should be. dome in response to these
commands. The approaches which separate checkout and control
processing require that both processors need to know the entire
control sequence. Also, since the control function and checkout
function must operate together, there must be communications
between the two. This indicates approximately twice the data
processing storage requirements of the integrated approach,

H]

?

The conclusion drawn is that the most efficient. approach
toward onboard checkout of active subsystems is to integrate the
control function and the checkout functiom, Therefore:

oControl and checkout will be treated as a single
function for purposes of computer processing,

Iv-g
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2, Data Management

The following paragraphs describe the data management ele-
ments of the .electronics design reference model and the relation
of each to the overall system. In the interest of attaining
maximm comtinuity in this section, some of the information pre-
sented in the Electronics DRM (Volume II, Chapter IL, Section D),
will be repeated heve, .

Figure IV-4, DRM Electronics System, is a block diagram of
the non-redundant eleetronics model. Redundancy is discussed in
subsequent paragraphs. This particular model was chosen because
it is a straightforward comcept that satisfies the basic criteria
of using a data bus system to eliminate the massive wiring har-
nesses of a point-to-point system, and schieves maximum system
flexibility with minimum remote hardware, The resultant wvehicle
data bus traffic and computer processing loads are relatively
high as shown in Section B of this chapter. An evaluation of the
overall vehicle requirements will be necessary to ascertain the
desirability of a modified model to preclude a data bus or pro-
cessing limitation,

a. Central Computer Complex - As suggested by the size of
the block representing the vehicle control computer complex, it
is the key figure in this system, All propulsion checkout and
monitoring functions, with the exception of those accomplished
by the engine controllers, are under the direct supervision and
control of the central computer complex (CCC); it is _a seleective,
specific response on-demand system. All actions are initiated
by the CCC, and only at the time they are needed, There is no
cyelic or multiplexed data acquisition or distribution sequence.
All data bus communications are between the CCC and the remote
units, never ‘between two remote units, For the purpose of esti-
mating computer processing loads, it is assumed that the CCC
would have a processing speed of 2 microseconds per instruction.

It was further assumed that each ceniral computer
has a memory size of 64K thirty two bit words, It is estimated
that the propulsion function would require approximately 9K of
the central computer's core memory if the software was imple-
mented in assembly language.

b, Data Bus - The digital data bus is the communication
link between the CCC and the remote digital interface umnits.
From the peak data bus traffic estimates developed in Section B
of this chapter, each data bus has been defined as a one megabit,
biphase, twisted pair bus.

¢, Digital Interface Units - The digital interface units
(DIUs) are the system elements which provide the interfaces




wo3sig £0TUOXIDOTH WIJ #~AT =2In8TF

RECORDLERS

|

DIU

o
L -

DIU

A B C

Central
Computer

A/B ENGINE
CONTROLLERS
(ENGINE - MTD, )

Complex

DIU

MAIN ENGINE
CONTROLLERS
{ENGINE MTD,)

DATA BUS

CONTROLS
DISPLAY &
COMPUYER DISPLAYS
I
DTU DI |

DIy

DIU DIU

DIU | — ~

DIU

71-AL



between the digital data bus and the propulsion system elements,
or peripheral units such as the recorders, display computer, and
the crew control and display panel. Those DIUs which service the
propulsion elements perform functions including:

Control ~ decode digital commands from the CCC and generate
stimulus for a propulsion element, typically in the form of
a discrete wvoltage.

Data Acquisition - gselect the desired signal input from the
decoded measurement request, signal condition the imput as
required, convert analog signals to digital data and format
the digital data into intelligible responses to be reported
to the CCC.

In addition, the DIUs are required to be self-checking so
that faults way be isolated between the electronic elements and
propulsion elements of the system. DIUs are internally redundant
only to the extent that no single failure will result in the
erroneous execution of a critical function (e.g, close a fuel
isclation valve during main engine operation), and that the data
bus interface circultry is quadruply redundznt, They have been
identified in this manner to simplify the self~check regquirement
as well as for reasons discussed in the DIU allocation criteria
of Paragraph 3 below. ..

The DIUs are under the power control management of the CCC
aud are powered down when not in use} e.g., M8 engine DIUs are
not powerei up on a Ferry flight, DIUs accept standard vehicle
pover (28 — 4 VDC) and condition that to satisfy cnly its own
power requirements, Circuit breakers provide back-up power

control to provide emergency shutdown capability and to facilitate

maintenance operations,

d. Remote Processors — The engine controllers for tue main
and airbreathing propulsion systems are discussed in depth in
Volume LI, Chapter II, Section D, and will not be further dis-
cussed here, The data management DRM treats Lnose engine con-
trollers like any other DIU. The display and recording. require-
ments are presented in Section C of this chapter., The GSE func-
tions are also discussed in this chapter,

e, Communications Seguences - The communication sequence
between the CCC and a DIU is shown below and is described in
~ensuing paragraphs.,

Iv-15
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1, Command a DIU to Execute an Action
a) CCC to DIU: Imstruction for action
b) DIU to CCC: Recirculate for verification

2. Data Acquisition
a) CCC to DIU: Measurement request
b) DIU to CCC: Recirculate for verification
¢) CCC to DIU: Data request
d) DIU to CCC: Transmit data

To command a digital interface unit to perform as action
(such as closing a valve) a four byte command is sent, and re-
circulated back to the CCC in formats described in Table IV-~1.

To acquire data 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
(typically in four byte format) rather than recirculating the
command ., ’

To obtain the regularly scheduled engine controller informa-
tion (discussed in the previous section), a three byte command
is sent to the engine controller DIU and the information is
returned using as many bytes as necessary (within the format
limitation) to return that particular set of information.
The information sent from an 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).

Information that can be grouped will be available in one
transmission rather than in separate transmissioms. Such block
data handling techniques have been defined for the engine
controllers and can be employed by the other DIUs, either if
sequencing capability is added to the minimum hardware unit,ox
if the data being acquired is in digital form at the DIU input.
Where the DIU inputs are analog voltages requiring analog to
digital (A/D) conversiom, the extra step to add sequencihg is
inexpensive considering the resultant reduction in data bus
traffic, since the DIU needs a clock for the A/D converter

anyway.

f. Redundancy- To satisfy the electromnic system fail-
operational, fail-operational, fail-safe redundancy criteria,
the model presented in Figure IV-5 was defined. The basis for
the OCMS redundancy philosophy is the concept of using an element
of the system until it exhibits an indication of abnormal
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TABIE 1IV-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 reazsons:

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 entirety,

"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
, ) {* 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 dats

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 cannet 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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cperation, then switching to a redundant element. This technique
lends itself to simplicity of operation and easily defined system
contrel, It alsc implies a requirement for a high level of con-
fidence in the ability of the system to identify anomalies in
operation., This requires a high degree of reliability in the
checking elements and the self-test procedures of the system,

as well.as a thorough knowledge of the failure modes of the sys-
tem elements. However, this requirement is less severe. than in
the case of simultaneously operated redundant elements using

- voting techniques.

The redundant model consists of four vehicle computers,
four vehicle data buses, four power buses, and a number of DIUs
that is compatible with the redundancy and criticality of the
corresponding propulsion elements., Although all four computers
are assumed to be available and are always connected to the dats
buses, only three would be required by the system for compatibil-
ity with the propulsion DRM, For this reason, the redundancy
model shows three computers connected to the comparator circuit
(MARC) and to the bus output control circuit (BOG). The fourth
computer could be assigned entirely to non-propulsion activity
until such time that one of the other three failed., At that
time, the fourth computer would be reloaded and brought into
synchronization with the other two, to replace the failed unit.
If effective use cannot be made of the fourth computer when it
is not required for propulsion duty, or if the reload and syn-
chronization preocess proves cumbersome, then the following
discussion would be extended to include all four units.

The health of the three units performing propulsion functions
is assessed by a memory access register comparator (MARC) which
compares the contents of that register betweenm all three computers;
and by computer self-checks. Since all three computers run the
same programs and are sgynchronized by a common clock, the contents
of all three registers will be identical, barring errors. There~-
fore, by monitoring those registers with MARC, a defective com-
puter, or a defective comparator element, would be identified
and isolated from the system. Figure IV-6 shows the logie for

"MARC decisions.

While all three computers perform the same functions, only )
one has output bus control at any given time, and is designated
the command computer by the bus output control circuit (BOC).
Computer status, as determined by MARC, is the basis on which
the command computer is selected. In the event of a computer
failure, command status would be transferred to the next logical
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unit. The suspected unit would be self-checked-and, wupon failing
that, would be replaced by the fourth unit. Should the suspected
unit pass the self-check, it would be re-synchronized and given
an oppurtunity to continue operation. At the next demonstration
of abnormality, the suspected unit would be replaced and removed
from further operation.

Tn the event of a second computer failure, the two remain-
ing units would continue to be monitored by MARC, with the results
of a self-check acting as the principal referee in case of disagree~-
ment between the two units. In addition, crew selection capability
would be provided to execute an override if deemed necessary. The
criteria for the crew's decision would be embodied in the ration-
ale that, if all indications are normal at the time of computer
disagreement, leave it alone.

MARGC's output cireuit to the bus output control circuit is
required to be latching, such that a failure resulting in the loss
of MARC's decision-making capabiliity would leave the system in
the last selected command state.

The four vehicle data buses are used in a fashion similar
to the use of the central computers. The buses are used one at
a time until an abnormal indication is exhibited by the first
bus, then operation is switched to a redundant bus. The logic
for this process is shown in the flow chart of Figure IV-7.

DIU redundancy is handled in an analogous manner, except in
this case the system has the benefit of DIU self-check to assist
in the decision-making process of determining whether or not a DIU
is defective and should be replaced by a redundant unit. In cases
where redundant DIUs do not exist, those DIUs would have been
servicing redundant propulsion elements, hence the next level
of redundancy would be called into service by commanding a re-
dundant, DIU-propulsion unit.

g. Data Processing -~ The computer processing requirements
were analyzed and it was determined that for data bus control, 37
CCC instructions were required to send a command to a DIU and 31
instructions were required to obtain information from a DIU. Thus,
to obtain a measurement from a DIU, a total of 68 instructionms
must be executed to. send the commands, receive the data, and to
verify the correctness of the transmissions. The makeup of the
68 instructions is as follows:
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* 5 instructions to initiate a measure command
* 5 instructiops to initiate a data retrieval command

* 12 instructions to handle the command Input/Qutput
request

- * 13 instructions to handle the data Input/Output request

* 20 instructions to receive the recirculated command and
- verify its source as correct

*= 13 instructions to receive the data and verify that it
was obtained from the correct source

The actual checkout programs are assumed to consist of, on
the average, 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 CCGC,

This approach imposes the highest load on the data bus of
any system that was evaluated. This is because each logical data

transfer requires 4 transmissions:

CCC to DIU - setup for measurement

DIU to CCC - recirculation for verification
CCC to DIU -~ request data
DIU to CCC,- send data

Also, since there is no fixed transmission cycle, the pro~
cessing load is heavy because each message must be formatted each
time it is sent. However, this system gives significant flexi-
bility since any DIU can be contacted at any time; also, it is
the simplest in terms of hardware since the DIU need only respond
to its address and requires no data buffer. The CCC Dgta Bus
Control is simply an Input/Output device, not a timing or multi-
plex device. Additionally, since the address is checked on every
transmission, the error detection-techniques will be the simplest
possible.

In summary, the data management system results in a checkout
and monitoring function characterized by high data bus loads and
high control processor usage, but also with good system utiliza-
tion, maximum flexibility, and a minimum of remote hardware. The
data bus traffic and cowputer processing estimates of Section B
of this chapter are based on this system,
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h, Recommendations ~ A number of other approaches were
given consideration in this study, each with advantages and dis-
advantages as compared with the reference model., The following
items (which depart from the highly desireable characteristics of
the model only to the extent of adding a small amount of hard-
ware) are recommended for adoption in the final OCMS design for
the stated reasons;

¥. Incorporate sequencing at the DIU level to accomodate
block data transfer capability for analog sensor outputs
which lend themselves to this technique. This would result
in reduced data bus traffic and somewhat reduced processing
loads. It would also simplify the communication sequence
required to perform a DIU self-check.

2, Incorporate a DIU interrupt scheme. This would consist
of a unique interrupt line from each DIU to the central
computer, A number of benefits would result:

a) 1In the design reference model system, the central com-
puter is required to execute a time delay of appropriate
length after it has given a DIU a command to parform a
measurement. At the end of that time delay, the CCC may
then request data from the DIU, If a DIU interrupt were
available, it would be used to signal the completion of
a measurement to the cenitral computer, thereby relieving
the CCC of the processing required to execute a time
delay while waiting for a DIU to complete a measurement.,

b) TIn the model system, the engine controllers rely on
special codes which are inserted (in response to trans-
missions) to signal an anomaly in engine operation, These
responses are possible only at the times that they are
scheduled by the GCC, By adding an interrupt system, the
engine controllers could immediately notify the CCC of
an anomaly in engine operation. This would add another

" layer of caution and warning redundancy, since the intexr-
rupt system would be independent of normal communications
on-the data bus system,

c) In the reference system, each piece of data that is
acquired by the DIUs must he evaluated by the CCC to
determine whether or not that data is within specified
limits, By adding hardware comparators to the DIUs, in
addition to an interrupt system, the DIUs would be capable
of evaluating acquired data. Then, instead of transmitting
the data over the data bus system, the DIU could report go
status via the interrupt linme., This would result in a
significant reduction in data bus traffic as.well as CCC
processing load, o
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3. DIU Allocation,

Subsequent to definition of the OCMS measurement require- -
ments and location of the measurements on working schematiecs,
the measurements were allocated to 25 DIUs of five basiec types
for the orbiter, The following criteria were used:

a)

b)

c)

)
e)

£)

DIUs are located as near as possible to the associated
propulsion element(s) to minimize wire lengths,

DIUs are at least as redundant as the associated propul-
sion elements.

DIUs shall possess as much commonality and interchange-
ability as -possible.

Engine controllers are considered to be DIUs.

Redundant DIUs are physically separate to guard
against catastrophic loss of total capability.

Sensor redundancy is based on the same criteria as
DIU redundancy in addition to the eriticality of the
associated propulsicn parameter,

The 20 DIUs (plus the five engine controllers) thus iden-
tified are described as follows:

Equipment Sexrviced DIU Numbers Redundancy Arrangement

Forward RCS engines 1, 2, 3 Each DIU services one RCS
and forward APS pro- engine per engine module,
pellant management. for a total of 5 engines

per DIU, 1Im additionm,
each DIU services all of
the forward APS propel-
lant management equipment
in a triply redundant

arrangement,
Aft RCS engines and 4,5, 6 Same as for DIUs 1, 2, and
APS propellant man- 3, but for the aft equip-
agement. ment,
OMS engines 7, 8 Each DIU services all 4

) of the OMS engines on a

primary/backup basis,
AP5 propellant con- 9, 10, 11 Each DIU services one sec-
ditioning, . tion of the triply redundant

subsystem,
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Equipment Serviced DIU Numbers Redundancy Arrangement
Airbreathing engine 12, 13, 14 Each DIU services one sectior
propellant manage- of the triply redundant stb-
ment system. 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
parameters in a triply
redundant arrangement.

Forward main pro- 18, 19, 20 Same as for DIUs 15, 16, and
pulsion, 17, but for aft equipment.

The DIU allocation is shown in diagram form in Figure IV-8,
The gquantities of measurements of different types serviced by each
DIU are shown within the block representing the DIUs, "L indi-
cates position measurements; "P'" pressure; "I' temperature; "V
voltage; '"I'" current; '"Q" quantity; and '"O" other.

Detailed allocation of measurements to DIUs for the orbiter
are included in the measurement requirements tabulation, Table
A-1, Appendix A,

By applying the same allocation eriteria to the booster,
the following allocations were made for each boom:

DIV Numbers. Equipment Sexrviced

1, 2, 3 . RCS engines and forward APS propellant
management .,

4, 5, 6 Forward separation engines,

7, 8, 9 Hydrogen or oxygen conditioning
subsys?emy .

10, 11, 12 : Aft separation engines.

13, 14, 15 Auxiliaxy power units.

16, 17, 18 Aft main propulsion system (other

main propulsion system split among
other DIUS)

Redundancy arrangemenis on these DIUs is the same as for
parallel-units on the orbiter. The total complement of booster
DIUs is 57, i.e., 18 per boom x 2 = 36, + 7 airbreathing engine
controllers, + 14 main engine controllers,
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Figure TV-8 Orbiter DIT Allocation (less engine controllers)
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B. DATA BUS TRAFFIC AND PROCESSING LOADS

The following paragraphs present the results of the main
engine subsystem data analysis, an example illustrating the
development of peak period data bus traffic and computer
processing loads by applying the data management design referemnce
model to a portion of the main engine controller data output,
and finally a graphical presentation of the peak periad traffic
and processing loads contributed by the propulsion systems of
the shuttle stages.

L. Main Engine Subsystem Data Analysis

The rxesults of the analysis of the main engine subsystem
data rates are presented in Table IV- 2, and are summarized in
Table IV- 3. As evidenced by the column headings of Table IV-2,
these results include the specification of interxnal engine
controller sample rates, engine controller to vehicle data bus
transfer rates, resultant vehicle data bus traffic during start,
steady-state, and shutdown intervals, in addition to notes
pertaining to data usage.

2., Peak Traffic and Processing Load Development

The following example illustrates the application of the
OCMS5 data management model to the regularly scheduled main engine
controller-to-vehicle data bus data (see Table IV-2). The peak
period vehicle data bus and computer processing estimates
presented in Figures IV-10 through IV-15 were developed using
the same techniques. The specific data selected for this example
is the regularly scheduled data during steady-state main engine
operation which has a total data rate (not traffic rate) of
4448 bits per second (BPS). By referring to our model we
observe that the following rules apply to this case:

a) To obtain data from the engine controller, a data
request containing one byte of address, one byte of funetion
code, and one byte of parity isg sent by the central computer
to the engine controller. A data request, then, becomes

3 Bytes X 9 Bits/Byte = 27 Bits.
By multiplying the data request by its transfer rate

the traffic due to a data request is calculated. The
function code of the data request will specify a block of

IvV-29
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data of the same transfer rate to be transmitted by the
engine controller in its data respomse. The limitation on
the size of a block of data that can be reported simultane-
ously is the format restriction on the maximum number of

. data bytes allowed.

b) - Engine controller data responses contain one byte of
address, up to 32 bytes of data, and one byte of parity.
‘Engine controller words are defined to be 16 bits in length:
11 bits of data, 1 bit of sign, and 4 bits of identifica-
tion . Vehicle data bus bytes are defined by the model to
be 9 bits in length (8 bits of data plus 1 bit of parity);
therefore, an engine controller word would occupy two
vehicle data bus bytes. A maximum data response would be

34 Bytes X 9 Bits/Byte = 306 Bits.

- Again, the traffic due to a data response -is found by
multiplying the number of respomse bits by the transfer
rate.

The first step in the process, then, 1s to examine the
data rate analysis for common rates. Table IV-2 reveals that
during steady state engine operation there are 39 parameters
which are regularly scheduled to be reported at a rate of 2
samples/second, and 10 parameters which are reported at a rate
of 20 samples/second. Each of these parameters are 16 bits or
2 vehicle data bus bytes in length, hence 16 parameters of the
same rate are blocked together to £ill the 32 byte maximum data
format.” It follows that the traffic calculations are:

a) First 16 parameters at 2 samples/second.
Data request = 27 Bits X 2/second = 54 BPS
Data response = 306 Bits X 2/second = 612 BPS
666 BPS 666 BPS
b)  Second 16 parameters at 2 samples/second.

666 BPS
Same as a)
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c¢) Remaining 7 parameters at 2'samples/second:
Data request = 27 Bits X 2/second = 54°BPS

Data response = 16 Bytes X 9 Bits/Byte
X 2/second = 288 BPS

342 BPS 342 BPsS
d) 10 parameters at 20 samples/second.
Data request = 27 Bits X 20/second = 540 BPS

Data response = 22 Bytes X 9 Bits/Byte
X 20/second =3960 BPS

4500 BPS 4500 BPS
TOTAL . . . . .. .. 6174 BPS

The preceding calculations demonstrate the application of
the model system overhead to raw main engine controller data.
The raw data rate of 4448 Bits/second, for regularly scheduled
data from a single engine controller during steady state
operation, translates to a vehicle data bus rate of 6174 bits/
gsecond. 1In the case of the booster, which has fourteen main
engines, the total vehicle data bus traffic for this block of
data would be 14 X 6174 BPS = 86.4 KBPS.

By proceeding in a similar fashion through the remainder of
the main engine date, and that from other applicable subsystems,
the peak vehicle data bus traffic and computer processing loads
shown in Figures IV-~10 through IV-15 were calculated. As indi-
cated in these figures the traffic on the vehicle data bus system,
due the propulsion system activity, peaks during main engine start,
For the booster, that traffic peaks at approximately 430 KBPS,
which corresponds to 437% of the vehicle date bus capacity. By
the time liftoff occurs (approximately 2,5 seconds after the
traffic peak) the main engines attain steady-state operation and
the data bus traffic reduces to a steady-state level of 380 KBES
which is 38% of the vehicle data bus capacity. This is based on
the reference booster for this study which baselines fourteen main
engines, The results of the Phase B studies to date indicate a
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requirement for only twelve main engines on the booster. With this
configuration, the peak date traffic would reduce in essentially
the same ratio as the reduction of main engines. That is, the peak
traffic during main engine start would become 12/14 X 430 KBPS =
368.5 KBPS, or 36.8% of bus capacity, and the steady-state value
during main engine burn would be 12/14 X 380 KBPS = 325 KBPS or
32.5% of bus capacity. After approximately three minutes of
booster main engine operation, the propulsion generated data bus
traffic reduces to a level of about 6 KBPS or 6% of capacity,

The peak central computer processing loads contributed by

- propulsion activities on the booster alsec occur during main engine

start. That peak of 76% of CCC processing capability during main
engine start reduces to a steady-state value of 62% by the time
liftoff occurs. With the Phase B study baseline of twelve booster
main engines, these values would reduce to about 65% at the peak
and 53% during steady-state main engine operation, After main
engine operation, the propulsion processing load reduces to a
steady-state value of about 1% of CCC capacity.

For the orbiter, the peak in propulsion system generated data
bus traffic occurs at main engine start where the peak value is
64 KBPS, or 6.4% of capacity. The corresponding peak in computer
processing load is 11.5% of capacity. During steady-state main
engine operation, these values become 57,2 KBPS (5.7% of bus
capacity) and 9.4% of computer processing capacity. After- the
three minute main engine operation interval, the orbiter data
bus traffic and processing loads due to propulsion activity
reduce to steady-state values of about 3 KBPS and 0.5% respectively,

. E



TARLE IV-2

MATW ENGINVE SUBSYSTEM DATA RATE ANALYSIS

EOLDOUT FRAME Z_

1V-33 and TV-34

! Internal Start Transien ] Steady State | Shutdown |
Eng, Contraller —We_'_ﬂu__ ngfvehicld ) FnpTehicia | .
Parameter Sample Rate Transfer Bits/Sec. transfer | gicg/5ee. Irapsfer Bits/Sec, ! Notes
Rate Rate Rate
| _ FUEL PRESS., F.P.B. INLET 100/8EC 20/8EC 320 - 2/BEG 32 20/SEC 320 MR, _

FUEL TEMP., F.P.B. INLET 20/8EC - - 2/SKG 32 - - 0
FLOW-OXID. TO PREEURNERS L00/sEC - - _2/sEC 32 - - "
FLOW-OXID. TO MAIN €.C. 100/SEC - - 2/sEC 32 - - "
PRESS., CXID., PREE. FLOWMETER 100/8EC 20/8KC 320 2/SRC 32 20/5SEC 320 "
TEMP,, OKID., PREE, OXID, FLOW 20/SEC - - 2/SEC - - - "
PRESS., OXID., MAIN C.C, FLOW 100/SEC 20/8EC 320 2/SEC 32 20/8EC 320 "
TEMP., OXID., WAIN C.G. FLOW 20/3EC - - 2/SEC 32 - - "
PRESS., FUEL, 0.P.E. INLET 100/SEC - - 2/SEC 32 - - "
AP, OPB, FUEL INLET TO CHAMBER 100/SEC - - 2/8LG 32 - = "
AP, F,P,B, FUEL INLET TO CHAMBER 100/8RC - - 2/8EC 32 - - "
PRESS., MATH COMB. CHAMBER LO0/SEC 20 /8EC 320 20/SEC 320 20/SEC 320 Thrust
PRESS., FUEL, INLET TO LPFTPA 20/8EC 20 /8EC 3 20/8EC 320 - - Start Monitor; POGO Monitor
PRESS,, OXID., INLET TC LPOTPA 20/SEC 20/8E0 320 20/8EC 320 - - n n i "
PRESS., FUEL, TPFTPA DISCH. 20/8EC 20/SEC 320 2/SEC 32 - - Start Monitor
PRESS., OXID., LPOTPA DISCH. 20/SEC 20 /SEC 3 2/SEC 32 - - Start Analysis
RPM, LPFTPA 20/SEC 20/sEC 320 2/SEC 3z #1/SEC 320 i r
REM3; HEFTRA 20/3EC 20/SEC 320 2/SEC 32 10/sEC 160 " "
RPM, LPOTPA 20/SEC 20/SEC 330 2/SEC 32 20/8EC 320 " "
RPM, HPOTPA 20/8EL 20/SEG 320 2/SEC 32 20/SEC 320 " "
TEMP,, LPOTPA INLET 20/8EC 2/SEC 32 - - - - " "
TEMP,, LPFTPA INLET 20/8EC 2/8EC 32 - - - - " n
AP, FUEL COOLANT TO HOT GaS M, 20/SEC 2/SEC 3z 2/SEC 32 - - Fit, Safety; Trend
VACUUM JAGKET PRESS., (L) 20/SEC 2/SEC 32 2/SEG 32 2/SEG 32 Start Monitor
VACUUM JACKET PRESS., {2) 20/3EC 2/SEC 32 2/SEC 32 2/8EC 33 n "
VAGUTM JACKET PRESS., (3) 20/8EC 2/SEC 33 2/SEC 32 2/SEC 3z » "
VACITUM JACKET PRESS., (4 20/SEC 2/SEC k] 2/SEC 32 2/3EC 32 " "
PRESS, FUEL, LPFTPA TURB, INL. 20/8EC 20/8E0 320 - - - - " "
PRESS., DXID. HEAT EXCH. CUTLET 20/3EC LO/SEC 160 2/SEG _"'32 10/sEC 160 Autogenous $yst.
PRESS,, FUEL, NOZZLE COOL, OUTLET 20/SEC 10/SEC 166 2/SEC 32 10/8EC 160 " i
PRESS., MATN TCA FUEL PURGE CK. V. i 20/SEC 2/8EC 3z 2/3EC 32 20/8EC 20 _Trend; Gentrol
PRESS., MAIN TCA OXID. PURGE CK. V. I 20/8EG 2/SEG 32 2/SEC 32 20/8EC 32 " "
PRESS., HPOTPA SEAL GAVITY 20/SEC 2/SEG 32 2fsgCc | 32 | z/sEC | 32 | Tlight Safety _
PURGE SUPPLY PRESSURE 20/8EC 2/SEG 32 2/3EC 32 L 2fsme | 32 1 srtart Momifer o
PRESS., OXID, PREE. CHAMBER 20/SEC 20/8EC 320 2/8EC 32 20/SEC 320 __Starc Aralysls

KY:;
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TABLE TV.2

{Continued)

MAIN ENGINE BUBSYSTEM DATA RATE ANALYSIS

EOLDOUT FRAME- Z-

IV=-35 and IV-36

Eng.Igio::é:(a)iler - . St_a':t Transient Steady State Shutdown
S S S e IR e R R e e
Rate Rate Ratas
PRESS., FUEL PREE. CHAMBER 20/8EC 20/SEC 320 2/SEC 32 20/3EC 320 ! Btart Analysis
PRESSURE, HPOTPA THERUST BAL. 100/85C - - 2/8EC 32 - - ¥lt. safety :
PRESSURE, PREB, PURGE S50L., V. OUT, 20/88C 2/8EC 32 2/8EC 3z 20/8EC 330 ! Trend; Maint,
CALC, M.R. 20/SEC - - 20/SEC 320 - - Perf. Check
CALG, THRUST 20/SEC - - 20/8EC 31 - - n n
M,R, ERROR 20/SEC - - 20/SEC 320 - - n "
TRRUST EZRROR 20/8EC - - 20/8EG 320 - - o "
LPFTPA VIBRATION 100/3EC - - - 2/SEG 32 - - Trend; Malf, Tdent
HPFTPA VIBRATION 100/SEC - - 2/SEC 32 - - " wr #
T.POTPA VIBRATION 100/8EGC - - 2/8EG 32 - - " n "y Elt, §af.
- HPQTPA VIBRATION 100/s®C - - 2/85EC 32 - - " n " " "
TEMP,, FPE CHAMBER 20/SEC 20/88C . 320 2/5EC 32 20/8EG 320 vom " "
TEMP.., OFF GHAMBER -20/8EC 20/SEC 320 2/3EC 32 20/SEC 320 1" n "
IGN. CORRENT, OFB 20/SEC One - 16 Bit Word - - - - Control; Tremd
TGH. CURRENT, ¥PB 20/SEC One - 16 Bit Woxd - - - - ' " "
TGN, CURRENT, M,C.C. 20/SEC One ~ 16 Bit Word - - - - " "
POSITION, FUEL MATH VALVE 100/5EC 50/SEC 800 - - 50/sEC 800 " "
POSITION, OXID, MATN VALVE 20/SEC 20/SEC 320 - - 20/sEC 320 , " 1"
POSITTON, OPB O¥ID. CONT, VAIVE 100/sEC 20/8EG 320 2D/3EC 320 20/5EC 320 i " "
POSITION, OPB FUEL CONT, VALVE 100/SEC 20/85C 320 20/SEC 320 20/sEC 320 " n "
POSITION, FPE OXID, CONT. VALVE 100/8EG 20/8EC 220 20/5EC 320 20/8EG 320 n "
POSTTION, FUEL, RECIRC. SEL. VATVE 20/SEC 20/ske 320 - - 20/8EC 320 " "
POSITION, OXID, RECIRC. SEL, VALVE 20/8EG 20/sEC 320 - - 20/8EC 320 " n
POSITION, FURL RECIRG. CONT. VAIVE 20/5EC 20/sFC 370 - - 20/SEC 320 ) n "
TGNITION DETEGTOR, OPB DILSCRETE One - & Bit Word - - - - Gontrol, Safety
IGNITION DETECTOR, FEB DLSCRETE Cne ~ 6 Bit Word - - - - " 2
TIGNITION DETECTOR, MCC DISCRETE One = 6 Bit Word - - - - " n
POSITION, EXT, NOZZIE . 20/SEC - - 2/8EC 3z - - " rend
POSITION, FUEL MAIN VAIVE DILSCRETE Two - & Bit Words - - Two = 6 Bit Words ' Coniral
POSITION, OXID. MATN VALVE DISCRETE Two - & Bit Words - - Two ~ 6 Bit Words ;"
POSITION, OPE FUEL CONT, VALVE DISCRETE One ~ & Bit Word - - - - ;oo
-POSITION, OPE OXID. CONT. VALVE DISGRETE Two - 6 Bit Words - - ~ - i "
POSITION, FPB OXID, CONT. VALVE DISCRETE Two ~ & Bit Words - - Two - & Bit Words Lo
POSITION, OXID, REGIRG. SEL, V. DESCRETE Two - 6 Bit Worda - - Two - 6 Bit Words "
POSITTON, FUEL RECIEC, SEL. V. DISCRETE Two ~ 6 Bit Words - - Two - 6 Bit Worde | ¥
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TABLE 1V-2

MAIN ENGINE SUBSYSTEM DATA RATE ANALYSTS

(Contined)

FOLDOUT FRAME 2,

IV.-37 and IV-38

Internal Start Transient Steady State Shutdowm Notes
v nete | b | sicossee. BRI | nueursec, PGS | stcesin
Sample Rate Rate Rate ) Rate "
FOSTTION, FUEL RECTIRC, COWT, V, DISCRETE Two - 6 Bit Words - - Two -~ & Bit Words Control
POSLTION, OPB IGN. OX. VALVE DESCRETE Four - § Bit Words - - - - i Control
POSITION, FPE 16N, OX, VALVE DISCRETE Four ~ 6 Bit Words - - - - : i .
POSTTION, MCC TGN. OX. VALVE DISCRETE Four - 6 Bit Words - - - - n
TIME, OPBIGN. OXID, VALVE DLSCRETE Two - 16 Bit Words - - - - ! Trend
TIME, FPB IGN. OXTD. VALVE DISCRETE Two ~ 16 Bit Words - - - - Trend
TIME, MCC IGN. OXID. VALVE ] DISCRETE Two -~ 16 Bit Words - - - - . Trend
POSITION, PREB. OX. PURGE SOL. V. DI.SCRETE Twe ~ 1§ Bit Words - - Twe - 6 Bit Words ! Control
TIME, PREF. OX, PURGE S0L. V. DISCRAETE One - 16 Bit Word - - One - 16 Bit Word " Prend
POSITION, MATW TCA OX, PURGE 501, V. DISCRETE Two - 6 Bit Words - - Two - 6 Bit Worda Control
TIME, MAIN TCA OX. PURCE SOL. ¥ BISCRETE One ~ 1§ Bit Word - - One = 16 Bit Word Trend
POSITION, MATN TCA ¥FUEL PURGE SOL. V. DISCRETE Two - 6 Bit Words - - Two - 6 Bit Words " Control
TIME, MAIN TCA FUEL PURGE SOL, V. DISCRETE One - 1§ Bit Word - - One = 1§ Bit Word Trend
POSITION, EXT. NOZ. GOOL. SOL, VALVE DISCRETE Two - 6 Bit Words - - Two - 6 Bit Words ORBITER only; Trend; Gontrol
TIME, EXT. W0Z. GOOL, SOL. VALVE DISCRETE One -~ 16 Bit Word - - One - 16 Bit Word " " n i
POSITION, EXT. NOZ, A TRACK LISCRETE - Two - § Bit Words - - : " " Control
POSTTION, EXT, ND%, B TRACK DISCRETE - Two - 6 Blt Words - - " " "
POSTTION, EXT. NOZ. C TRACK DISCRETE - Two - & Bit Wordg - - " " "
EXT, WOZZLE LOCK - A DLISCRETE - One - & Bit Word - - n v "
EXT. FOZZLE LOCK - B DISCRETE - One - & Bit Word - - \‘ " " "
EXT, NOZZLE LOCE - € DISCRETE - One - 6 Bitc Word - - " n "
FLOW FPR OX. PURCE DISCRETE - - - Two - 6 Bit Words Analysis; Trend
FLOW OPE OX. PURGE DISCRETE - - - Two - f Bit Words " "
SUB-TOTAL DATA 9184 G448 8192
.
STATUS WORD (2) 20/8EC 20/SEC 640 20/3EC 540 20/sEC 640 Controlier/C.C.C.
INTERFACE BITE 20/5EC 20/SEC 120 20/5EC 120 20/8EC 120 { Checks
CONTROL COMMAND VERIF. (&) 20/8EC 20/3EC 640 20/8EC 640 20/8LC 640
SUB~TOTAL DATA 1400 1400 1400 :
)
TOTAL - ALL 10,584 5848 9592
ONE TRANSFER DTSCRETES 416 54 Bitg 208 ,
HYDRAULICS, GIMB. (ESTIM) 640 3000 640 :




TABLE IV-3

MAIN ENGINE SUBSYSTEM
DATA RATE SUMMARY

(MAIN ENGINE CONTROLLER TO VEHICLE DATA BUS)

TYPE OF TRAFFIC START STEADY STATE SHUTDOWN
All data from nom-discrete 9,184 B/Sec. 4,448 B/Sec. 8,192 B/Sec.
devices
Interface test, status, 1,400 B/Sec. 1,400 B/Sec. 1,400 B/Sec.
verifications

TOTAL 10,584 B/Sec. 5,848 B/Sec. 9,592 B/Sec.

One-time transfer of 416 Bits 54 Bits 208 Bits
discretes
Hydraulic system gimbal actuator 640 B/sec, 3,000 B/Sec. 640 Bfsec.

data rates.

NOTE: All non~discrete data words are assumed to be 16 bit length.
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IV=t1 & |v=i42

PEAK DATA CONSTITUENT TEMELINES
BOOSTER MAIN ENGINE START

TIME (SEC) sl 1 2 3 & 5 6
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v
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i
b 1 : i L
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PROCESSING o
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C. DISPLAYS AKD RECORDIRG

The electronics design reference model, presented in Volume
II, assumes that adequate display capability and a maintenance
recording capability will be provided as a part of the vehicle
electronics systems, to support all of the vehicle gystems require-
ments for display and recording. The application of these capa-
bilities to the propulsion systems checkout and monitoring func-
tions is discussed in paragraphs that follow:

-1, Display

The general guideline for assigning information for omboard
display is that only information necessary for crew evaluation
or action will be displayed., Since most routire contrel, recon-
figuration of redundant systems, and emergency responses are '
provided automatically, display requirements for these purposes
are very low, Onboard checkout, inflight monitoring, and emer~
gency detection functions nave always existed in mamned airecraft
and spacecraft systems, but they have been performed primarily
by the crew, aided by ground persomnel., These functions account
for a large proportion of the information presently displayed on
such vehicles, 1lith automation of these functions, their display
requirements are reduced accordingly to only that information
necessary for the crew to be aware of any need for crew action,
for making decisions regarding optional actioms, and for carrying
out procedures asscciated with a selected action., To avoid dis-
play clutter, i.,e.,, display of more information at cne time than
the crew can read and readily understand, the more detailed and
less urgent information should be displayed on a call-up basis.

Applying the above comnsiderations, the types of information
to be displayed for the propulsion systems reduce to the following:

" a. Operator or crew instructions, such ag procedure steps
for manual operations or checkoffs, both ground and
flight,

b, System status, such as operating modes and rsdundancy
levels,

¢, Propellant quantities and consumption rates,

d, Malfunction detection or prediction notification and
identification, during ground operations when personnel
are onboard and inflight when corrective action by the
crew is possible,
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e, Caution and warning indications
f. Postflight printouts of maintenance data.

Adequate display provisions for all of the above, with the
exception of printout capability, are assumed in the electronics
design reference model. Printout capability is recommended as a
part of ground control and display provisions. Since the informa-
tion to be displayed (other than that used solely for ground
operation):is used primary to enable the crew to take precautionary
or corrective action mnecessary to their safety, redundant displays
are recommended for all of the above listed information except
the postflight printout of maintenance data.

2, ‘Recordipg -

.+ Data recording capability is required for performance data,
fault identification results, and operating history records, in
accordance with the OCHS criteria presented in Section A of this
chapter, To further expand on approaches to inflight recording
capability and the' utilization of the resultant recordings, some
applications from current aircraft practices are briefly des-
eribed 'in the following paragraphs,

The AIDS system, currently flying in line commercial opera-
tions aboard three KLid DC-9-30 aircraft on a trial basis, employs
a maintenance -and performance recorder to monitor up te 400 air-
éraft parameters. In this system, the data recording rate is

.varied as a function of the flight mode and data compression is

achieved by computer processing prior to recording., This compres-

"sion is zccomplished by redundancyreduction techniques employing

various -forms of limit checking, Postflight, the data is con-
verted to be compatible with ground computer tape reader input
format, Ground processing is then used to convert the data to
engineering units, check it by statistical techniques, and ‘pro-
duce parameter plots and lists for analysis. The reduced data

is used to compare performance with other fleet systems to mzke
relative assessments and highlight fleet trends. Tt is also used
for flight profile analyses to assist flight crews, improve
training procedures, and optimize fuel management (by comparison
of same type engines and appropriate ad]ustments),

The C~5A HMADAR system employs a maintenance data recorder
to record digital information regarding trend and LEU failure
data, in a format compatible with ground processing equipment,
Continuous data is not recorded, Instead, a computer tests the

-
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parameter values to determine if they have changed more than a
preprogrammed allowable deviation since their last recorded value,
Values within allcwable deviations are not recorded., If a value
exceeds its allowable deviation, the tést point number and a time
reference is supplied to the recorder. 'This technique is the
same as one form of limit checking used in the AIDS system des~
cribed above,

Automatic engine maintenance recording is being employed by
UAL on Boeing 737 airecraft, utilizing a flight-horne recorder.
Three complete sets of engine data are recorded per flight} at
take-off, climb, and cruise, A ground computer normalizes the
recorded data and compares it with idealized performance data
for a standard engine, Deviations from standard are then used
to establish a trend for each parameter, When an engine's
individual parameter trends change from their own previous levels
by more than prescribed amounts, a warning is printed, Monthly
summaries of individual engines and fleet averages are printed
out for amalysis of fleet trends,

The application of the Space Shuttle onboard maintenance
recording provisions to the propulsion systems checkout and
monitoring functions is discussed in the following paragraphs.

a. Recording Rates - The peak propulsion systems data
traffic on the vehicle data bus has been estimated as 430 kbps
for the booster and 64 kbps for the orbiter, Only a portion of
this is parameter data, however, The majority of the data bus
traffic is accounted for by commands, engine controller status
signals, and the data traffic necessary to operate the data bus
and check for errors. The actual peak parameter data is approxi-
mately 140 kbps for the booster and 35 kbps for the orbiter.

Each main engine accounts for approximately 9.2 kbps of this
data., These peak values are sustained during main engine start,
They then drop off to 77 kbps for the booster and 26 kbps for

the orbiter during the remainder of the time the main engines

are running, FEach main engine, running at steady state, accounts
for approximately 4,4 kbps of this data., If all of these data
are recorded, the recording rates during peak activity will
exceed what was assumed in the DRM to be a reasonable allocation
of recording (75 kbps for the booster propulsiom systems and 15
kbps for the orbiter propulsion systems). Further, they do not
include any reccrder overhead for tagging of data and error coding

b. Reduction of Recording Rates — The data rates presented
above have taken intc account tne use of a number of techniques
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to reduce the quantity of data, These included: data averaging
techniques in the engine controllers, acquisition of data only
during periods of expected activity, and parameter extraction
(transformation of signals to abbreviated forms) by signal con-
ditioners.

Data compression techniques were examined as a means of
achieving further reduction in the amount of data without reducing
the information content. However, assuming even a reasonably
simple compression technique (redundancy reduction by zero-
order predictor), it was found that computer processing loads would
increase by at least 40% if data compression were accomplished by
onboard computer processing., This estimate assumed a compression
ratio of 5:1 before tagging of data,

Compressed data requires a buffer between the computer and
recorder to transform the sporadic emergence of non-redundant
samples to a steady flow for efficient recording., Although the
data then is recorded at a2 steady rate over periods of time,
the parameters represented by the data are in random order ard,
therefore, must be suitably tagged for identification., Also,
because they are delayed by the buffer, they must be tagged with
a time-of-measurement. Such tagging often cuts the effective
compression ratic in half and sometime results in a negative
compression ratio, depending on the activity of the data, Further,
the variance in individual runs of deleted samples can produce
overflow and emptying of the buffer unless the buffer is oversized,
estimates of average compression ratios are very good, and/or
adaptive compression techniques are used. Obviously, the char-
acteristics of the imput data must be well known for redundancy
reduction techmniques to be designed for a system,

The conclusion reached from this analysis was that the com-—
pression of data before recording would net only require an
extensive bufifer between the cowputer and recorder, but alse
would either cverload the computer during pesk processing times
or would require considerable additional data storage capability
to temporarily hold data until it could be processed for com-
pression in nom-rcal time. There is, of course, tne possibility
cf adding another computer, dedicated to data compressiom, A
better approach would be to use the mass memory of the vehicle
central computer complex to temporarily hold uncompressed data
(suitably tagged to identify time and parameter) during peak
data periods and transfer it to the recorder during periods of
lower activity, .
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The very best means of reducing data guantity is to care-
fully study each subsystem with later performance analysis in
mind, to determine exactly what data is needed for that analysis
and what quality standaxd it must meet to convey the really
necessary parameter information.

c. Recorder Capabilities — A number of existing and in~
development flight-borne tape recorders were investigated to

determine the reasonableness of the DRM assumptions on recording
rates, Findings of this investigation were as follows:

1) The Apollo CSM recorder capability is 1.6 kbps for
120 minutes, or 51.2 kbps for proportionately
shorter times,

2) The Skylab Airlock Module Recorder capability is
5.12 kbps for 240 minutes, )

3) The Apollo Telescope Mount Auxiliary Storage and
Playback Unit capability is 4 kbps of recording
for 90 minutes, with PCM playback in 5 minutes at
72 kbps,

4} The Skylab Earth Resources Experiment tape recorder
(Ampex AR 700) is a 25 track recorder capable of
recording at 1 Mbps per channel for 15 minutes, and
for proportionately longer times at lower bit rates.,

Lf the use of the Earth Resources Experiment recorder is con-
sidered, the DR¥ assumptions on recording capability are cou-
servative by sizable factors, The total guantity of data that
can be handled by the data bus could obviously be handled by
this recorder,

d. Selected Approach - The selected approach to inflight
data recording is to require the vehicle maintenance recorder to
provide sufficient recording capacity, both data rate andi record-
ing time, to store the required propulsion systems data, uncom—
rressed, in suitable format and suitably identified as to time
and parameter to allow efficient post-flight processing for
reduction and evaluation.
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D, GROUND SUPPORT EQUIFMENT FOR CHECKOUT AND MONITORING

The propulsion checkout and monitoring requirements aire
satisfied by the use of onboard systems except in a very
limited number of cases where considerations such as cost,
weight, technology limitations, personnel safety, and overall
system effectiveness has led to the recommendation of ground
support equipment (GSE) for checkout and monitoring. The
recommended items of GSE for checkout and monitoring and
their applications are preseiited in Table IV-~4. The type and
function of this GSE (as defined in the application column)
make readily apparent the reasons for these recommendations.
This GSE was identified from an analysis of the ground
operations defined by the Checkout and Monitoring Requirements
Analysis, the LRU Maintenance Procedures, and the FMEAs,
as well as an overall systems analysis.

The vast majority of GSE items identified in the LRU
Maintenance Procedures and the FMEAs is not specifically
associated with checkout and monitoring, Their functions
are handling, refurbishment, and servicing. Matrices of
this general GSE and its usage are shown in Table TV-5 .
Applicability of a particular GSE item to a given propulsion

-element is indicated by an (X) in the appropriate location.

The CCC will be used during the post landing phase to
process flight data to- generate maintenance action printouts in
.addition to performing trend analysis and editing performance

data-for use by subsystem analysts., This data reduction

process will. be accomplished by loading ground software routines

.into the CCC during the post-landing cooldown period, The

remaining activity for the CCC during the post landing phase is
the executive control of the safing and purging operations,

The total computer time for the post landing phase is estimated
to be six hours,

During the-maintenance phase, the principal uses of the GCC
will be retest of xeplaced LRUs and subsystem reverification,
While detailed fault.isclation routines may at times be required,
it is anticipated that this activity will be very minimal and
may be neglected in estimating ground operating time for the
CCC. While the number of power-on/power-off cycles on the CCC
will undoubtedly vary from mission to mission, it is estimated
that the CCC will be in use not more than two hours for each
of the nine 8-hour shifts during the maintenance cycle, or a
total of not more than eighteer hours,
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During the prelaumch phase, the GCC is used to conduct
integrated preflight checkout for the vehicle systems and sub~-
systems. The maximum time estimated for vehicle subsystem,
system, and post-mate checks is thirty-six hours.,

The CCC is used during the launch phase to be in executive
control of the launch complex facilities during servicing
operations and to perform final system checks. The total time
estimated for these activities is fourteen hours,

The total time of operation for the CCC during the turn-
around cycle for an operational shuttle, then, is a maximum of
" seventy-four hours,
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TABLE IV~ &

GSE FOR CHECKOUT AND MONITORING

ITEM

Leak Test Equipment

Optical Test Equipment

Vacuum Test Equipment

Data Processing System

0il Sampling and Contami-
nation Analysis Equipment

Electronic Simulation
Equipment

Remote Control and
Display Panel

APPLICATION

Used for test of fluid line con~
nections after LEU replacement.
Required only if eonboard leak
defection system does not provide
sufficient accuracy £for this
function.

For turbofan engine damage in-
spection and for ignition spark
plug inspection.

For vacuum check of replaced
vacuum~- jacketed propellant lines,

For generation of computer pro-
gram source tapes, conversion of
digital data tapes to graphical
output, and for reduction of

data tapes to statistical data

for trend and performance analysis.

For contaminate and particulate
analysis of lubricants and
hydraulic fluids.

To perform fault isolation pri-
marily in the LRU-SENSOR-DIU
chain to a level not readily
accomplished by onboard equipment,
such as certain identification of
an open circuit location.

To operate OCMS during maintenance
operations to preclude crew com-
partment congestion and during
propellant loading and purge
operations for personnel safety.
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7/22-B/0 MPS Ox. Autog, Filter X X
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TABLE IV~5 {(Cont.)

Main Engine

Low Press. Turbopump

High Press, Turbopump

Low Tress. Turbopump

High Press, Turbopump
Fuel Preburner

Oxidizer ?rebun{er
Fuel Main Valve

Main Valve

| Ox.

Tuel Contral Valve

Ox. Control Valve

Ox. Contrel Valve

Propellant Lines

Intercennect Lines

Select Valve

Belect Valve

Control Vaive

MATN PROFULSION SYSTEM,

SUBS,

OPRE | On=0rb. Fuel Tank Press. Reg,

OPEE | On-Orb. 1D2Z Tank Press, Reg.

OPRE | Fuel Tank Praess, Shutoff Valve

OPRE | Ox. Tenk Prese. Shutoff Valva

MES

MES

MES

MES

MES
MES

MES

MES

MES

MES

MES

MES

MES

MES

HES

MES

MES

A,

GROUND SUPPORT EQUIPMENT MATRIX

NUMBER

7-0

10-0
&-0

11-0

28-0

1-B/0
2-B/0
3-B/0
4-BjQ
5-B/0

6-Bf0
7-B/0
8-B/0
9=-B/0

10-E/0
11~B/0
12-B/0
13-B/Q
14=B/0
15-B/0
16-B/0

OPRE~On-Drbit Pressurization Subsystem

B=Booster

LEGEND:

15=Maln Engire Subsystem

0=0rbiter
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DESCRIPTTON
Recire, Regulator

Booster Nozzle

Conlant Control Valve

Interconnect Lines

TCA Igniters

Intercornect Lines

Gimhal Actuators

Engine Controller

Wire Harnasg

Instrumentation Harness

Check Valve

Check Valve

Heat Exchanger

Purge Valves

Extendible Nozzle

Nozzie Deployment XKit

GEWERAL

TARLE I¥-~5 (Coni.)

SUBS .

MES

MES

MES

MES

MES

MES

MES

MES

MES

MES

MES

MES
MES

MES

MES

MES

GROUND SUPEORT EQUIPMENT MATRIX
for
A, MAIN PROPULSION SYSTEM
LRU

NUMBER

17-B/0
18-B

19-B/0
20-B/0
21-B/Q
22-B/0

23-8/0
244810
25-B/0
26-R/0
27-B/0
28-B/0
29-3/0
30-B/0

 31-0

32-0

.

MES = Main Enpine Subaystem

0 = {rbiter;

Booster;

E =

LEGEND
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IV-67 and IV-65
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GROUND SUPPORT ROUIPMENT MATRIX m D|E I - AT S1% o FlE
madesns g |3 K g I g EE 3 BE 5 e ‘
a (8043 EBlAH ol o 1% o . g8 9|8 u g w®(H 2 218 8w s B
for E o B s R L Jé‘ g D8 H|2 8 EiE ¢« 0| g W @A df{d A <[4 | w
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AR SRS AR R D S R AL ]
B. AUXILIARY PROPULSION SYSTEM MlEEdl Rl ECIE LRl S8 ElL s BT AR Rl BEE S B
4§ g ‘d‘*’ﬂé”é"‘“‘pﬁ"ﬁ“ﬁ%‘dﬁﬁﬁ&"%&nﬂé"&?é’é’ﬁg‘mé'ﬁ
B - a = = T =T I I YRR 23 a | =) a Q&
E [ H o (dd @ bmla g & ¢ ¥ T I N L~ B OE|le a O)lo @ g ¢ ¢ | oo
LRY @ PlE © W[ ® ~|H & o= 3: Ay 8 O A ®m | 2 &8 oo 1 ol
B b oo M ~ a |- 31 « Ca — & 2 28 R gl § A5 & ala o oo
R R I R E R R R
HIRBER BUBS. -  BESCRIPTION o B omo d e E e 5100 Fld e BIE e oA s als e alos 284888 A3
1-B RCS Enpgine Package X - % X ¥
1=B SEP Engine Package X X X X
1-0 RCS Engine Package X x x X
1-0 OMS Engine Package b4 X . x| x
2-B/0 BMS | GO, Filter : X X ¥
1
| 3=B/O PM3 G}l? Filter X X X '
I 4-B/0 PMS GH2 Solenoid Valve X X X
5-B/0 PMS 802 Salenoid Valve X X X
6-B HCB GH, Check Valve Package X X X
6=0 PCS GHZCheck Valve Package X X X
7-B acs GG GHZ Propellant Valve Pkg. X be X .
7-B 0cs GG.GH, Propellant Valve Pkg, X X X .
*7-B APUY GG GH2 Propellant Valve Pkg, X X x
-0 PCS [ele] GH,, Propellant Valve Pkg, X X x
8-B Hes GE GO, Propellant Valve Fkg. Z b4 X
8-B ocs GG GDzlfropellant Valve Pkg. X X X
8~B APT GG G02 Propellant Valve Fkg, X X X
B0 PCS GG GO, Propellant Valve Pkg. X X X ;
9-B HCE ]LH2 Check Velve Pkg. X X X
10-B HCS Turbopumps X be x 1l x
11-B HGS Turbopump Suction Valve Pkg. X X X
16-0 PGS LHz?mp Suction Valve Pkg. X X X
12-3 HCS GG Heat Exchanger Package X X X
13-B HOS LH, Solenoid Valve Package X X %
14-B HCS | Gas Genexator X ¥ X
LEGEND : RC3 = Reaction Control Engine Subsystem HCB = Hydrogen Conditioning Subsystem E = Booster
SEF = Separation Engine Subsystem 0G5 = Oxygen Conrditipning Subsystem 0 = Orbiter
OM2 = Orbital Mancuvering Engine Subsystem APU = Auxiliary Power Unit !
PMS = Propellant Management Subsystem P08 = Fropellant Conditioning Subsystem
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— E p P gl |BE c L AR
GROUND SUFPORT EQUIPMENT MATRIX K| e . o e & = op » i § 4ia s o 3% o §|E
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w 9 . ola 4 u o E —= |8 L E . g2 ikl o H & (m
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B. AUXILTIARY PROPULSION SYSTEM 218 B S aAEegie 8 Hogls B o w Elg » & o9 sla 3 A28 H 7|
E R g - [-I - 1] 8 =] * LR =] d B2 W o & wm = = o F 1] % a 1 al
s T 3 o S 4w 8 oplH o0 Ll 4 —fe A 2R @ 3 0 o d w0 B =
= o B 0 mowm o =20 -TI IE S W~ T " S S O I S -l vl A L @ w;m E ) E v Hiw
- B 4 ~ m MoAaodie BB o o= A8 gl
= w H T e A w|®m LI T S I 1 B - I Vi g Z|lo 0 Ll o glo g W
g o =R N s G R i T R S & Ao Ol o W 2 < 3Jl- gle 1 5|m
1RU # P oalm M Dld o0 ¢ |d N | - — A 3 = |y v s3fp n Al d Ss|le 0 A
5??%‘%5?55‘&3%"1"12&3£ﬁ%E‘§§*§SS"‘§.":"§”E‘HE&
NUMBER SUBS ., DESCRIPIION O ralp MBS olddElddelE L Ed 2 A2 FS2EESEEE QAT
14-B ocs Gas Generator b:o X
14-B APU Gas Generator X X .
14-0 PGS Gas Generator X X
15-B 0cs Compressor Inlet Valve Pkg. X X
16-B ocs Turbocompressor X X X
17-B ace G0, Check Valve Package X ‘ '
18-0 PCs GCI2 Cheek Valve Package X x
i8-B HCS | Turbine X X
18-8 ocs Turbine X x
18-8 APU Turbine X %
15-0 PGS Turbine X X
18/22-0/8 | EMS | 6H, Manual Valve - X X
21/19-0/B | FMS Gﬂz Manual Valve X ¥
19/23-0/8 PM3 GHZ Relief Valve X X
22/20-0/8 | PMS GO2 Relief Valve X X
"20/24-0/B | PHB GH2 Qh/Solenoid Valve Pkg. X X
23/21-0/8 | PMg (-}02 QD/Solenoid Valve Pkg. X X
25-B/0 PMS GO, Regulator Pkg. X X
26=B/0 - PM8 GH2 Regulator Pkg, X I
9-0 PCS LH2 Pamp X X X
10-0 Pcs 102 Fump X X X
11-0 PCS LO?. Heat Exchanger X X
12-0 PGS I.H2 Heat Exchanger x X
13-0 PCS | 'Power Train Unit . X
17-0 PCS L(}r2 Pump Buction Valve TPkg, X X
LEGEND: RCS = Reactfon Control Engine Subsystem HCS = Hydrogen Conditioning Subsystem B = Booster
SEP = Separation Enpine Subsystem 0CS = Oxygen Couditioning Subsystem 0 = Orbiter
OM3 = Qrbital Mapeuvering Engine Subsystem APU. = Aunxiliery Power Unit
PMS = Propellant Msanagement Subsystem PCS = Propellant Conditioning Subsystem
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DESCRIPTION

UIPMENT MATRIX
Turbefan Englne

LRU

Inlet Valve Pkg.

Fuel Digt. Valve Pkg.

 Vent Valve Pkg,

Vent Disconnect Coupling

Fill valve

Fill Coupling

Pressure Regulator Package

Preasurization Valve Package

Pressurization Filter

GHZ Valve Package

Gas Generator

Check Valve Package

Fuel Control Assembly

Electronic Controller

SUBS,
TFE
APM
APM
APM
APM
APM
APM
APR
AFR
AFR
APM

APM | GO2Z Valve Package

APM

AFM | LHZ Valve Package

AP | Turbopump Asaembly’

APM

TFE

TFE

TABLE IV-3 (Cont.)

GROURD SUFPORT

GENERAL
for
C. AIRBRFATHING PROPULSION SYSTEM

KUMBER

1-B
2-B
3-3
4B

5-B

6-B
7-B

9-B

10-B
3-0
50
40

6=0
"7-0

8-0

2-B/0
3-B/0

APM=Afrbreathing Propellant Management Subsystem
APR=Airbreathing Pressurization Subsystem

TFE=Turbofan Engine Subeystem

Booster
0=0Orbiter

B=

LEGEND:

3
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TABLE IV-5 (Cont.)

TESCREPTION
Scavenge Pump

GENERAL

0il Boost Pump

01l Pressure Pump

0il Strainer

Boost Pump Relief Valve

Boost Pump Regulator Valve

Pressurant Regulator Valve

Zexo-G Pressurization System

Ignition Compositor

Ignition Exciter
Ignition Plug

Solid Start Cartridge

Fan

High Pressure Compressor

7

SUBE.,
TFE
TFE

TFE
TFE
TFE
TFE
TFE

TFE

TFE
TFE
TFE

TFE

TFE

TFE Low Pressure Compresgsor

TFE

TFE § Low Pressure Turbine

GROUND SUPPORT EQUITMENT MATRIZX
for

C. AIRBREATHING PROPULSION SYSTEM
LRO

HUMBER

4-EB/0O
5=-8/0

6-B/0
7-B/0
8-8/0

9-B/0

10-B/0
11-0

12-8/0
13-B/0
- 14-B/0

15-B/D
N/A-B/C

K/A-B/O
- B/A-B/O .

W/A-B/0

RBooster
Q=Orbiter

B=]

LEGEND:

TFE=Turbofan Engine Subsystem
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TABLE A~1

OCMS MEASUREMENYT REQUIREMENTS

EXPLANATION OF COLUMN HEADINGS AKD CODES

COLUMN HEADING

DESCRTIPTION

1.

3.

4y

N

IDENTITY CODE

QUANTITY

RANGE & UNITS

ALLOW, ERROR

RESPONSE RATE

TG,

FLUID MEDIA

The codes in this column relate f£o the measure~
ment description given in Table A=2,

The guantity of identical measurements (having
identical deseription and requirements), Quan-—
tities indicated are per vehicle stage, except
for engine measurements, Quantities for engine
measurenents are per engine,

The range of measurement and units of measure
of the parameter to be measured.

The allowable overall error between the actual
parameter value and the processed data repre-
senting that value,

The maximum expected rate of change, time to
change state, or frequency of variation of
the parameter,

1
Mounting of the sensor, or how the sensor is
exposed to the forcing function, Codes used
ares

D - Direct wmount, OSensing element directly
exposed to the forcing function,

Cl - Component external. Sensor mounted on
the component, with the sensing element
indirectly exposed to the forcing
function,

Denotes the fluid media, if any, to which the
sensing element is exposed.

A=l



TABLE A-1 (cont)

0CMS_MEASUREMENT REQUIREMENTS

EXPLANATION OF COLUMN HEADINGS AND CODES

COLUMN HEADING

DESCRIPTION

8., MEAS, TYPE -

9. DATA USE

10, TIME OF DATA
ACTIVITY

11, SAMPLE RATE

Relates to the sensor criteria of Table A-3,
and requirements of Table A~4. The sensor
criteria associated with each measurement type
defines the enviromment, output signal char-
acteristics, and other requirements related

to the physicdl equipment for transducing the
measured parameter to an electrical signal.

Designates the end use of the data resulting
from the measurement, Where data has more than -
one use and the time of data activity or sample
rate ig different for each use, a separate line
is used for each. Codes used are:

Monitor (for failure detection)

=
I

Control

g0
1

- Performance analysis recording

Readiness or status check

I
1

~ Trend data

~ Fault isolation test

=
H

W = Warning of impending failure

Operation or condition during which the data
is meaningful.

The required rate of sampling the measurement
during tne 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 whemever the noted
condition occurs urder "time of data

activity'.



COLUMN HEADING

TASLE A-1 (cont)

OCMS MEASUREMENT REQUIREMENTS

EXPLARATION OF COLUMY HEADINGS AND CODES

DESCRIPTION

11,

1z,

13.

14,

15,

16.

(copt)

DATA RATE

DIU 10,

REMARKS

™

E,0, - Each operation, Imdiczting one or
several samples to be taken each time
an operation occurs that would cause
the measured parameter to change to a
new value and remain at that value,

Megl - Neglibly low sampling rate, ©DNot
important to data bus traffie or pro-
cessging loads,

T3D - Sample Rate to be determined by further
study.

Blank column.

The rate at which data from each measurement
is placed on the data bus during the time of
data activity, For DIU's, the data rates are
dependent on the data management tecaniques
employed on a given measurement. Ihese rates
nave been generated for peak traffic periods
as shown in figurss IV-10 through TV-15 of
Section IV-B, 'The main engine data rates are
shown in Table IV-2, and are summarized in
Table TV-3.

Blank column.

Indicates the numerical identification of tne
NIUs to which a measurement is assigued,
Assignments have been made on the orbiter usiug
criteria discussed in Sectionm IV-B, The DIUs
for the main and airbreathing engines are

their respective engine controllers.

Comments used to provide additional informa-
tion on a parameter, An asterik in this column
indjcates that the remark expands on information
contained in another asterisked column on the
same line,

A-3



TABLE A-1 (cont)

OCMS_MEASUREMENT REQUIREMENTS

EXPLANATION OF COLUMN HEADINGS AXD CODES

Glossary of Additional  Symbols

PSIA Pounds per square inch, absolute
PSID Pounds per sgquare inch, differential
PSIG Pounds per square inch, gage
°R Degrees, Rankin

°F Degrees, Fahtrenheit

o/C Open/closed '

sec Second

T,5. Full scale

s/8 Steady-state

T/C Time constant

MS Millisecond

VDG Volts direct current

#® Micron °

RPiI Revolutions per minute

THD To be determined

Hz Hertz

MR, Mixture ratio

(a) Analog

$)] Discrete

N/A Not applicable

ib Pound

c/u Covered/uncovered

"= in Iuch

K= ' 1060
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TARLE A-1 (Cont,)

FOLDOUT FRAME A

% Par Engine

%% See Main Engine Data Rate Analyeis, Table TV-2

OCMS MEASUREMENT REQUYREMENTS A3 amd A-6
SUBSYSTEM: 1.1, 4.1 Maln Engine
IDENTTTY l ALLOW, | RESPONSE FLUID | MRAS. | DATA TR DATA BIv
oDk QTY., | RANGE & UNITS ERROR RATE MTG. MEDTA TYPE UsSE TIME OF DATA ACTIVITY RATE RATE ®O, REMARKS
PELPTPAS 2 0-30 BSLA +0,5% | 10 HZ D IH? |P-1-ME ¢ lstart 20/sec Eng. Comt.
M Start, 5/8, Shutdown 20/ see SEart & POGC Monitar
. P Start 20/see
FI | PELPTPAG Out-0f-Limits
and per FMEAs. AR,
PELPTPATL i 0-3000 PSIA § +1,0% < 20HZ D LHZ P-2-ME M Start, 5/5, Shutdown 20/ sec Stavt Momitor
T Stare 20/ sec
FI |Fuel Recirc. Regulator
and per FMEA A.R.
PELPTPAd 1 0-100 PSIA | 4+1.0% F.8. in 2 sec| D LH2 P=3=}E Start, $/5, Shutdowm 20/sec Start Monitor
5/8 20/sec
P Start 20/sec
FL {PFHPTPAd OQut-0f-Limit
* and per FMEAs AR,
PcFPB 1 0-6000 PSTA | +0.5% ¥.5. In 2 sec| D Hot Hy|P-4-ME c Start, Shutdown 20/ sec
M Start, 5/8, Shutdown 20/ sec
T 8/s 20/ sec
P Start 20fzec Start Analysis
FIL [PcMOC Qut-~Df-Limitg
and per FMEAa AR, '
Pol.PTAs 2 0-300 PSIA +0.5% 10HzZ ] LO2 P-5-}ME c Start 20/s5ec
Start, $/5, Shutdown 20/gec Start & POAGO Monitor
? Start 20/sec
FI [PoLPTPAd Out-Of-Limilt
and per FMEA ‘| A.R,
T |porpEPAd 1 0~750 PSIA +1.0% F.5, in 2 gec| D o2 P-B~ME Start, 5/8, Shutdown 20/sec
' T 8/s 20/sec
P Start 20/sec Start Analysis
FI PoHPTPAd Out-Of-Limit
and per FMEAs. A.R.
PcOPB 1 0-6000 PSIA | +90.5% F.8. in 2 sec| D Hot Hy|Pwk-HE 4 Start, Shutdown 20/sec
M Start, 5/5, Shutdown 20/sec
T s/ 20/ sec |
P Start 20/ see
FI PedMC Out-0f-Limit ,
& per FMEA AR,




FoLpoyr FrRAMA [

TABIE A~1 (Cont,)
0CMS MEASURFMENT REQUIREMENTS

EFOLDOWI Fitrwaic 2

A=7 and A-~8
(Continued)

‘SUBSY STEM: 1.1, &,1 Main Engine

IDENTITY * ALLOW, RE SPONSE vt | JLOED . MEAB. | DATA ; INSEI%%%EAL %T‘]!A DIO
CODE QTY, | RANGE & UNITS ERROR RATE MTG. EPIA - TYPR TSE TIME OF DATA ACTIVITY RATE . RATH KO, REMARKS
PheBFOTPA 2 0-50 PSIA +1.5% < L0HZ. n GHE ° | P-7-ME | C |start 20/sec Eng, Cont.
M Start, §/8, Shutdown 20/s8ec
. W Seal Failure 20/sec Flight Safety
F1 [HPOTPA Cavity Seal AR,
PoHETPATR 2 0-~8000 PSTIA | +1.5% Est, 22087 D 02 P-8-ME Start, S/8, Shutdown 20/8eC
T 5/8 20/ see
Start, 5/8, Shutdown 20/ sec Flight Safety
FI |PoHPTPAd Out-O0f-~Limit AR,
PcMCC 2 0-3500 PSTA [ 4£0.5% F.S. in 2 sec| D Hot Gas | P-4-Mf | C Start, §/8, Shutdown 20/ sec Thruat
Start, 8/5, Shutdowm 20/zec
P Start, S5/8 20/ sec
W |Pe Out-:Of-Limil‘:S 20/3ec
FI |Thrust Out~0f-Limit AR, )
PvacFL-(1-4) [ 8 | o0-100 p +20% 10z p |45 | peear [ ¢ [start 20/sec
. ‘ Start,5/S, Shutdown 20/ sec Start Monitor
T Start, 3/5, Shutdown 20/sec
FI |VAC.Jacket Leak AR
PoPBFMo 1 0-8000 PSIA | +0.5% 10-20H7 il o2 P-8-ME 4 Start, 5/8, Shutdewm i00/sec M.R.
Start, 5/8, Shutdown 108/ sec
P Start, 8/S 100/see
FE ?cOPE and PcFEB
Cut=0f-Limit AR.
PoMGCFMo i 0-5000 PSTA | £0.5% 10-20HZ D LC2 P-B-ME | C Start, 5/8, Shutdown 10G/8ec M.R.
Start, 5/8, Shutdown 100/sec
P Start, $/38 "[100/sec
FL PeMCC Out-0f-Limits A.R.
PEFPE1 1 0-7000 BSIA | +0,5% 10-20HZ D IHZ P-10-ME| C Start, S/S, Shutdown 100/ gec M.R.
Start, 8/8, Shutdown 100/sec
P Start, 5/8 180/ sec
FI {PcFPB Dut-Of-Limit A.R. i
3
% Por Enoine %% Ree Main Fnoine Daka Rofe dnalwele Mohls TU=? :
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g
. TABLE 4-1 (Cont.)
OCHS MEA SUREMENT REQUIREMENTS

T 2
FOLDOUT FRAME =5 g .9 1 10

(Continued)

SUBSYSTEM:_ L.1, 4.1 Main Engine
oy R
T QTY. | RANGE & uNITs | V0. | RESPONSE wre, | iy | MRS, PAMA| s or paTa acTIvITY I%%i}w by o REMARKS
PEOPBL 1 | 0-7000 P5TA | +0.5% | 10-208% 3 | A2 | P-36-ME| C  |Start, 5/8, Shutdown 100/sec Eng, Cont, |y 3,
M Start, 5/5, Shutdowm 100/ sec
i P 3/s 100/ 8ec
FL |PeOPE Out-0f-Limit AR.
APEFPRI/C 2 0-1000 PSID +0.75% | 10-20HZ T jLH2/Gas | P-11-ME| € Start, 5/5, Shutdown 100/ see Redundant MR,
Start, 5/S, Shutdown 100/ sec
P 5/s . 100/ 3ec
FI | PePPB Out-Of-Limit: \ A.R,
A P£0PBI/C 2 0-1500 PSID 10.75% | 10-20Hz ‘D LHZ_/%LS p-11-ME] © Start, 5/3, Shutdown 100/sec Redundant M.R.
i Start, §5/5, Shutdowm 100/gac
P 8/s 10C/sec
FI |PcOFB Out-Cf-Limit ALR.
APCT/G 1 | o-200 PSTD | 323,02 | <l8% b (1HY a0t Je-12-Me | M |Srare, §/8, Shurdown 20/sec
T s/ | 20/8ec
W Start, 8/8 (Qut-Of-Linit) | 20/sec Flight Safety
. FI |Per FMEA 1,1.1.7 A.R.
2clEe 1 0-1500 PSIA +0.5% F.,5. 1n 2 gec| D |[GO2,AMB,|P-13-ME | M Start, 8/5, Shutdown 20/sec Autogenous System
T |stert, Shurdown 20/sec
R Check Valve Verif,
During Load & Purge E.O.
FI |[PoT~1 Dut-Of-Limit AR,
P£NGCo 1 Q-1500 PSIa +0.5% F.3, in 2 sec| D |GHZ,Aimb.|P-13-ME [ X Start, 5/8, Shutdown 20/ sec Autogenous System
T Start, Shutdown 20/sec
Check Valve Verif, :
During Toad & Purge '[E, 0.
FI |P£T-1 Out-0f-Limit AR,
FheFTPCVL 1 | 0-2000 p3TA | 20,52 | F.5. fn L see] D |GHe,GH2 |B-13-ME | Start, Shutdown 20/ see \i
M Start, 5/5, Shutdown 20/ sec !
1T Start, Shutdown 20/ gee
CK. Valve Verifiecation AR,
FI [Fuel Purge GK. Valwe AR,
]
¥ Per Engine **% See Maln Englne Data Rate Analysis, Table IV-2




EOLDOUT FRAME |

TABLE A-1 (Cont,)
0CMS MREASURFMENT REQUIREMENTS

FOLbout Frame B,

. A-11 and, A-12
(Continued)

SUBSYSTEM: 1.1, &£.1 Main Engine

% 7 e
R QTY. | BANGE & WNITs| pLOT | FESPOUSE wrg, | MO | MEAS. | XM o oF pata acrrviTy I&[ﬁ%& DaTa o REMARKS
PheOTPCV £ 1 0-2000 PSTA +0.5% F.3. in I sec| D [GHe, GOZ{P-13-ME | ¢ Start, Shutdown 20/ sec Eng. Cont.
M Start, 8/S, Shutdown 20/ sec
T Start, Shutdown 20/sec
R CE., Valve Verification AR,
] ~ FI [O0xid. Purge CK., Valve AR,
PhePBSVo 1 0-2000 PSZA | 4+0,5% F.6. in 1 sec| D |GHe,B802 { P-13-ME( C Start, Shutdown 20/sec
M S;:art, 5/8, Shutdpwn 20/s2c
T Start, Shutdown 20/ sec
R CE, Valve Verification AR,
FL |Preb. Purge GE. Valves A.R.
PPS 1 0~1500 PSTA +1.5% < LOHZ D GEe ,GNa |P-~14-ME c Start, Shutdown 20/gec
M,T [Start, 5/5, Shutdown 20/ sec Staxt Monlitor
R Start, Load, Purge E.G.
FI |Purge Select Valve No-Go |A.R.
Phs 2 Hot Available 1087 D |Hydraul, [P-15-ME | C Start, §/5, Shutdewn 20/sec
M,T |Start, 5/5, Shutdewn 20/sec
R |Preflight E.0.
FT {Gimbal Failure AR, '
Pha 2 Hot Available 10HZ n GH2 P-15-ME | G Start, 5/8, Shutdown 20/sec
M,T |Start, S5/S, Shutdown 20f/zec
R Preflight E.C.
FI |(Gimbal Failure AR,
PGAP 1 Wot Available 10HZ D |Hydraul,|P-15-ME | M Start, 5/8, Shutdown 100/sec
T 5/8 100/ gac
FIL |FPitch Gimhal Failure AR,
APGAY 1 Not Avallable 10HZ D (Hydraul.|P-15-ME Start,5/5, Shitdown 100/ sec
i T 5/8 160/ zec !
FI jYaw Gimbal Faflure AR,
APHE 1 Not Available 10HZ, D |Hydraul [P-15-ME [ M,T {Start,S/3, Shutdown 100/ sec
FI |Filter Fallure A.R. _
PoHPTPA(S2) ¢ 1 0-8000 pPSia 5% 10-20 Bz b L0O2 P-8-ME | ¢ Start, 5/8, Shutdown 100/sec ¥ Back-up M.R,
M [Start,8/5, Shutdown 100/ sec
FI |FMOPB Qut-DE-Limits
and per FMEA, AR \
- 1
% Per Engine #% See Main Eneine Data Rate Analvsis. Tahle Two?



EOLDOUT FRAME |

TABLE A-l (Cont.)

FOLDOUT_ FRAME 2
A-13 and A-14
(Continued)

OCMS MEASUREMENT UIREMENTS
SUBSYSTEM: I.l, 4.1 Main Engine
IDENTITY * ALLGW, RESPONSE FLUID . MEAZ, DATA IW ];;!*TA ‘ LIU
CODE QTY, | RANGE & UNITS ERROR RATE MIG, MEDIA TYPE USE TIME OF DATA AGTIVITY RATE RATE 0. REMARKS
PoHETPA(SI}d | 1 |0 5000 PSTA [40.5% | 10-20 nZ ) L02 . {P-8-ME | C |Start,5/8, Shutdown 100/ sec Eng. Comt. |Backup M.R.
M Start, 3/8, Shutdown 100/sec
FI FoMCCEFMe Cut-0f-Limit
b and per FMEA AR,
TeFTB 1 |460-2200°% | 43%F 0.5 sec 1 7/[ D [Hot Hy |T-16-ME Start,s/§, Shutdown 20/sec
T s/s 20/sec
FI |PcMCC Out-Cf-Limit
and per FMEA A.R.
TeOFR 1 | 460-2200% +3% 0.5 8ec 1 T/C| D [Hot HZ |[T-16-ME | M  |Start, §/%, Shutdown 20/ sec
' T |s/s 20/sec
P1 |PeMCC Oute-OE-limit )
and per FMEA AR,
ToPBFMo 1 | 160-260°R | 40.6°F [ 0.5 sec L T/C! D 102  |P-17-ME Start, /5, Shutdown 20/ sec MR,
r 5/5 20/ sec
Start, 5/5, Shutdown 20fsac
FI |FMOPB Out=0f-Limlt AR,
TELETEAs 2 | 30-50°R 4+0.3%F [ 0.5 sec 1 T/C| D A2 |r-17-ME [ ¢ |seare 20/ sec Start Analysis
M Start, §/8, Shutdown Zb/sec
R Propellant Load E.0.
FI |PELPTPAA Qut-0f-Limit
and per FMEA AR, _
TEFES, 1 |30-50°R +0.3°F [0.5sec1/c| b |[1E2  [r-17-mE [ ¢ [prestace 20/sec
M,T |Prestart 20/sec
ToMCCFMo 1 | 160-260R +0,6°F (0.5 see 1T/ | D .| 102 |r-17aE | ¢ [Stace, 5/S, Shurdown 20/sec M.R,
P s/S |20/ see
M Start, 5/8, Shutdown 2/ see
FL FMOMGC Out=0f-Limit AR,
TEFPBL 1 | 100-300% +0.6°F | 0.5 see 1L T/C} D u2 T-17-ME | ¢ [Start, 5/S, Shutdowm 20/ sec MR
M Start, S/85, Shutdown 20/sec
P 5/8 20/sec
Fi |PcFPB Out-Of-Limit
and per FMEA AR.
TEOPBL 1 |[100-300°R +0,6% [ 0.5 sec 1 T/C{ D uz T-17-ME | ¢ lstart, §/S, Shutdown 20/sec , L Back-up M.R.
Start, §/8, Shutdown 20/ sec
FI PcOPE Qut-0f-Timit
and per FMEA A.R.
%% Goc Maln Engine Data Rate Analysis, Table IV-2

#* Per Engine




goLoouy rramg | FOLDOUT FRAME £
- A~15 and A-l6
. TABLE A-1 (Cont,} (Continued)
OCMS5 MRASURFMFNT REQUIREMENTS
SUBSYSTEM: L+1> 4.1 Main Engine
IDENTITY * ALW. RESFPONSE + | FLUIWY MEAS, DATA H Ibﬁ'ﬁ% D?.'}.‘A t DEU '
CODE QTY, | RANGE & UNITS ERROR RATE MIG. MEDTA TYPE USE TIME OF DATA ACTIVITY RATE RATE 0. REMARKS
ToLP TP As 160-180°R +0.6°F | 0.5 ses L T/G| 3 L02 T-17-ME | G Start 20/sec |Eng. Cont. [Start Analystis
M Start, $/8, Shutdown 20/gec
R Propellant Load E.C,
FL POLPTPAd Out-0f-Limit
. and per FMEA AR,
TEFMV o 30-300°R +2°F 0.5 sec 1 T/C| D TH2 T-17-ME | M |Pre-Start, Post-Burn 20/sec
FI |Fuel Main Valye LK,
or Autog. CK Valve LK. A.R.
ToOMVo 160-350°R +2° 0.5 sec 1 T/¢| D 102  {r-17-E |M  |Pre-start, Post-Burn 10/sac
FL Leakage Detected AR,
FI |Oxid. Main Valve Lk.
or Autog. Ck. Valve Lk, A.R.
TeNCV4 30-300°R +2°7 0.5 sec L T/c] D LH2 T-17-ME |¥  [Prae-start, Post-Burn 20/sec
FI |Nozz. Ceal. Valve Leak. A.R.
LFMV(A) 0~100% +1.0% F.S. in O.4sec CE - [PH-18-ME [ T Start, Shatdown 100/sec !
? Start 100/ see
LOMY (A) 0-1007% +1.0%. F.S5, in 1.0 zeq CE - [PN-18ME | T Start, Shutdowm 20/ sec
P Start 20/sec
T.OPBFCY (4) 0-100% +1.0% | 10HZ Resp. CE -  [PN-18-ME [ C  |3tart, 8/5, Shutdowm 100/see
L Start, 5/5, Shutdown 100/ sec
T Start, 5/S, Shutdown 100/ zec B
P Start 100/ zec
LOPEOCY (A) G-100% +1.0% 10107 Resp., CE - PN-18-MFK | ¢ Start, S/8, Shutdown 100/gec
M Start, 5/S, Shutodwn 100/ gec
T Start, $/5, Shutdown ‘(100 sec
P |start 100/sac
LEPBOCV(A) 0-100% +1.0% 10HZ Resp GE - [PR-18-MF | C Start, 5/5, Shutdown 100/ sec
M Start, 5/8, Shutdown 100/ sec
T Start, 5/8, Shutdewm 100/ sec
P Start 100/sec
LORSV{A) 0-100% +1.0% F.é. in 1 sec | CE - P-18-ME | Start, Shurdeoun 20/ aec
B B iStart 20/ sec
LIRSV (4) 0-100% +1.0%  [F.S. 1o 1 sec | <CE - PN-18-% (1 [start, shutdown 20/5ec
! P Start 20/ sec
LFRGV(A) 0-100% 11.02 |F.5, dn 1 sec| CE - PN-18-ME| 1 | Start, Shutdown 20/8ec
- CE . P [ftart 20/ sec
LGAY(A-) lth-O—lOO'?u +1.0% 10HZ Resp CE - PN-18-ME Malnstage 100/ sec Y

% Per Englne

#% See Maln Engine Data VRate Analysis, Table IV-2




FoLDOUT FRAME.

TARLE A~1 (Coat,)

FOLDUUI FRAME -2

A-17 and A-18

OCMS MEASUREMENT REQUIREMENTS - {Continued)
] SUBSYSTEM: 1.1, 4.1 Main Engine
M A DATA lé{éfbjfpﬂffl' Sfm DIV
Imggg;n QTY. | RANGE & niTs | ALLOW Rt MTG. fégﬁ’ ﬁ‘;g Use | TRME OF DATA ACTTVEITY Yo At o REWARES
LGAP (A) i 100~0-100% +1.0% LOHZ Resp. CE - EN=-18-ME| T Mainstage 100/sec Eng. Cont,
TEN{A) 1 0-100% +1,0% | F.S. in & sec| CE - PN-18-ME| M Pre-Start, Post-Burn 20/ see Orbiter Oely
) T 5/8 20/ sec
LEMV (D) 2 On/Off 48 - CH - Jen-19 | © Start, Shutdown E.O.
’ R Load & Purge E.D '
FI |PEFPBi and PfoFmi ;
Ho-Go AR,
LMY (D) 2 On/Off 4ME - CE - PH-19-ME Start, Shutdown E.C.
R Load & Purge E.C.
FI [PeMOC No-Go AR,
LOPBFCY (D) 2 |.onfoff LMC - CE - PH-19-ME| G Start E.Q,
Laad & Purge E.O,
i FIL |PcOPB No-Go A.R.
| LorBoay (D) 3 | onfoss fMs - CE - PN-19-Mi| € |Starc 5.0,
Load & Purge E.0.
FI |PcOPB Ko-Go AR,
LEFBOGY (D) 7 | On/Off M5 - CE - PN-319-MF Start E.0.
R Load & Purge E.O,
FI |PcFPE No-Go AR,
LORSY(D) 2 On/GEf 4M8 - CE - PN-19-ME Stare, Shutdown E.O.
R |Load & Purge E,0.
FI |PoLPTPAd Fo-Co AR,
LFRST (1) 7 |onjors e - CE - PN-19-3E| ¢ |Start, Shutdown E.0.
R Load & Purge E.0,
FI |PELPFIPATL No-Go AR,
LFRCV (D) 2 On/Off 4MS - CE - PR-19-ME | G Start, Shutdowm E.0
Load & Purge ‘IE,0,
FI |TFRL No-Go AR,
LIOVCEPE (D) 2 Onf0EE - 30-50 MSEC CE - PN-19-ME| ¢  |Start, .Shutdown E.0.
Load & Purge E.C.
FI |OFB Igniticn Fallure 1A.R.
. Start E.0. Compute oper. time
LIOVEPE (D) 2 Cn/ofs - 30-50 MSEC CE - PN-19-ME Start, Shutdown E.O, Y
Load & Purge E,O,
FI |FPB Ignition Fallure AR,
- T Start E.O. Compete oper. time
Per Engine %% BSee Main Enpine Date Rate Andlvsie. Table IV-2 T




TABLE A-1 (Cent.)
OCMS MEASUREMENT REQUIREMENTS

FOLDOUT FRAME 2.
2-19 and A-20
{Continued)

SUBSYSTEM:__1.1, 4.1 Main Engine
=%
OB QTy, | RANGE & WNITS alons | RESEORSE e TN .| s | DA™ 1ne or nam acriviTy Igﬁf];‘w e ﬁg? EEMARKS
LIOVMEG (D) 2 On/OfE - 30-50 MSEC CE - PN-19-ME | C Start, Shutdown E.O. Eng, Cont,
. R Load & Purge E.0.
FI IMCC Ignition Faillure AR,
Start E.Q, Compute oper, time
LPOPSV (D) 1 On/Off - TRD CE - PN~19-ME Start, Shutdowm E.O.
R Load & Purge E.O.
FI [FhePB&Vo No-Go 4.R.
) Start, Shutdown E.O, Compute oper, time
LMOBSV (D) 1 | oxforE - TED ce - |en-19-ME Start, Shutdown E.O.
Load & Purge E.0,
FT |Phe0TECVLI No-Go AR,
by . - E. 0. Compute oper, time
LMFPSY (D) 1 | onjoff - - T8D cE - - [PN~19-ME Start, Shutdown E.0.
B Load & Purge E.O.
FL |PheFTPCVL No-Co AR,
Start, Shutdown E.0. Compute oper, time
LESCPEV (D) 1 OnfOff - TBL CE PN-19-ME Pre-Load E.C.
4 Pre-5tart, Purge E.Q,
W Closure During Sys. Oper. 1A.R, Flight Safety
] FI  |[PheHPOTP4 No-Go AR,
LESPSV (D) 2 On/OfE - TBD CE - PN-19-ME | R |Pre-Toad E.O. -
Pre=Start E.0.
FI |PoLPTPAs and PELPTPAs
] OQut-0£-Limits AR,
LESV (D) 2 On/Off - TBD CE - FN-19-ME{ R |Pre-Load ‘[E.0. -t
[H Pre-Start E.O.
FI |PPS No-Go AJR-
TENGY (D) z | onfofsf - TBD CR - |PN-19-ME| ¢ |Start, Shutdown E.0. : Orbiter Only
' R Load & Purge E.C. .
FT TENGY No-Ga AR,
T .Start, Shutdown E.Q. Compute opex, time
LENA(D) 2 On/OEE - TED CE - PN-19-ME | G Start, Shutdown E.0. Otbiter Only
LENE (D} On/OEf - TRD CF - PE-19-ME{ ¢ |start, Shutdown E.O, Orbiter Only
LENC(D) on/Off - B B PN~19-ME | C Start, Shutdewm E.0. Y Crbiter Omnly
ﬁn« Wrisdma L Qaa Madn Trnadma Motin Debs AacaTlarad = L




FoLpouT FRAME ]

TABLE &-1 (Cout,)

OCMS MEASUREMENT REQUIREMENTS

FOLBOUT FRAME £

A-T] and A=22
{Continued

. SUBSYSTEM: 1.1, 4,1 Main Engine

* TNTERNAL £
eI QrY, | RANGE & wniTs | ATROF. | RESRONSE wro, | FLUR | MEAS. | DATA] yis oF pama scriviTy SEELE g e REMARKS
LENLA(D) 1 On/Of£ - CE - PN-19-ME| € [Btart, Shutdown E.O. Eng. Cont. |Orbiter Oniy
W 2 or More Locks Fail AR, Flight Safecy
T |Start, Shutdown E.Q.
FI |LENA Ne-Go - AR,
LENLB () 1 on/Off - CE - PH-19-¥ME{ C |Start, Shutdown F.0. Orbiter Only
2 or more locks f£ail A.R. Flight Safety
T Start, Shutdown E,0,
FI JLEMB Jo-Go AR,
LERLG{D) 1 On/Off - CE - = FN-19-ME| Start, Shutdown £E.D Orbiter Only
2 or more locks fail AR, Flight Safety
T |Stazt, Shutdowm E.O,
FI |IENC HNo-Ge A.R.
LNLP (D) 2 0/ 0EE - CE - PN-19-ME| € ({Start, Shutdown E.0.
' W |Lock Failure 4.R. Plight Safety
T |Start, Shutdown %.C.
FI |Lock Failure A.R.
LNLY (D) 2 On/O£f - CE - PN-19-ME | G [Start, Shutdowm £,0.
Loek Failure AR, Flight Safety
4 T |Start, Shatdown E.0.
FI |Lock Failure 4. R,
IiMcC 1 TRD +5% < 10M8 - - CU-24-ME] M {Start 20/sec
T |Start 20/sec
FI [MCC Tgnition Failure AR,
TIOPB 1 TBD +5% < 10M3 < - CU-24-ME| M |Start 20/ aac
T |dtart 20/sec
FI |OPE Ignition Fallure AR,
TIFFE L TBL +5% < 10MS - - CU-24-MF, Start 20/ see
T |8tart 20/sec
FI [¥PB Ignition Failure AR,
NLPFTPA 1 |0-10K EPM +1% F,5, in 2 sec | CE - |sb-z4-E Start, 5/8, Shutdown 20/ sec 3
P |Start 20/gec Start Analysis
FI |-PLLPTPAd Qut-Of-Limit
and per FMEA A.R.

% TPer Engine

%% See Mair Engine Data Rate Analysisa, Tehle

V-2




FOLDOUT FRAME

FOLDOUT FRAME | A-23 snd A-24

TABLE A~1 {Cont.)

OCHS MEASUREMENT REQUIRFMENTS (Continued)
R , SUBSYSTEM:_1,1,4.1 Main Engine
TOENTTTY % ALLOW. | RESPONSE FLUID | MEAS. | DATA R PATA DIV
CODE QTY, | RANGE & UNITS ERROR RATE MTG, MEDTA - TYEE USE TIME OF DATA ACTIVITY RATE RATE| ¥0. HEMARKS
NHFFTPA 1 0-30K RPM +14 F.5, in 2 sec | GE - SP=-24-ME| M |Start, §/S, Shutdowm 100/ sec Eng. Cont,
. T |S/s 100/ zec
P |8tart 100/ sec . Start Analysis
FI |PEFPRBL and PFOPBY OQut-Of-
Limit & Per FMEA AR,
HLFOTPA 1 |0-4000 RPM +1% F.S. in 2 sec | G - SP-24-ME| M |Start, S/S, Shutdown 20/sec
Start, S/s . 20/sec Back-up Flow
P |Start 20/ sec Start Analysis
FIL |PoLPTPAd Out~0f-Limit
and per FUEA AR, i
WHEPOTPA 1 0-20K RPM +1% F,8, in 2 sec | CE - SP-24-ME M |Start, 8/85, Shutdown 100/ zec
T |8/8 ) 100/ sec
P 18tart 100/ s Start Analysis
- C |Start, 5/8 100/ sec . Back-up Flow
F1 |PoHPTPAd Qui-0f-Timit
and pex FMEA A.R.
ALPFTRA 2 TED TBD TBD CE | - V-20-ME|{ M |Malnstage . L0G/sec
FI |'TP Bearing Wear 100/sec
T |s/s ' 100/sec
R ) A W Impending TP Failure AR, . Flight Safety
AHPFTRA 2 TBD TBD TBD CE - V-20-ME | M Mainstage 100/ sec
N FI TP Bearing Wear 100/ sec
T '3/8 160/ sec
W Impending TP Failure AR, Flight Safety
ALPOTRA 2 TBD TRD TED CE - V-20-ME | ¥ |Mainstage | 100/sec |
W Impending Fallure 100/ sec Flight Safety
¥I [|TP Bearing Wear 100/ sec
T 3/5 100/ sec
AHPOTRA 2 TED TBD ™D - GE - W-20-ME | M [Mainstage 100/ sec
' W Impending TP Failure 100/sec . Flight Safety
T - |s/s 100/ gec
T |IP Bearing Wear 100/sec
FMOPB 2 150 Ibs/sec WO0.75% 10HZ ] o2 F-24-ME | C Start, 5/8, Shutdown 100/gec ' Y M.R.
P 8/s 100/ sec
FI |PoPBFMo Out-Of-Limit .
and per FMEA AR,

* Per Fneine #*%  fae Main Enefne Nats Rate AnaTwaie Tshla TU_0




FGEDOUT FRAME "2

A~25 =nd A-26
TABIE A~1 (Comt.) (Continued)

FOLDOUT ERAME |
) OCMS MEASUREMENT REQUIREMENTS

SUBSYSTEM: 1.1, 4.1 Main Engine

— TNTER e
BT | guy, | waves & s | 200, | RSPON® o o | omas |0 g or e sorrynny I 0. RIDARKS
FMOMEC 2 800 1bs/seec H0.75% 10HZ D L0z F-24-ME | € Start, 5/5, Shutdown 100/sec Eng. Gont,
P S8 100/ sec
PI |PeMCC Out-Of-Limit
and per FMRA AR,
DIOPR 2 . TED B 5M8 D [Hot B2 |p-229E [ ¢ |5tart E.O.
OPB Lgnition Failure AR, Flight Safety
FI QFB Ignition Fajflure AR,
7 Start E.QO,
DIFFB z TRD TED 5MS D Hot H2 [D-22-3E | C Start E.D,
FPR Tgnition Failure AR, Filght Safety
| FI  |¥PB Ignition Failure AR,
Start E,C.
DIMCC 2 TBD TBD 5MS ] Hot HZ [P-22-ME { C [Start E.0.
’ W [MCC Igmition Faillure A.R. : FPlight Safery
FL [MCC Ignitiom Failure AR,
Start E.0,
QhHSR 2 0~100% +2% ‘TBD 1D Hydr, |Q-24-ME | © Start, §/3, Shutdown 20/sec
' M Start, 5/5, Shutdown 20/gec
FI |PhS Out-Of-Limits AR,
FMOPBhe 1 0.1 1b/sec 45% 5 M8 F.S. D GHe,G02 [F-23-ME | ¢ Start, 5/5/,Shutdawn E,0,
T Shutdown E.0.
FMFPBhe 1 0.1 Ib/sec | +5% 5 M3 F.§. D GHe,G02 [F-23-ME | C Start, 3/8, Shutdowa E.0. ¥
’ 4 [Shutdown E.0.

# Per Engine #* See Main Engine Data Rate Analyais, Table IV-2



FOLDOUT FRAME | CaSLE At Gonty _ FOLDOUT FRAME 2

A~27 and A-23
OCMS MEASURFMENT REQUIREMEMTS . -
SUBSYSTEM:I,Z Boogt. Main Prop.Memt,

DN QTY. | RANCE & TNITS | ALUOT: | TEEPOTSE WIS, | Ty | s’ | oss | VO OF DATA acrryiry | SACLE g o REMARKS
Pol-1 2 0-50 PSIA | +2 PSIA| 20 P5I/GHe D Goz,GHé P=1 G 102 Pressurization 10/gec T-1 (A&B) Ullage
R Load & Purge AR,
M,C | Main Englue Burn, Shutdow 1/gec
M Ferry, MPS Secured KEGI.,
Tol-1,2 4 0-100 PSIA |45 PSIA| 20 PSI/sec D Loz P-2 B | toad & Purge AR T8,9 (4G8)
F¥ Low Engine Thrust AR
PoF-1 2 _0-100 PSIA |45 PSIA| 20 PSIfsec D | Lo2 B-3 R | LO2 Load i AR, I-11 (ASE)
Fi | Slow LO2Z Fi1l AR,
PET-], 2 0-50 P5I4 +2 PSIA| 20 PSI/sec D GHZ,GHe | P-1 C LHZ Pressurization 10/sec T-2 {ASR) Ullage
R Load & Purge AR,
M;C § Malp Engine Burn, Shutdown| 1/sec
M Ferry, MPS Secured NEGL.
PEF-] 2 0-100 PSTA |35 PSIA| 20 P5I/sec D | LHZ P-2 R | LH2? Load AR, L-21 (AR}
- Fr | slow LHZ Fill AR,
ToT-1 2 0-700°R +5°R 20°R/sec D | Goz,cHe| T-2 R | Load & Purge A.R, T-1 (45B) Ullsge
FI | PoT-1 Out-0f-Limit A.R.
System Active 1/sec
ToL~1,2 & 0-700°R +35°R 20°R/sec D | 1oz T-2 R | Load & Purge AR, ] L-8,9 (A68}
) ' FI | PoLel,? Out-Gf-Timis A.R,
TEP-1 2 0-700°R +5%% 20°R/zec D | GH2,GRe| T-2 R | Load & Purge AR, ' T-2 (ASB) Ullage
FL | PET-1 Qut~0f-Limit A.R,
M Bysten In Use 1/sec
T£F«1 2 0-700"R +5°R 2098 /sec D 1z T-2 R Logd AR, Downstream V-19 (44B)
FI | P£F-1 Out~0f-Limita - AR '
QaT-1, ' 2 c/u +0.13" 0.001 sec D | 102 -1 ¢ | oz road ‘| 10/see . T-L{ASB) Bottom
’ G Main FEngine Burn 10/8ec , Aftar QoT-2 Uncovera
QoT-2 2 c/u +0.13" 0.001 sec D o2 -1 [ L0OZ Load | 10/sec T-1 (A&B) Middle
G Main Engine Burn 10/gee
B Load AR,
QoT=3 2 c/u 40,137 0.001 see ] L2 L-1 [ L02 Load 10/gec Tl (ASB) TOP
. R | Load ’ AR,
QfT-1 : 2 c/u +0,13% 0.001 sec b} LH2 L~1 c 1A2 Load 10/sec T-2 (ASB) Bottom
4 Hain Engine Burn 10/sac : After QfT-2 Uncovers
"R | Load AR. '
QFT-2 2 ¢/u 40,130 0.001 see D | 1Az L-1 ¢ | 102 Load 10/sec T-2 (ASB) Middle
C Main Engine Burrn 10/8ec
R Load AR,




FOLDOUT FBAME *

TABLE A-1 (Cont.)
OCMS MEA SUREMENT REQUIREMENTS

FOLPOUT FRAME L

A-29 and A-30

SUBSYSTEM: 1.2 Beost, Main Prop. Mgmt,

mn;;grf OTY. | RANGE & UNITS g;ﬁgg' KESrONSE e, gjgg ﬁ;g gﬁ"" TIME OF DATA ACTIVITY S‘g‘y gﬁ;‘: gé‘f REMARES
0FT-3 2 c/u £0,13% | 0,00l sec 7 a2 -1 ¢ | IB2 Load "10/3ec T-2 {AEB) TOP
R | Lo=d AR,
LOF= (17} 14 0/c - 0.5 sec CE - PN-2A R | Per Poa. Status List AsRa V-{77-83) A&B
FL Low Engine ':[‘hrust AR,
TOIV-1, 2 4 0/c - 0.5 sec CE - PN~2A R Per Pos. Statuws List AR, V~1,2 A8B
Fi Improper Fill Rate AR,
FE Low Engine Thrust AR,
LOVV-(1-4) 8 o/c - 0.3 sec (&4 - PH-2 R | LDZ Load & Purgs E.0. ¥-(3-6) ASB
FL PoT-1 Out of Limit AR,
LOFV~-1 z o/c - 0,5 sec CE, - BN-24 E ! LO2 Load & Purge E.0. V-7 ASH
FL Improper Fill Rate AR,
LETV-(1=7) 14 0/C - 8.5 sec CE - PN=2A R Per Pos. Statug List AR, V-{B~14) ASB
FL Loy Engine Thrust A.Re B
LFUYw (L4} 3 0/c - 0.3 see CE - PN-2 R IH2 Load & Purge A.R. V~(15-18) ASB
FI PET=1 Qut off Iimita AR,
1EFV-1 z afc - 0.5 sec CE - FH~2A R LH? Load & Purge AR, Tn19 AGE
) Fi | Improper Fill Rate A.R,
LOFC-1 2 o/c - - CE - PN-3 R | LO2 Load & Purge E.0. Crl ASR
‘ Fr | PeFel Out of Limits AR, i
Lac-1,2 & 0/ - - CE - PR-3 R LOZ Recireulation E.0. Cm2 AGB
FI | PgRL-1l Out of Timits ARy
TFVC-1 2 o/c - - CE - PN-3 R LHZ Load & Purge EoC. C=-3 A&B
FI | PET=1-Out of Limits AR, '
IFFC-1 2 o/c - - CE - PN-3 R | IH2 Losd & Purge ,0, C-5 ASB
¥1 PEF-] Out of T.imits AR,
YoP-(1-7) 14 0/ 28vne +20% - - - BX-1 FL LOP-{1-7) No-Go AR, ¥-(77-83) ASB
VOLIV~1,2 0/ 28VTC +207, - - - EX~1 FI | LOIV-1,2 NonGa AR, v=1,2 ASH
VOV~ (1-4) 8 0/28VIC 4209, - - - EXw=] FI_ | LOVY~(1-4) Ho-Go AR, Y-(3~6) ASB
VOFV-1 0/28vac +207 - - - EX-1 FI | LOFV-1 No-Co AR, : V-7 AsB
VFIV-{1-7) 14 0/ 28VDC 190 - - - EX-1 FI | LrIy-~(1-7) Ho-Go AR B ' V-({8~14) ASB
VEVV={1=4) 8 0/28vDC +20% - - - EX-1 F1 | IFyW=-(1-4)} Ho-Go AR, V-(15~18) A&R
VEFV-1 z 0/28VDC +207 - - - EZ~1 FI | IFFV-1 No-Go AR, V=19 AsB
PpRL~1 2 0-200 PSTA +2 PITA 20 P8T/zec D |[LOZ2,GHe =3 M LOZ2 Load L/sec L=12 A&B
R Load & Purge ARe
1




FOLDOUT FRAME 7 FOLDOUT FRAME 2
TABLE A-1 {Comt.} A-31 and 4-32

OCMS MEASUREMENT UIREMENTS

SUBSYSYEM: 1.2 Boost, Maln Prop. Mgmt,

DI ory. | RANGE & miiTs | pLo). | FESPONGE wre, | ph0TY | MEAS. | DATA) romm or paTA AcTIvITY et By Eg‘f REMARES
PoS-{1~7) 14 | 0=-200 PSIA +2 PSIA[ 20 PSI/sec D Loz P-3 R Load & Purge F,0. L-(1-7) A58
M Engire Operatiang 1/zec i
FI |PolPTPAs Qut~0f-Timit AR,
PE5-(1-7) 14 | 0-200 PSIA +2 PSIA} 20 P8I/sec D LHZ2 P-3 R Load & Purge E.O. L-(13-19) AsR
M Englne Operating 1/aec
F1 JPELPTPAs Out~Of-Iimit AR,
Tos-{1-7) 14 | 0-606°R +5°R 20"R/sec D 102 T-2 R [Load & Purge E.O. Tw{1-7) 4ER
M Engine Qperating 1/sgec
FI ToLPTPAs Out-0f-Limit A.R. -
T£S-(1-7) 14 | 0-600%k +5% 20°R/sec D TH2 T-2 R Load & Purge E.0. Le(13-19) ASB
M Logine Operating 1/sec
FI |TELPTPAs Out-Qf-Limit AR,
TgO=(1=7) 14 | 0=700°R +5°) 208/ sec ) GOZ T-2 ¥ |Epgine Operating 1/zec Autogenous Interface
FI [ToT~-1 Out-0f-Limit AJR.
TpF-(1-7) 14 0-700°R j;_SUR 20°R/sec a GH2 T2 M Engine Operating 1/gec Aunteogenous Interfaes

FI |TfT-1 Out-0f-Limit AR,




TABLE A-1 {Cont.)
OCMS MEA SOREMENT REQUIREMENTS

A-33 and A-34

SUBSYSTEM:_ 1.3 Rocgter Main Prems.

ID§§§§“ QTY. | BANGE & WNITS | ALLOV- RE;},:%ESE wre, | 0T If{%é 3‘;1?’ TIME OF DATA ACTIVITY SQAME’E ﬁ%ﬁ Eé‘_’ REMARKS
Pgo=8 2 0=1200 PSTA | +10PSIA| 500 PSIL/sec D en2 P64 R Main Engine Operation AR, Upstream F-1, ASB
’ Fi | Pol-1 Qut~0f-Limits AR,
Pg0-9 Z 0-120¢ PSIA [+10 PSIA| 500 PSI/sec D G0o2 P-6A R Main Engine Operation AR Downstresm F-1, AR
FI PoT-1 Out~Qf~Limits AR
Bp0~10 2 0-1200 PSTA [+10 PSTA| 500 PSI/sec | D @02z | p-6A 8 | Main Engine Gperation AR, E-2%, ASB
. FI PoI=l OQubtnCf-Timits AR,
Pghi-8 2 0-1200 PSTA [+10 P8za| 500 PSE/sec D GHZ BrBA R Main Engine Uperation AR, Opstresm F-2, A&H
] FL | PET-1 Out-0f-Limits AR,
Pg¥-0 2 0=1200 PBIA [+10 PSTA| 500 PSIL/sec D . GHZ P-BA R Main Engine Operation AR, Dovmstream F=2, ASR
FI | PET=1 Out~0f-Limits A.R.
TgF-~10 2 0-1200 PSTA {10 PSI4[500 PSI/sec D GHZ | P=6A R | Main Eogine Operation AJR. L-23, ASR
FI PEI-1 Out~0f-Limits AR,
LOPCV-1,2 4 0/c - 0.5 sec GE €02 PN=24 R Per Pos. Status List AR, V-20,21 ASB
] FI | Polwi Out-Of-Limits AR
1TPCY-1,2 4 o/c - 6.5 see CE Gaz | BN-2A R | Per Pos. Status List ALR, V22,23 AGH
FI PEP-1 Out-0f-~Iimits A.R.
LHG-3,4 & (8744 - - CE |GH2,GHe | PN-3A R Load & Purge k.0, Cefy, AGB
FI PET~1 Out~Of-Limits AR,
LHC-5,6 4 .0/G - - CE [G02,GHe | PN-3A R Load & Purge E.0. Cub, ASH
: FL PoT~1 Qut~0f-Limits AR,
VOFrCV-1,2 0/28VDC iZOi"'a - - - EX-1 FL LOFCV=~1,2 No-Go AR. V-20,21 A&B
VEPCVwL1,2 0/28vDC r-20% - - - 'EX~1 FI LFPCV-1,2 No-Go AR, V~22,23 AGB




FOLDOUT FRAME |

TABLE A-1 {Comt,)
0CH3 MEASUREMENT UIREMERTS

FOLOOUT FRAME 2

A~-35 and A-36

SUBSYSTEM: 2.1 Booster RCS Engine

DATA

Rl QTY. | RaNew s uNTTs| AT | RESFONSE wre, | PO | MAS. | DS rom oF pata AgriviTY el o ‘ oy REMARKS
‘Pc-(21-38) 18 0-450 PSTA -2 PSIA {50,000 PSI/sec| D Hot Gas P=d c RCS Engine Start AR, Thrugter~{21-38)
M RCS Epgipe -Burn 20/sec
FL RGE Bugire No=Go A.R,
IBIV-{21-38) | 18 ofc - 0.5 sec CE - PN-24 R | Lead, Purge, Lawmch,Securd A.R, Thruster-{21-38)
FI | Pe=(21-38) No-Go AR,
IMBY~{21=58) | 18 0/c - 0.01 sec CE - PN=-6 R Load & Purge AR, Thruster = (21-38)
R RGS Engine Burn | E.0.
FI Pew{21-38) No-Go AR,
LIOV-{21~-38) | 18 afc - 0,01/sec CE - PH-6 R Load & Purge AJR. Thruater~{21-38)
R RCS Engine Burn EaCa
FL Pe-(2i~38) No-Go AR,
LIFV-(21=38) | 18 ofc - 0,01 sec CE - Pr-6 R Load & Purge AR, Thruster-{21-38)
RCS Engine Burn E.0.
FL Pc~(21-38) No-Go AR.
VBIv-(zi-38) | 18 0/28vpe 4209, - - - EX-1 | FT | IBIV-(21-38) HNo-Go A.R. Thruster-(21-38)
VBV =-(21-38) 18 0/ 28Vne +20% - - - EX-1 Fi LMBV=-{21-38) No=Go AR Thruster-(21-38)
VIOV-(21-38) | 18 0/ 28VD0 +20% - - - EX-1 | FI | Lrov-({21-38) No-Go AR, Thruster-{21-38)
VIFV~{21~38) 18 0/28VnC +20% - - - EX-1 FIL LIFV={21-38) No-Go AR, Thruster-{21-38)
VIT~(21-38) i3 0/28VnC +20% - - - Vo1 R | Launch, Postflight, Securk A.R. Thruster-{21-38)
) FT Ignition Failure AR,
IIE=-(21~38) 18 TBD - - - co-1 FI Tgnition Failure AR, Thrueter-{21~38)




"FOLDOUT FRAME {

TARIE 4-1 (Gont.)

FULLUUI FRAME L.

A-37 and A-38

OCMS MEA SUREMENT UTREMENTS
SUBSYSTEM: 2.2 Boost. APS Prop. Memt.
Ibgggéw QTY, | RANCE & UNTTS é;;g‘;{" RESONSE nre, }Fé'g-g ﬁﬁg . E‘g‘e‘ TIME OF DATA ACTIVITY Sf;TP;E AT EEI_I REMARKS
PoT~2,4,6,8 & 0-50 BSTA * [1,0P8IA0 20 PS%/sec D GOz P=1B M Purge, System Securs 1/sec T=(4~7) Blanket
R Load & Purge AR,
FL Leskage Detectad AR
Fol=3,5,7,9 4 - 0-2000 PSIA WIOPSIA | 1000 PSI/asec 2] Go2 Pu7A 4 System Active 1/aec Tw({4=7) Resupply
Load & Purge AR,
FI | Leskage Detected AR,
PET=2,4,6,8 4 0-50 PSTA H1.0PSIA| 20 PSI/zec D GH2 P=1R Purge, System Sacure 1/sec T-(8-11) Blanket
R Load & Purpe A.R.
FI Legkage Detectad AR,
PFT-3,5,7,0 4 0~2000 PSIA 410 PSIA| 1000 PSI/aec| D caz P=74 € | System Active 1/gec T-(8-11) Resupply
R Load & Purge A,R.
J FT Leakage Detected AR,
Pol-5,8,11,14 | 4 0-2000 PSYA W10PSTA | 1000 PST/sec| D cog P-7A R | Preflight, Postflight E.O. F-(5,7,%,5) Redp,
FT Leakage Detected AR,
FI RCS Feedline PR, No-=Go AR
PfL~356,9,12 1 &4 0=2000 PSIA [10PSIA 1000 PST/sec| D GHZ P-74 R Preflight, Postflight E.C. F-(10,11,8,9) Resp.
) FI Leakege Datected A.R.
FI RCS Feedline PR, Ne-Go A.R.
Poli~4 1 0-800 PSIA K& PBTA 1000 PSI/aec| D GO2 P=6 M RCS/8ep, Svs., Active - 5/sec FFwd RGS/Sep.F'dline,Boom A
’ R Load & Purge AR,
Fr RCS/Sep. Thruster No=Go AR,
PoL~7 1 0-800 PSIA p4 PSIA | 10C0 PSY/sec| D G02 Pufh M Sep. System Active 5/sec AFT Sep F'dline,Boom A
R Load & Purge AJR.
FL Sep.Thrueter No-Go AJR.
PoL-10 1 0-8006 PSIA {4 PSIA 1000 PSIfgec| D Go2 P-6 M RC3 /Sep. Sys. Active — 5fsec Fwd RCS/Sep. F'dline,BoomB
R Load & Purge A.Re
FL RC5 /Sep. Thruster No-Go AR,
Pol~13 1 0-800 PSIA |4 PSTA | 1000 PSE/sec| D GOz P-6 M | Sep. System Active 5/sec AFt Sep, F'dline, Boom B
R Load & Purge AR,
FI Sep. Thruster Ne-Go AR,
PiL-2 1 0-800 PSTA W4 PSIA | 1000 P8I/sec| D GH2 P-§ M | RCS/Sep. Sys. Active 5/sec Fwd RCS/Sep F'dline, Boom 4
R | Load & Purge AR,
¥I RCS/Sep. Thruster No-Go AR,
PEL~5 1 0-800 PSTA {4 PSTA 1000 PSI/sec] D GH2 P-b Sep. System Active 5/sec Aft Sep.¥'dline, Boom A
R Load & Purge AR,
FI Sep. Thruster Ho-Ge AR,
_.I




FOLDOUT ERAME |

TABLE A-1 (Cont,)

FOLDOUT FRAME 2

£-39 and A-40

OCMS MEA SUREMENT REQUIREMENTS {Continuad)
- SUBSYSTEM: 2.2 Boost. APS Prop. Mpmt. —
IDERTITY QTY, | RANGE & UWITs | pLMOR. | RESPONSE wre, | iU | MAS. | DATAl rrve oF pams AcraviTy SANPLE DATAL oy REMARKS
o g8 1 0-800 PSTA #4 PSTA 1000 PSL/gec | D GE2 Bb M BGS /Sep, Sys. Active 5/sec Fud I.{?JS/SepF'dline,BoomB
R Load & Purge AR,
FL BC8/Sep. Thruster No-Go AJR.
PHL-11 1 0-800 PSIA {4 PSTA 1000 PST/sec| D GH2 P=6 Sep. System Active 5/sec ! Aft Sep,F'dline, Boom B
- Load & Purge AR,
F1 Sep. Thruster No-Go AR,
Pol-3 1 0-50 PEIA {1 PSTA 20 P8I/sec D G02 P14 M Purge, System Secure 1/sec Fwd RCS/Sep, F'dline, Boom A
R Load & Purge AR,
FI Leakage Detected AR,
PoL-f 1 0-30 pPSI4 1 PSIA 20 PSI/sec D €02 P-1A Purge, System Secure 1/sec Aft Sep. F/dline, Boom A
R Load & Purge AR, .
FI~ Leakage Detected AR,
Pol.~9 1 0-50 PSTA {1 PSIA 20 PS1i/sec D z02 P-1A M Purge, System Sacure 1/sec Fwd 303 /Sep, F'dline, Boom B
R Load & Purga ALR.
FI Leakage Detected A.R.
PoL=12 1 0-50 PST4 1 PSIA 20 PSIfsec B G02 Pels M Purge, System Secure 1/sec Aft Sep.F'dline, Boom B
R Load & Purge A.R.
FL Leakage Detected A.R.
PEL-1 i 0-50 P8Y4 {1 PSIA 20 P8I/sec D GH2 P-14 M Purge, System Securs 1/sec Fwd RS /Sep,F'dline,Boom A
R Load & Purge AR,
FL Legkage Detected A.R.
PfL-4 L 0-50 PSIA {1 PSIA 20 PEI/sec D GHZ P-14 Purge System Secure .1/see Aft Sep, F'dline, Boom A
R Lead & Purge AR,
FI Leakage Detected AR,
PFL-7 1 0-50 P3IA W1 PSIA 20 PSI/sec D GH2 PudA M Purge, System Secure 1/sec Fiwd RCS/Sep. F'dline,BoomB
R Load & Purge AR,
FI Leakage Detected A.R.
PEL~10 L 0~50 PSTA H1 PSTA 20 PSI/sec D GH2 P-14 M Purge, System Secure 1/sec Aft Sep, F'dline, Boow B
' R . | Load & Purge AR,
FI Leagkage Detected AR,
TaT~(2~5) 4 0-750° R lE5CR 200%R/zec D G0z T-3 M APS Sys, Active 1/sec T-(%&,5,7,6) Resp.
R Load & Purge AJR.
TET-{2-5) 4 0-750°R +5°R 200%R/sec o GH2 T-3 M AP Sys. Active 1/seec T-{8-11) Resp.
R Load & Purge AR,
LOPV-(1-8) 8 o/c - 0.5 sec CE - PN-24 R T.oad & Purge E.0, Vu(29-36)
R System Secure AR,
#I | Feedlline Press. No-Go AR,




FOLDOUT FRAME 2

FOLPOUT FRAMB TABLE A-1 (Cone.) A-41 and A-42
OCMS MEASURTMERT REQUYREMENTS (Continued)
, SUBSY STHM: 2.2 Boost. APS Prop. Mgmt,
H’gggéﬂ QTE, | RANGE & TNITS | ALTOM. RE;E,?QSE MG, %.gllg ﬁg}?' g‘;g‘“ TEME OF DATA ACTTVITY Sﬁ?E‘E vl I ‘ ggtf REMARKS
LEPV-{1-8) 8 0/¢ - 0.5 sec CE - PN-24 | R | Load & Purge E.0. . V- {37-44)
' R System Secure A.R.
FL Peedline Press. No-Go AR
LOFV-2 1 o/c - 0.5 sec CE - pu-24 | R | @02 Fill, Purge £,0. ' V-89
FI | Fill Rate Wo-Qo, or )
PoT=6,7 No-Go A.R.
IITV-2 1 o/c - 0.5 sec CE - PN-24 | R | @2 F{11, Purge E.C. v-88
FI Fiil Rate No-Go, or !
PET-4,5 How(o AR,
TOFG-2 1 o/c ] - - cx - PN-3 Rk | 802 7111, Purge E,.0, ¢-8
) F1L #1411 Rate No-Go AR,
LFFC-2 1 o/fc - - CE - PN-3 E | GHZ Fiil, Purge ¥.0. - ¢-9
FI | Fill Rate No-Go AR, :
VOPY-(1-8) 8 0/ 28VDG +20% - - - EX-1 [ 7T | 7.08V-(1-8} HNo-Go 4,R, . V-(29-36)
VFEV-(1-8) 8 0/28VDC +20% - - - EX-1 | FI | LFBV-(1-8) Ho-Co AR, | V-(37-44)
VOFV -2 1 0/28VDC +20% - - - EX-1 FI LOFV-2 No-Go | AR ' V-89
VFFV-2 1 0/28vDC + 207 - - - EX-1 FI | 1LFFV-2 No-Go A.R. ; V-88




FOLDOUT FRAME -2

[EOLDOUT. FRAME l TABLE A-1 (Cont.) A-43 and A-b4
QCMS MEASDRFMENT KEGUIREMENTS

SUBSYSTEM:_2.3 Boost.Hydrogen Cond,

e TY., | RANGE & UNITS ‘é;’;gg' RE STONSE wre, | ST iy 3‘;? TINE OF DATA ACTIVITY | “AMTLE ! - | Eé"" REMARKS
Pc-(39-41) 3 0-100% PSIA | +5 PSTA| 50,000 PST/sed D | Hot Gas| P-5 C | Subsys. Start & Shutdown | ALR. G-(1~3)
’ M Subsysten Operating 1/sec
I | PED-(1-3) No-Gao AR, i
PPTL,- (1-3) 3 0-100 PSIA +1 PSTA| 20 P3L/sec D 011 P-24 M Subsyatem Operaticm 1/7 sec PT~{1-3)
R G.G. Prestart E.0. }
PPD-(1-3) 3 0-2000 PSYIA W10 PSIA| 1500 PSI/sec D LHZ P-7 M Subsystem Cperating 1/sec P={1-3)
: R Start-Up . E.O.
FI PIL- (13-19) orx
] PHEG-91-3) No-Go AR,
Te-(1-3) 3 0-2500°R +20°R 200°R/sec D Hot fas| T-7 M Subsys. Uperating 1/gec G-~{i-3)
. FI THE={1-3) No-Go AR,
TBPEm (1-3) 3 0-1300°r +10°% | 20%%/sec D | oil -5 M | Subsys. Cpexating 1/2 sec ‘ PT-(1-3}
' FI | PPD-(1-3) No-Go AR,
QRTL-(1~3) 3 0-g" +.125" [ 12in./sec D 0il 1-2 M Suhaystem Operating 1/2 sec . PI-(1-3)
. R G.G Start-Tp E.0Q.
FI | PPIL-~(1-3) No-Go AR,
WL (1-3) 3 0~100K RPM +500 10K RPM/sec D - 5P-1 [+ Subeys. Start E.O. U-(1-3)
M Subsys, Operating 2/aec | Record Oper. Time
- F1 PED~(1-3} HNo-Go AR,
LECV-(1L-3T) 3 ojc - 0.5 sec CE - PN-2A R Subsya, Readiness CK. E.D. COVu(1-3)
’ ) R Tioad & Purge A.R.
] FI | Pe~(39-41) Out-Ci-Limit A.R.
LGFV-{1I-31) 3 o/c - 0.5 sec CE - PR=2A R Subsys. Readineas CK, E.O, . CEV-(1-3)
R Load & Purge A.R.
FI Pe-{39-41) Out-0f-Limit ‘| A.R,
LEOV-(1-3) | 3 o/c _ - 0.01 sec CE - PE-6 C | Subsys. Start & Shutdown | .0, QOV-(1-3)
R Load & Purge A.R. !
"FI | Pew(39-A1) Out-Of-Limits | A.R. f
LGEV-(1-3) 3 o/C - 0.0L sec CE - PH~6 G Subsys, Start & Shutdown E.O. .  GFV-(1-3)
R Load & Purpge A.R.
FI | Pe-(39-41) Out-Qf-Limit AR,
LIOV-(39-41) | 3 o/c - 0.01 sec CE - PH-6 ¢ | e.6. Start & Shutdown E.0, | G-(1-3)
) Load & Purge AR,
FI | Pe=(39-41) Out~Of-Limit AR,
LIFVE{39-41) 3 ofc - 0.01 sec | CE - PN-6 ¢ | G.@. Start & Shutdowm |} KE.O. ] a-(1-3)
Load & Purge AR, | . ! )
FI | Pc~(39-41) Out-0f=Limit AR, '




EOLPOUT FRAME

TABLE A-1 {Comt,)

CCHS MEASUREMENT REQUIREMENTS

EOLDOUT FRAME 2

H

A-85 and A-4B
(Continued)

SUBSYSTEM: 2,3 Boost.Hydrogen Cond.

DT OTY, | RANGE & UNITS g{;ﬁgg‘ RESrOnSE TG, ﬁ‘gﬁ . gﬂ;‘ TIME OF DATA ACTIVITY S{‘Rﬁ? gﬁ‘é gg[_’ FEMARKS
LFIV=-(8-10) 3 o/c - 0.5 sec CE - PH-2A R Lead, Purge, Pre-Start, E.C. V-90,92,§4
FL | PED-(1-3) No-Go AR,
LPSV=-{i-3) 3 o/c - 0.3 see GE - PN-24 Subsys, Start & Shutdown E.0. ¥-91,93,63
R Load & Purge A.R.
FI | PPR~(1-3) No-Go AR,
LRIV-(1-3) 3 c/G - 0.5 sec CE - PN~24 R Load, Purge, Pre-Start E.Q0. V-46,48,50
FI | PHEO-(1-3) HNo-Gp A.R.
IRPV~{1-3) 3 o/c - 0.5 see GE - PN-24 R Resupply Operation H.0. V=-45,57,49
Load & Purge AR,
FI | PHEO-(1-3) No-Go A.R.
VGUV-{11-31) | 3 0/28YDC +20% - - - EX-1 | FI | LGOV-({1I-3%) No~Go AR, GOV (1-3)
VGFV-(1I-31} 3 0/28vDC +20% - - - EX-1 FI LGFV-(11~3I) HNo-Go A.R. GIFV-{(1-3)
VGOV (1-3) +3 0/ 28YDC +20% - - - EX-1 | FI | LEOV-(1-3)} No-Go AR, COY-({1-3)
VGFV~(1-3) 3 0/28YDC +20% - - - Ex~l [ FI | LGFV~(1-3) No-Go AR, GFV=-(1-3)
VIOT-(39-41) | 3 0/ 28VDC 1207 - - - EX-1 | FI | LIov-(39-41) HNo-Ca A.R. 8-(1-3)
VIFV-(39-41) 3 0/ 28VDe +20% - - - Ex-1 | *I | LEFV=(39-41) No-Go AR, 2-{1-3)
VRV~ (8-10) 3 0/ 28VDG +20% - - - EX~1 | ¥F | LFIV-(8-10) No-Go A.R. V-90,52,94
VESV~-(1-3) 3 0/ 28VDC +20% - - - EX-1 | T | LpSV-{1-3) Ho-Go A.R. V-91,93,63
VRIV-(1-3) 3 0/28VBC +20% - - - FX-1 | ¥I | LRIV-{1-3) No-Go AR, V-6 ,48,50
VREV-{1-3) 3 0/ 28VDC +20% - - - EX-1 | FE | IREV-(1-3) HNo-Go A.R. : Vek5,47,49
VIL-(39-41) 3 0/28VDC +20% - - - vo-1 R Load, Purge, Start E.O, G-(1-3)
FI Start No-Go AR,
VIED-(1-3) 3 TR - - - Vo-2 | FT | G.G, Ignitfon Failure AR, G- (1-3)
ITE-{39-41) 3 TBD - - - CO-2 | PL | G.G. Ignitionm Fallure AR, G~ (1=3)
FP-(1-3) 3 0-100K REM | +500 10K REM/sec D - SP-1A4 | FI | PPD~(1-3) Cue-0f-Limit AR, P-{1-3)
PPS=(1-3) 3 0-100 PSTA | +1 PSIA| 50 PSI/sec D | 1mH2 Pu2 FI | PED~(1-3) Out-Df-Limit AR, P-(1-3)
PHEQ-{1-3} 3 0-2000 PSIA H10 PSIA| 1500 PSL/sec D GH2, P-7 FI GH2 Resupply Ho~Go A.R. H-{1-3)
i GHZ Resupply 1/2 sec
POV-(1-3) 3 0=2000 PSIA #10 PSIA| 1500 PS5I/sec D GHZ P-7 FL oz Resupnly No-Go or V-{51-53)
Leakage Detector AR,
AT={1=3) 3 0-5g +.05g 0-5 KHZ CE - V-1 T,FL.| Subsyatem Dperation E.O0. ' T=(1-3)
AP-(1-3) 3} o-5g +0.52 | 0-5kaz CE - V-l |[7,7T | subsystem Operation £.0, ; P-{1-3)
TEB~(123) 30-1000°R +10°% | 20°R/sec b | ez Twd FI | PED-(1-3) No-Go 4.R. P=(1-3)
7 T Subsystem Operation 1/2 sec ‘
THE- (1-3) 3 400-750°R +5°R 200°R/ see b | @Az T-3 Resupply Operation 1/2 sec ; H-(1-3)
FI | PHEO-(1-3) Out~DfeLimit A.R. , ’




FOLDOUT FRAME

TABLE A~l {Cont,)
QCHMS MEASUREMENT REQUIREMENTS

E0LDOUT FRAME 23

- 3-47 and .A-48
SURSY STEM: 2.4 Boost., Oxzygen Cond.

TOENEETY Qry. | waxck & uTrs | ALLOV. | RESPONSE MG, | wo | Seen | gee | TWME OF pATA acrrvrwy | SANPLE o oy REMARKS
PTI-(1-3) 3 0-100 PSTA }+1.0 PSIA 50 PST/sec D | eoz P-Z FI | PID-(1-3) Out-0f-Timit AR, - (1-3)
FTD-(1-3) 3 0-2000 PSTA 10 PSTA| 1500 PSI/sec D @02 B=7 M G0Z Resupply L/see CU-(1-3)

i R Start-Up ' E.O
FL PoT-7,9 HNo-Go AR,
PPTL- (4=6) 3 0-100 BSIG [l PSIE | 20 P9I/sec D 0i1 Pe2A G02 Resupply 1/2 gec PT-(4~G)
G.G. Prestart .0
Pe ~(42-44) 3 0-1000 PSTA 5 PSIA | 50,000 PSIfseq D Hot Gaz| P-5 G Subsyse, Start & Shutdown AR, G=(4=6)
N G2 Resupply 1/sec
FI PTD-(1-3} Qut=Of-Limit AR,
TP (4-6) 3 0-1300°R +10°2 | 20%R/sec D} 0il Tw5 M | 602 Resupply 1/2 sec PT-(4-6)
. FI | PTD-(1~3) No-Go A.R.
Tee(4-6) 3 0-2500"R +20° | 200%/zec » | Hot Gas| T-7 M | GO2 Resupply 1/ sec G (546)
FI PID-{1-3) No-Go A.R.
QPTL-{4-6) 3 0=6 inch f-.125" 12 in.fsec D 0il L2 M G02 Resupply 1/2 sec PI-(4~6)
R @,3, Prestart E.0.
. FI | PPIL-(4-6) Mo-Go A.R.
NT~ (463 3 D-100K RBM | +500 | 10K REM/sec D - SB-1 ¢ | e.e. start E.O. T-(4~6)
GB02 Resupply 2faec Record Oper, Time
FL PID~({1~3) No-Go AR.
LEQV- (4T-61)- 3 0/¢c - 0.5 sec C& - PH~24A R Subays. Readiness CE. E.0. GOV~ (4~86)
R Lozd & Purge AR,
FI | Pe-(42-44) Wo-Go AR,
LGOV~(4~6) 3 0/¢ - 0.01 sec CE - PN-6 C Bubsys, Start & Shutdown E.OQ. GoV-{4-8)
Load & Purge, A.R. i
FL Pe~{42-44) HNo-Go A.R.
1GFV=(4Z-61) 3 o - 0.5 gec GE - PHN-24 R Subays, Readlness CK. E.O. GEV-{4~B6)
k Load & Purge AR,
FI Pe-{42-44) No.Go AR,
LGFV~ (4~5) 3 o/c - 0,01 sec CE - PN-6 ¢ | Subsys. Stert & Shutdown | E,0. CEV = {4=6)
Load & Purge ALK,
FI Pe=(42-44) No-Go AR, )
LOIV= (3«5} 3 0/C - 0,5 sec CE - PN=2A R Load, Purge, Pre-Start E.0, V-57,59,61
FI PTD=(1-3) No-Go AR,
LT5V=(1-3) 3 o/c - 0,1 sec CE - PN-5 R Subgys. Start & Shutdown E,0, v-58,60,62
R Load & Purge A.R.
FI | PID=(1-3) No-Go AR, )
| !

y .




EOLpOUY FRAME

TABRLE A-1 (Gonr,)
OCMS MEASUREMENT REQUIREMENTS

EOLDOUT. FRAME 2

4-49 and A-50
{Continyed)

' SUBSYSTEM: 2.4 Boost.Cmygen Cond.

ID?SETY QTY. | RANGE & UNITS ‘;i‘lr‘{g‘;' REgApggSE MTE, Sﬁgﬁ ﬁpg gf‘s? TIME OF DATA ACTIVITY Sﬁ%ﬂ gﬁé ECI)I‘I REMARES
TIoV-(42-4&) | 3 o/c - 0.01 see CF, - PN-6 € | G.G. Start & Shutdown E.0. i G~ (4=6).
R Load & Purge AR, _,_
FI | Pe-(42-44) Wo-Go A.R. 1
LIEV=-(42-45) | 3 g/c - 0,01 sec CR - PH-6 € | B.G. Start & Shutdown. E.0. G- (4-6)
Load & Purge ALR.
FI Pe={&2-44) Wo=Ga AR,
VGOV-(4I-6T) 3 0/ 28yDC +20% - - - EX-1 | FI | L&OV-(41-61) No~Go AR, GOV - (4-6)
VROV~ (4-6) 3 0/ 28VDC +20% - - - EX~1 FI LEOV-{4-6) No-Co AR, GOV-(4-6)
VGV - (41~61) 3 0/ 28VDC +20% - - - EX-1 | FI | LEFV-(41-6I) No-Go A.R. GFV~{46)
VEEV - (4~6) 3 0/28VDC +20% - - - EX=1 FL LGFV-(4-6) No=Go £.R. GFV~{4=6)
YOIV~ (3-5) 3 | 0/28vDC 207 - - - EX-1 | FI | TOTVw(3-5) MNo-Go AR. ¥-57,39,61
TISV-(1-3) 3 0/28VDC +20% - - - EX-1 | FI | LTSV-(1l-3) Mo Go AR, v-58,60,62
VIOV~ (42-44) 3 0/a8VIC +20% - - - EX-1 | FI | LIOV-(A2-44) No-Go AR, a-(4-6)
VIFV= (& 2ui4) 3 0/ 28vVDC +20% - - - EX-1 FI LIFV=(42-44) HNowGo AR, . G=(46)
VII-(42-44) 3 0/28YnC +20% - - - VO-1 R Load, Purge, Start E.0. G-(4-6)
I Start No-Go A.R.
VIEQ-(4-6) 3 TBD - - - Y0-z | FI | G.G. Ignition Failure A.R. G (46
LIE-{42-4L) 3 TBD - - - CU-2 | FY | G.G. Ignition Failure A.R. G~ (A5
NLC-(1-3) 3 0-300K RPM [ +1500 | 10K ReM/sec D - 8p-2 | FI | PTD-{1-3) Out-Gf-Limit AR, GU-{1-3)
TR~ (1-3) 3 0-2000°R +20° | 20%R/sec D | goz T6 FI | PID~(1-3) Out-0f-Limlt A.R. CU-(1-3)
T Regupply Operation 1/2 sec
PCV- (46} 3 0-2000 PSTA L10 PSTA| 1500 2SI/sec | D | GO2 P-7 FI | G02 Resupply Ho-Go, or ' v-(85-87)
- Leakage Detected AR,
AT (46) 3 0=5g 10,58 | 0-5 §mzZ CE - V-1  |T,FI | 602 Resupply E.0O. U={4=6}
ATC-{1-3) 3 0-5g +0.5g | 0-5 xmz CE - v-l {T,FT | G2 Resupply E.0. CU-(1-3)




EOLDOU rRaME |

TABLE, A-1 {Gont.}

FOLDOUT FRAME o4

A-51 and A-52

OCMS MEA SUREMEN'T UIREMENTS
SUBSYSTEM:_ 2.5 Boost. APS Sep. Engine
PRI QUY. | RANGE & UNITS | piOre | FESRONSE wre. | grite | emst | DATM| rmvm oF DaTA AcrIviry | SEELE . o REMARKS
Pe~(1-20) 20 0-750 PSIA +5 PSIA|50,000 PSI/sec! D Hot Gas| P-4 G Sep. Engine Start AR, i Thruster-{1-20}
’ oo Sap. Engine Burn 20/sec s
FI Sep. Engine No-Go AR,
1BIV-(1-20) 20 o/t - 0.5 sec CE - PN-24 | R |Loed, Purge, Launch, Secur¢ A.R, Thresters{1-20)
F1 | Pe-(1-20) Ne-Go AR,
LMEV = (1-20% 20 o/c - 0,01 sec CE - PN-6 R Load & Purge AR, Thruster-(1-20)
, R Sep. Ergine Burn. E.O,
FI Pe-(1-20) No=Go A.R.
LIGV-(1-2Q) 20 ofc - 0.01 CE - PN=f R Load & Purge AR, Thrugter-{1-20}
' R | Sep. Engine Rurn E.0.
FI Be~(1-20) HNo-Go A.R.
LIFV-(1-20) 20 | o/c - 0,01 sec CE - PN-§ R | Load & Purge AR, Thxts ter-(1-20)
R Sep. Engine Burn E.0,.
FX Pe-(1~20) No-Go AR,
VBEV=(1-20) 20 0/z8vne +20% - - - EX-1 FI IBIV-{1-20} No=-Go AR, Thruester-{1-~20)
VMBY-(1.-20) 20 | o/z2evpe +20% - - - EZ-1 | ¥I | IMBV-(1-20) No-Co AR, Thrugter-(1-20)
VIOV~ {1-20) 20 0/28vDC +20% - - - EX-1 FT LIOV={1-20} HNo-Co AR, Thryster=-(1-20)
VIFV=-(1-20) 20 0/z28vne +20% - - - EX-1 FI LIFV-(1~20} No-Go AR, Thrugter~(1l~20)
VII=(1-20) 20 0/ 28VDC +20% - - - VO-1 R Launch, Postflight, Securg A,.R. Thruster-(1-20)
. ¥L |!Ignition Fallure AR, =
TIE-{1-20)} 20 TBD - -~ - - cu-1 Fl Ignition Fallure AR, Taruster-(1-20)




FOLDOUT FRaME ]

11 THBEE A-1 (cont.} - '
A-53 and A-54 -
FOLDOUT Frave | 0CMS MPASUREMENT REQUIREMENTS o3 an

, SUBSYSTEM: 2.6 Boost. APS AUK. PWR. Unit

iah

H’ggg“ Qre, | RA¥GE & UNITs | MULOR. | RESTONSE wie, | SO | YERS. g‘;? DM OF DaA AcTIviTy | SAME | S [ DA Eé‘f REMARKS
Pe-{45-47) 3 0-1000 PSIA | +5 PSIA|50,000 2SIfaec| D Hot Gas| P=5 a APU Start & Shutdown A.R. é &-(7-9)
M APU Operation - - Lisec |’
FI | NT-(7-9) Out-Of-Limit AR, ‘
PRTL-{7-9) 3 0-100 PSIG | +% PSTG| 20 PSifsec | D | O4L P24 M ,| APU Operation 1/2 sec ‘ PTw (7w0)
j R | 6.6. Preatart "1 E.0. !
TPTL-{7-9) 3 | o-1300% +10% 20%8/zec D ool Tu5 M | APY Operatfon 172 sec . Pr-{7-9)
i FI | NI-(7-9) Out-O0f-Limits AR, '
QPTL-(7-9) 3 0-6" +.125" 12 in,fgec D 01l L~2 M APU Operation 1/2 sec PT=(7-9)
R | ¢.¢, Stare-Up E.C. !
FL | PPTL{7-%) Ho-Go AR,
KI-(7-9) | 3 | 0-100E REM | 4500 10K RPM/gez| D - gp-1 ¢ | 6.6, Start E.OD. : N
* hey Operating 2/sec
FL | N8-(1-3) Out-0f-Limit - AR, :
LIOVw (45«47) 3 0/C . - 0,01 sec CE - PN=6 c G.G. Start & Shutdown E.0. ’ ) . ) Ge(7=9)
. Load & Purge 1 AR,
FI Pen(45-47) No-Go AR, } ' h
LIFV=(45-47) | 3 | ofe - | o0,01/sec cE | -~ PN-6 |. ¢ | G.G, Start & Shurdown E.0. . @-(7-9)
R | Load & Purge AR,
M FI Pe=(45-47) No-Go AR, .
LEq-(7-0) 3 o/c - 0.0% sec CE - PN-6 ¢ @.G, Start & Shutdown E.O0, ‘ . aov-{7-9)
Load & Purge AR,
i = FI | Pe-(45-47) Ho-Co * AR,
LEEY~(7~3) 3 0/c - 0.01 sec - CE - PN-6 c 6.8, Start & Shutdowm E.O, GEV-(7-9)
‘ . R Load & Purge ’ A.R. '
FI Pe-{45-47) Wo=Co 1 AR,
LEOV~(7I~0L) 3 o/c - 0.5 mec CE - PN~2A R Subsys. Readiness Ck, . E.0. GOV ={7-9)
R Load & Purge - AR,
FI Pe~(45-47) No-Go AR,
LEFV~-{7I=-91) 3 ofc - 0.5 see CR - PH-2A R Subsys. Readinea:; Cle, E.C. | " GEV-{7-9}
R Load & Purge ) AR, i
FI Pe-(45-47) No-Go . AR, |
VIW-(45-47) | 3 0/ 28VDG +20% - - - EX-1 | FI | RIOV-(45-47) No-Co A.E. G-(7-9)
VIFV-(45-47) | 3 0/ 28VDG - 20% - - - EX~1 | FI | LIFV-(45-47) No-Go N G-(7-9)
VEOV-(7~9) 3 0/ 28V0G +20% - - - EX-1 | FI | LGOV-(7-3) No-Co AR, ) GOV=(7-9)
VGFY=(7-9) 3 0/28VDC +20% - - - EX-1 ¥I LGEV~(7-8) No-Go AR, GFY-(7-9)
VEOV-{7I-9T) | 3 0/28YDG +20% L - - 2X-1 | FI | LGOV-(7I-9T) Mo-Go AR, GOV~ (7u5)
VGFV-(71-91) 3 0/23VDC +20% - - - EX-1 FI LGEV-(71-91) No-Go A.R. . GEV-(7-9)




EOLDOUT. FRAME o

A-55 and A-56
TABLE 4-1 (Cont.) an 3

FoLooUT FrameE | M MEASUREMENT REQUIREMENTS ) ‘ © {Continued)

SUBSYSTEW:_ 2.6 Boogt. APS AUX. PWR. Unit

IDENTITY ALLOW, RESPONSE FLUID MEAS, | DATA SAMPLE DATA ' DIV

CODE QTY, | RANGE & #NITS ERROE RATE. MTE, MEDTA TYPR USE TIME OF DATA ACTIVITY RATE RATE ) NO, REMARES

VII-(&5-47) 3 0-28YDC +20% - - - Vo-1 R Load, Purge, Start E.Q. ! G-(7-9)

FL Start No-Go A.R. '
VIEO-(7-9) 3 TBD - - - - vo-2 FI G.G, Ignition Failure AR, Gn (7=9)
TTE-(&5-47) 3 D - - - - CU-2 FL G.@.Ignition Failure AR, G-(7-9)
Te~(7-9) 3 0-2500%R iZOOR 200°R/sec D Hot Gas| T-7 b APU Oparating 1/aec G=(79)

FL RI-(7-9) Ho-Go ARRo
AT-{7-9) 3 0-5g +0.5g 0-5 KHZ CE - v-1 |7, F1 | 4P0 Operation | E.0, e (1o3)
HEw{1a3) 3 0-100K BEM | +500 10K ®2M/sec| D - gp-1 | ¥I | APY No-Go &.R. PP (7-9)




FOLDOUT FRAME o2

EOLDOUT FRAME{ TABLE A-1 (Cent.}

, A- d A-58
OOMS: 3RA SUREMERT REQUIREMENTS 37 an

SUBSYSTEM: 3.1, 6.1, Airbresthing Engine

TP orv. | Rence s unrrs prLon. | RESRONS wre, | poird | MEAS. | PATA| ymue or paTa acTiviTY SAMPLE el o REMARKS
PFCCT i 0-60 psia +.5 psl | 20 psifsec o [c: 0% P-1-TF FI | Engine Malfunction AR, ‘ Eng, Cont,
PLED 1 0-100 psia 5 pal 20 psilfsec D Lube P-2A-TF| M Engine Active 5/ sec ! Eng. Cont.
R Engine Startup AR, .
FI Ingine Malfunction AR,
PSPD i 0-100 psia * 5 pgi| 20 psifsac D Lube P-24-TF| M Engine Active Slse;: Eng. Cont,
R Engine Startup AR,
PL Engine Malfunction AR,
PG 1 0-100 .psia 1.5 psi | 20 psi/sec D Lube P-2A-TF| M Engine Active 5/sec Eng, Coant,
FI | Engine Malfunetion AR, )
PFIL. 1 0=20 psia +.5 pei | 20 psi/sec D 4§ Air P-1C=TF| C*% | Engine Active 100/ sec Bog. Cont,| *Gas Path Analysis
PHPT L .0-200 psia + 5 psi| 20 psi/sec D Hot Gas | P-3A-TF C* | Engine Active i 100/ sec Eng. Cont,.| *Gas Path Analvsis
FED 1 0-150 psia + 2" psi| 20 psi/sec D Hot Gas | P~3B-TF| C#% | Engine Active 100/ sec Eng, Cont.] *Gas Path Analysis
FDVYDVP L 0-200 psia + & psi| 20 psi/sec D LHa P=3C-TF C#* | Engine Active 190/ sec Eng. Cont *Gas Path Analysis
R Engine Startup A R.
FL Engine Malfunetiaon AR,
TECCT 1 0=600°R + 10°R | 20°/ser o GH2 T-2-TF FL Engine Malfunction AR, A Eng, Cont,
TSED 1 0~1000°F + 20°F | 207/ sec D Lube T~5A~TF | M Engine Active 5/ sec E Eng. Gont,
R Engine Startup A R.
FT | Engine Malfunction AR,
TIA 1 0=1000°R + 2D°R | 20°/sec D Adr T-4A~TF| C* | Fngine 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 \ Eeg. Cont.} *Qas Path Aralysis
TLPTD 1 0-2500°R + 40°R | 20°/sec D Hot Gag| T~7A=TF| C# | Engine Active 100/ gec Eng. Cont,| *Gas Path Analysis
TED 1 0-2500"R + 40°R } 209/ sec D Hot Gas| T-7A-TF| C* | Engine Active 100/ sec Eng, Cont. *Gas Path Analysis
TCI 1 0-2500°R + 20°R [ 20°/sec ) Hot Bas |T~74=TF C% | Engine Active 100/ sec Eng. Cont. *Gas Path Analysis
TTB 1 0-1500°R + 20°R | 20°/sec v} Hot Gas| T-5B~TF| M Engine Active | 25/sec Eng. Cont,
R Engine Start/shutdown AR,
TFH 1 0-600°R + 10°R | 20°/sec Ii] GHy T-2-TF FI | Eagine Active ' AR, Eng . Cont,
FEF 1 0-20.1b/ sec +,5 1h/g 15 1b/sect D GH, FR-1A-TH O Engine Active 100/ sec Eng, Cont,| *Bas Path Apalysis
R Engine Start-Stop AR,
QLG 1 0=1 ft +.;03 ft | 20 fr/sec i Qil L=2A-TF| M Engine Active 5/ sec Eng. Cont,
R Engine Start-Stop ALR. ’
KHFT 1 0~15000 rpm + 50 rpm 5000 rpm/sec CE | - SP=3-TF| C* | Engine Active 100/ sec . Eng. Cont | *Gas Path Analysis
NF 1 0-15000 rpm + 50 rpm 1000 rpm/sec CE | - SP=3TF C¥ | Engipe Active 100/ sec : Eng, Cont,| *Gas Path Analysis
NVDVP 1 0-20000 rpm + 50 rpm 1000 rpm/sec CE | - SP-3-TF}{ M Engine Active 10/ see Eng. Jont,
) R Engine Start-Stop
AFFD 1 |o-s¢g £0.5 g | 0-3000 HE ¢E | - V-IA~TF | T | mngine Active TED _ | Eng, Cont.,
AFCE 1 0-5 g +0,5 g | 0~-3000 HZ CE §| - V-TA-TF| T Eongine Active TED . Eng. Cont,

#ParT Fneine



EOLDOUT Fitamie |

TABLE A-1 (Gont.)
OCMS MEASUREMENT REQUIREMENTS

£0LDOUT FRAME 2.

A-59 and A-60

{Continued)

‘SUBSYSTEM:3.l, 6.1, Airbreathing Engine

e qry, | RANGE & TNITS hoon” | Eoeomm e, | LU ) MRAS. | DA e or DaTa ActTvITY SANELE pane : " REMARKS
ALPRE 1 {o-5 & +0.5 g | 0-3000 HZ ¢ |- V-14-TF Zngine Active ! Eng. Cont, )
LFIVA/E 1 lese - 0.1 sec gz |- PN-5-TF Eagine Start/Shutdown 4R, ' | Eng. coat.
LSpV 1 ofc - 0.1 sec CE_ |- PN=5~TF Engine Start/Shutdoun 4.R, Eng, Cont,
VFIVA/B 1 /28 ¥ - - - - ‘EX-1-%F | FI | Apparent Valve Failure AR, ' Eag, Cont,
V3DV 1 Q/28 ¥ - ~ - - EXu«i~TF FL | Apparent Valve Failure AR, Eng, Cont.
Ve 1 0/28 v - - - - EX~1A-TH FI [ Engine Malfumction A4.R. Eng. Cent,
VII4/B 1 o/28 v - - - - Vo-1-TF | FT | Ignition Failure. AR, - Eng, Cont.

R Engine Start AR, Eng. Cont,
VIEOD 3 ‘TBD - - - - VO-2-TF | FIL | Igaition Failure AR, 1 Eng, Cont,
VIH L 0/28 v - - - - VO=-3~TH Engine Active 10/ sec Eng. GCent,
R Engine Start-Stop
FI | Engine Malfunction A.R.
III 1 TED - - - - GU-3-TF FI Ignition Failure AR, Eng, Cont,
R Engine Start AR,
IFH 1 TBD - - - - CU-4~TF Engine Active 1/sec Eng, Comnt,
¥T | Heater Malfunction AR,
R Engine Start ALR.
FLB 1 onfoff - 0.1 sec D Hot @as | FL-1-TF| ¢ Engine SBtart A.R.
M Engine Shutdown 10/ zec
ACEC 1 30 to 160 db + 2 db 50 HZ to 10KHZI D AC-1-TF T Engine Active TED Eng, Cont,
LGPRY 1 o/c - 0.1 sec CE PH-5-TF Engine Start AR, Eng. Cont,
PZGL 1 0-100 psia +.5 psi | 20 psi/sec D Lube P=2A-TF | R Zero G Engine Lube P AR, Eng, Cont,
VOFPRV 1 0/ 28VDC +20% - - - EX-1-TF | ¥I LCPRV No-Go AR, Eng. Gont,

*Per Enecine
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TABLE A-1 {Comnt.}

OCMS MEA SURFMENT REQUIREMENTS |

¢OLDOUT FRAME £
A-B1 and aA~52 )

SUBSYSTEM: 3.2 Boost. A/B Prop. Mgme,

Coove | o fwes & wnies | poc- | RIS ama, | BRSSO g or nema acrnvrny | ST a2 o REMARKS
PET-10 2 0-60 PSTA |42 BPSTA! 20 PSI/sec | D  ILH2 P-1 R | Load & Purge E.0. T-12 4 & B
l M "] A/B Sys, Active 1/sec
FT FF-1 Out-0f-Limit ALR.
PFL-(13-19) 7 0-60 PSTA +2 PSTA 20 PSIfsec D LH2 P-1 Load & Purge E.0, Turbofan Inlet
Cc TIF Start & Shutdown AR,
TF Operation 5/sec
FL Low TF Thrust A.R.
TET-6 2 | 0-100° +5° 10%/sec p | 1E2 T-1 R | Load & Purge E.0. T-12 4 & B
M A/B Sys. sctive 1/3ec
" o{Fr | PP-i our-0f-Limit AR,
TEL~{1=7) 7 ] 0-100"2 tSOR IDOR/sec D LHZ r-1 Load & Purge . E.0, Turbofan Inlet
G IF Start & Shutdown AR,
TF Operation 5/sec
FI Low TF Thrust AR,
QET-(4~6) 6 0-20 Ft. +.07 £t 100 fefsee | D | 1HZ -3 | R | zoad & Parge E.O. T-12 A & B (Vertical)
’ c IHZ Fill 10/gec
. FI Improper Fill Rate A.R.
QET-(7-9) 6 0-20 fe +.07 ft| 100 fr/see | D | 1H2 -3 R | Load & Purge .0, Te12 A & B (Horlz,)
A/B ays, Active 10/sec
FI A/B  No-Go AR,
LEDV-{1mf) & . | ofc - 0.3 sec CE - PH-2 R | Load & Purge E.O. V-84,98,99,100 4 & B
FI ¥F-1l HNo-Ga A.R.
LFFV-3 2 o/c - 0.4 gec CR - Pl-24 R Load & Purge E,.0. V=74 A&B
F1- | Cruise T, Fill Neo~Jo AR,
EFVT~(5-8) E] ofc - 0.3 sec CE - PN-2 R | Load & Purge E.C. V-(70-73) A& 3B
I FELT-10 Qut-~0f-Limit A.R.
LEFVY-{1-28) 28 ofc - 0,2 sec CE = PH-4 R Load & Purge E.0, EFV={1~28)
R TF Start & Shutdown E.0.
FI PEL-(13=19) No-Go AR
VEDV- (1-4) 8 0/28VDC +20% - - - EX=1 | FI | TFW-~(1-4) No-Co AR, V-84,98,99,100 4 & B
VEFV-3 2 0/28VDG +20% - " - EX-1 FL IFFV-3 No-Go AR V-74 A&BR
VEVV-(5-8) 8 | o/28vmc +207% - - - EX-1 | FI | 5FV9-(5-8) No-Go AR, V-(70-73) A& B
VEFV~{1-28) 28 0/ 28VDC +20% - - - EX~-1 1 LEFV-(1-28) No~Go AuRe EFV-(1-28)
LFVC-2 2 D[C = - CE - PN-3 R Load & Purge E.0. , c-10
FI | PFI~10 Qut-0f-Limits AR, ‘
FF~1 2 0-20 1b/sec }0.25 100 1b/sec2 D 2 FR-1 Mo AfB Sys. Active 1/sec Fuel Distr, Line
FL PP5~(1-3) Out-0f-Limit AR,




TABLE A-1 {Cont,)

FOLDOUT FRAME 2

A-B3 and A-fi

FOLDOUT FRAME I QUMS HEA SUREMENT HIRRERLE ;SHBSYSTEM: 3.3 Boost AfBE Press.
TPENT Y QTY, | RAWGE & TNITS | oM | RESTONSE wrg, | SEOTY | MEAS. | M| o ov paTa acTTvrTY S P ey REMARKS
PEL-20 2 | 02000 PSIA |+10 PS1a| 500 PSi/sec | D | gmz P-78_ | R | Load & Purge F.O. F-12 A &B
FT Leakage Detected AR, :
¥i | PET-10 NovGo A.R.
1FPY=9,10 4 | ofc - 0.3 sec cz | - PN-2 | R | Load & Purge .0, V-75,76 A&D
FL | PET-10 Ho-Go AR,
VFPV-9,10 4 | ojzavme | 120% - - - Ei-l | FI | IFFV-9,10 No-Go A.R. V-75,76 A &B




EOLPOUT FRAME, |

ABTE Awl (Cont,)

T
OCMS MEASUREMENT REQUIREMENTS

FOLDOUT FRAME
A-65 and A~66

SUBSYSTEM:%.2, ORB. MAIN PROP. MGMT,

Inﬁggéw qrY, | RANGE & UNITS | ALY RSN ure, | ¥ ﬁ‘g . 3@? TIME OF DATA Aeriviry | SEOLE e E(I)L‘r REMARKES
PoT-1,2 2 0=50 psia £ 2 psi |20 psifsec D GO7,GH* | P-1 4 LDy Load Pressurization 10/ sec 18,19,20 *L0s Taonk UGllage
\ G Maic Engine Burn ' 1/sec
R Load & Purge AR,
M Purge & Blanket Press, Negl, .
PoL~-1,3 2 0-100 psia + 5 psi |20 paifsec ] 10y P-2 FI | Low Main Engine Thrust AR, 18,19.20
Load & Purge AR,
Po¥-~1 1 0~100 psia z 5 psi |20 psifsec D 102 P-2 R ']'..02 Load, Start A.R. 15,16,17
IL_ | slow 1O, Tank Fill AR, )
FfT=-1 1 0-50 paia + 2 psi §20 psi/sec ] LHy, HE¥ P~1 C TH2 LOad Pressurization 10/ sec 18,19,20 #LH, Tank Ullage
C Main Engine Burn 1/sec
M Purge & Blanket Preas, Negl.
R Load & Purge ALR.
PLL=-2,3 2 (-100 psia + 5 psi | 20 psifaec o LHa P-z R | Load & Purge AR, 18,1%,20
FI | Low Main Engine Thrust A R.
PLF-1 1 0-100 paia £ 5 pel | 20 psi/sec D LHp P-2 R LHy Load, Start AR, 18,19,20
) . FI | slow LHp Tank Fill AR,
ToT-1,2 2 0 -700°R. + 5°R 20°%/ sec D GOq, HE# | T-2 R Load & Purge AR, 18,19,20 *L0e Tank Tllage
Fi PoT-1, or 2 out of limit AR,
M System Active 1/sec
ToL-1,3 2 0=-700°R + 5°R 20°/ sec D LO2 T=2 R Load & Purge AR, 18,19,20
i} FL | PoI-1 or 3 out of limit AR,
TET-1 1 0=-700°R + 5°R  120%agec n CH,* T2 M System in use 1/ sec 18,19,20 *LH, Taok Ullage
FI PfT=1 out of limit AR,
] R | Tead AR,
TfL~-2,3 2 0-700°R + 5°R 20°/ sec D LHg T=2 FIL | PIL~2 or 3 out of limit AR, 18,19,20
R Toad & Purge AR,
QoT=1,4 2 c/U + 13" [ ,001 sec B L0, L-1 c 10, Load 10/ sec 18,19,20
c Main Engine Burn#® 10/ sec #After QoT-2,5 Uncover
QoT=2,5 Z c/u + 13" 001 sec D "1.0o -1 C L02 Load® 10/ sec 18,19,20 *After QoT-1,4 Covered
c Main Engine Burn 10/ see
R Load AR,
QoT-3,6 2 c/U + 13" | 001 sec D 10, L-1 G 10, Load® 10/ sec 15,19,20 *After QuT-2,5 Covered
: ¢ | Main Engine Burn 10/ sec ;
R Load AR.
QfT-1 1 c/u + 13" | ,001 sec D LHy L-1 G LHy Load 10/ sec 18,19,20
C Main Engine Burn¥ 10/ sec #After Q£T-2 Uncaver
R Load AR, '




FOLDOUT FRAME]

TABLE A-1 (Cont,)
OCMS MEASUREMENT REQUIREMENTS

FOLDOUT ERAME <2
A-67 and A-53
(Cantinued)
SURSYSTEM: 4.2, ORB, MAIN PROP, MOMT,

migggm QIY, | RANGE & UNITS | pii0T- i wrg, | LU | MEAS. | DA% | rom oF oama acriviTy yeiny e o REMARKS
QET-2 1 c/u . + 13" | .00L sec D LEo L1 C LHo Load¥ 10/ see ; 18,19,20 *After QfI-1 Covered
] Main Bngine Burn 10/sec ’
R Load A.R.
QEfT-3 1 C/U + 13" .00l sec D 1E, L-1 c LH, Load® 10/sec 18,19,20 #After QFT-2 Covered
G Main Engine Burm 10/sec
R Laad AR,
LOIV-1,2 z o/G - 0.5 sec (0] - PN-24 R Per P0S. Status List AR, 18,19,20
FI |Low Main Eng. Thrust A.R.
T In-Flight Secure 50/sec
LOVV-(1-%&) 4 0/G - 0.3 sec CcE - PH-2 R LOe Load & Purge E.0. 18,19,20
i FI 4PoT-1 or 2 out of Limit AR,
LOFV-1 1 QfC - 0.3 sec CE - PN-24 L&y Load & Furge A.R. 15,15,17
TFIV-1,2 2 | ojc - 0.5 gec CE - PNS2A | B |Per PoS. Status List AR, 18, 19,20
FI |Low Main Eng. Thrust AR,
T Ip-Flight Sacure 50/sec
LETWV-{1-%) 4 /G - 0.3 sec CE - PR-2 R LHo Load & Purge A.R. 15,146,117
FL |PFfT-1 out of Limit AR,
IFFV-1 1 0/C - 0.5 sec CE - PN~24 R LH? Load & Purge AR, 15,16,17
LOFG-1 1 /G - - CE - PN-3 R L02 Load & Purge AR, 15,16,17
LiCc-1,2 2 | o/ - - CE - PN-1 R |1H, Load & Purge AR. 15,16,17
LFIVG-1 1 0/C - - CE - PH~3 R LH2 Load & Purge A.R. 15,16,17
LFFC-1* 1 0/¢ - - CE - PXN-3 R 1Hg Load & Purge A.R. 15,16,17
LHG-7,8 2 | o/ - - R - PH-3 R [1H5 Load & Purge AR, 15,16,17
VOIy-1,2 2 [ 0/28 VDG + 20% - - - EX-1 FI_|LOZV-1 or 2 mo-go A.R. 18,19,130
VOVV-(1-4) " 4 0/28 VDG + 20% - - - EX-1 Fi |LOVV-(l-%) no-go ‘| AR, 18,19,20
VOFV-1% 1 0/28 VDG + 20% = - - EX-~1 FI |LOFV-1 ne-go AR, 15,16,17
VFIv-1,2 2 | 0/28 voo + 207 - - - EX~1 FI |LFIV-1,2 no-ge AR, 18,19,20
VITVV-(1-4) & | o/z8 voo + 20% - - - EX-1 FI |1FTYV-(i-4} no-go A.R. 15,16,17
VEFV-1 1 {0728 VpC + 20% - - - EX-1 FI [LFFV-1 no-go A.R. 15,16,17
PgRi-1 1 0-200 peia + 2psi | 20 pai/sec D |L0,,HE P=3 M LO2 Load 1/sec 15,16,17
R Load & Purge AR,
PaS-1,2 2 ] 0-2000 pata | + 2 psi} 20 pst/sec D 103 P-3 Boost 20/see
R Load & Purge AR,
FI |Low LOg Pres. AR,
Pfs-1,2 2 0-100 paia + 2 pail|] 20 pai/fsee n LHy Pa2 M Boost 20/ sec
R Load & Purge AR,
FI | Low Lty A.R.




* OLDOUT FRAME (

TABLE A-1 (Comt,}
DG‘:’MS MEA SUREMENT REQUIREMENTS

FOLDOUT FRAMESL
A-B9 anc; A-70

) {Continued) "‘
SUBSYSTEM; 4.2, ORB. MAIN PROP, MGMT.
'Inggg;‘m QTY. | RANGE & UNITS | ALLOV. A oo wrg, | FLUTD Toase | DATA| rrv o7 paTa AcrrviTy SAPLE s E;’:’ REMARKS
Tos=1,2 z  |o-600°r + 5° 20%/ sec p |0, {r-2 R | Ioad & Purge ALR. Eng. Comt.
M | Engine Active 1/sec.
FIL | Eogine Supply Weong AR,
TE5-1,2 2 __ | 0-600°R 5% 20°/ gec . D LH, =2 R [ Ioad & Purge A.R. Eng. Cont, |
FI | Englne Supply Wrong AR,
M Engine Active 1/eec




FOLDOUT FrRAME 3L
TABLE A-1 (Cont,) A-71 aznd A-72

OCMS MEASURFMENT REQUIREMENTS — -

" FOLDOUT FRAME] . ;
(SUBSYSTEM: 4.3, Maln Pressurization Subsyate

IDENTITY

e QTY. | RANGE & INITS g;fig‘;' RESTONSE wre. | povTy | TS | DA rpm or mama acrrvrny SANTLE o “ o REMARKS
Pe0-1,2,3 3 0-1200 pgia % 10 psi| 500 psi/aec D GOs P-aA R Megin Eng, Start/Burn,Ready A.R. ' 15,16,17 Autogenous System
) FI | Ullage Pres. Low AR, i .
PgF~1,2,3, 3 0=1200 psia % 10 pai| 500 psi/sec D GHy P-6A R Mein Eng. Start/Burn,Ready AR, - H 15,16,17 Autopenous System
- - FI | Ullage Pres., Low ALR. .
1OPCY-1,2 2 jo/c .o . 0.5 sec cE | co, PY-24 R | Mein Tank Pressurization | E.0. Pl o15,16,17
: FIl | Ullage Pres. Low A.R.
LFPCV-1,2 2 |o/c Di5 mec CE | GHp TH~24 R | Main Tank Pres, E.0, ! 15,16,17
FI | Ullage Press, Tow AR,
EHC-3,4% 2 o/¢c 0.5 sec "CGE |HE Py~-2A R Load LH E.O. 15,16,17
LHC~5,6 2 |o/c ) 0.5 sec CE |HE | Fmw2A E | Load LO, E.C. i 15,16,17
YoPCV-~1,2 2 |o/as v + 20% ' EX-1 FI | LOPCV-1,2 Appavent Fail, [ A.R, ' 15,16,17
YFRCV~1,2 2 0/28 ¥ + 20% EX-1 FI | LFPCV=1,2 Apparent Fail, | A.R. 15,16,17




FOLDOUT FRAME L
FoLnouT FraMe U TABLE A-1 {Comt.) 8473 and A-T4

QCME MEASURFMENT REQUIREMENTS

'SUBSYSTEM:_4.4 On-Orbit Propellant Subsystem

TDERTILY QrY. | RANGE & tNrTs | ATTOY. e wre, | pLUT> | MEAS. | DATAL roik oF pama AcTIvITY vl DaTA , o REMARKS
PoT=3 1 0-50 paia % 2 pei | 20 psl/sec D GOg P-1 M Ferry, On-0rbit, Boost 1/sec { 18,19,20
C | Off-Orbit vent E.O, ) j
M Toad 1O o 10/ see
R TLoad & Purge AR,
FI |Reg. or Filter Fall, AR, Verify Upstream Press,
PET-2,3 2 0-50 pala + 2 pel {20 peifsec D GM, P-1 M Ferry, Om-orbit, Boost 1/Bec ' 18,19,20
i Offworbit Vent E,0,
R Load & Purg AR,
- M Load LHs 10/ aec , .
| . FI | Reg. or Filter Fail, AR, . Verify Upstream Press,
ToT=3 1 |p-700°R + 5"R | 20°R/sec D . |60 w2 R | Load & Purge AR, ' 18,19,20
M {Bee PoT-3) '
T£T-2,3 2 0-700°R + 5°R 20°R/ sec D GH; -2 M (See P£T~2,3) o 18,19,20
. 7 . E |Load & Purpe A.R.
QoT- (7=9) 3. fesv + ,13" | .001%/sec |10, -1 ¢ |rLoad and Booat 10/ sec i | 18,109,720
' ' ' _ R Toad & Purge A.R, :
‘QET=(4=9) 6 |c/u + 13" | .001"/Bec D LHp L-1 c Load and Boost ' 10/ sec A . 18,19,20
R Load & Purge AR,
LOTVV=1,2 2 /¢ - 0.3 aec CE | G0y PN-2 R Load, Boost, Purge AR, \ 18,19,20
LFTVV~-(5-8) 4 o/C - 0.3 sec CE |GH, PN-2 R Load, Boost, Purge AR, 18,19,20
LOTY-3 1 fofc - 0,5 Bec cE | Lo, PN-24 R | Ferry, On-Orbit, Boost E.0. i | 18,19,20
_ FL | Low O Supply Press, AR,
1RIV-3,% .2 lo/c - 0,5 sec I om |y PH=2A R | Ferry, Om~orbit, Boost E.C. 18,19,20
: FIL | Low H, Supply FPreass. AR, 1
| LFVC-1 1 |o/c - 0.3 sec cE | ¢H, R | Load | 4.z, .| 15,18,17
VOTVV-1,2 2 |o/28 v +20% . FX~1 FI | LOTVV-1,2 Apparent Fail, |A.R, 18,19,20
VELVV- (5-8) & oszs v + 20% EX-1 FI | LFTVV=(5,8) Apparent Fail] A.R, " | 18,19,20
VOIV-3 1 0/28 v + 20% FX=1 FI | IOIV-3 Apparent Fail, AR, ' 18,19,20
VEIV-3,4 2 - lof2s v + 20% FX~1, FI | LFIV-3,4 Apparent Fail, | 4., » . | 1s,18,17
TaLe2 1 J0~700°R £5"R | 20°R/sec D |10, T-2 M | Load, Boost 2/ sec 15,19,20
R Load & Purge ALR. !
Pol=2 1 0-50 peia + 2 pal [20 psi/szec D L0y P-1 M Load, Boosat 2/ gee ' 18,19,2¢
R Load & Purge AR,
TEL-L, 4 2 |0-700°R - + 5°R  |20°R/sec D |1 T-2 M | Load, Boost 2/ sec - { 18,19,20
- R Load & Purge AR, :
PEL-1,4 2 0=50 psia x 2 psi |20 psi/aec L, Pl ¥ { Load, Booat 2/ sec : 18,19,20
R load & Purge AR, '



ForpouT Frave |l - FOLDOUT FRAMESY
TARLE A-1 (Cont.)

A-73 d A«
5 WA BUREMENT REQUTREMENTS , 75 and A-76
B _ |SUBSYSTEM: 4.4 On-0rbit Prop. Mgmt, {Comnt.,)
TOENTTTY ALEGW, | BESPONSE FLUID | wMEAs, | DaTa SAMPTE .DATA] | DIV
CODE QTY. | RANGE & WNITS | ponoh gt Mg, |y vven | msg | TR OF DATA ACTEVITY et ATE ; . REMARKS
Tol=t 1 | 0-700 deg, ® | i5%R 20/sec | 10, T~z | M__|Ferry, On-Orbit, Boost 1/sec i _{18,19,20
- R |Losd & Purge AR, ¢ )




_ _ FOLBOUT ‘FRAME &
. FOLDOUT Frame : TABIE A-1 (Comt.) 4-77 and A-78

OCMS MEASOREMENT REQUIREMENTS

N 4.5 On-OrBit Pressurization
'SUBSYSTEM: _Subsystem

DERTTTY QTY, | RANGE & UNITS | ALLOV. | RESPONSE wg, | FLUID | MEAS. . PATA| rmvp oF DATA AcTIVTTY iyt o ‘ ke REMARKS

N _ ;

Pol-10 1 G=-200 paia + 10 pel 500 psi/eec D GO0y P=7E FI | Low C2 Pressure A.R.- 18,19,20
R Toad & Purge AR, X

PEL-14 1 0-200 psia + 10 pell 500 pei/sec 1 » GH, | 7B FI1 | ow H, Pressure AR, 18,19,20
: R Lead & Purge AR, ;

VFPV-(1,2) 2 0/28 V + 20% EX-L FI [ LFPY~(1,2)Apparent Fail, | A.R. 18,19,20

TFL-5 1 0-7GD°R + 5°R 20°R/see D GHy Tn2 FI | LHy Supply Failuyre AR, . 18,19,20

. Yoad & Purge AR, ‘ s .
LOPY-1,2 2 |osa 0.5 sec CE | G0g PH-24 R | Lodd, Boost, Purge AR, ) 18,19,20
LFPV-1,2 2 {ofc 0.5 sec ce | oA, PH-24 R | Ioad, Boost, Purge A.R. ' 18,18,20

YOPY-1,2 2 ofzsv +207% EX~1 ¥I | LOPV-1,2 No-Go | A " | 18,19,20




FOLDOUT FRAME |

TABLE A-1 {Cont.)

QCMS MEA BURFMENT REQUIREMENTS

FOLDOUT. FRAME 25

4-79 and A-80

SUBSYSTEM: 5.1 RCS Engine Subsystem

T ore | wek o muns S | OOy | M | 0k | DB rp or e pery | ST | f oam o s
PC-(5+13) 9 0450 prla + 2 pei | 50000 psifsec { D Hot Gas | P-4 [§ RCS Engine Start AR, [ 4,5,6
) M RCS Engine On 20/ sec I
PC-(14-28) 15 |0-450 peia + 2 pgi | 50000 palfsec | D Hot Gas | P-4 4 RCS FErglne Start AR, 1,2,3,
M | RCS Engine On ’ 20/ sec
PC-(29-37) 9 0-450 psia + 2 psi | 56000 psifsec | D Hot Gas | P-4 c RCS Erngine Start AR, 4,5,6,
M RGS Engine On 20/ sac
LBIV-(5-13) g |o/c - 0.5 sec CE |- TN-24 R |Load & Purge AR, 4,5,6
) ) R | Prior to RCS Start-up E.O.
LBIV-(14~28) 15 |o/c - 0.5 sec ‘CE |- PN-24 R | Load & Pyrge AR, 1,2,3,
R Prior to ROS Start-up E.O. N
LRIV~(29-37) 9 lofc - 0.5 sec CE |~- PR-24 R Load & Purge A.R. i 445,46
R Prior to RCS Start-up E.O
IMBV=(5~13) 9 a/c - 0,01 gec CE |~ PN-6 R Load & Purge A.R. 4,5,6
R | RGS Full Thrust E.O. )
LEMV~(14=2B)} | 15 [0O/C - 0,01 gec CE |~ FN=6 R Load: & Purge AR, 1,2,3
. R RCS Full Thrust E.O.
IMBV-(29-37) 9 o/c - 0.01 sec CE |- PN-5 i Toad" & Purge AR, i 45,8
) R | RCS Full Thrust E.O. :
LIOV-(5~13) 9 ofc - 0,01 sec CE |- FN=6 R Toad & Purge AR, 4.5,6
’ R | RCS 0y Igaition E0.
1TOV=(14~28) 15 |ofc - 0.0l gec CE |~ PN=6 R | Load & Purge AR, ! 1,2,3
- R RCS 07 Ignition E.O.
LIOV-({29-37) |.9. "|of¢ - 0,01 mec CE |~ -6 R Toad & Purge AR, 4,5,6
' ) R | RGS 0, Ignitien E.0. !
LIFV-(5-13)" ¢ Jo/c - 0,01 see CE |~ PN-5 R | load & Purge 14.R. v 4,5,6
. R | RCS Hy Ignition’ E.0.
LIFV={14~28) 15 jo/c - 0,01 sec -CE | - PH~6 R | Load & Purge AR, 1 1,2,3
R RCS Hp Ignition E.0. .
LIFV=(29=37} 9 - |o/c - 0.01 sec CE |~ PN-6 R | Ioad & Purge AR, T ] 4,5,6
R | RCS Ho Ignition E.O, ]
VBIV~{3-37) 33 |0f28 V¥ + 207 - EX-1 FI | LBIV Apparent Pailure AR, ! biu Same as P.C,
MEV-(5¢37) | 33 |0/28 ¥ £ 20% |- EX-1 FI | IMBV Apparent Failure An. Diu Bame am Z.0. .
VIQV-(5-37) 33 |0fz8 v + 20% - EX-1 FI | LIOV Apparent Fallure AR, ' Dio Same &g P.C.
", | VIPY=(5-37) 33 |o/28 v + 20% - EX-1 FI | LIFV Apparent Fallure AR, Diu ‘Same as P.C.
VII~{5-37) 33 |of28 ¥V + 207 - vo-1 R Load & Purge AR, i
) FI | Tgnition Failure AR, Diu Same ag P.C.
TIR-{5-37) 33 Pulse - cu=1 FI | Ignition Failure AR, Diu Same as P.C.




FOLPOUT FRAMESZ.
EoLpouTt FRAME) TABLIE A-1 (Comt.)} AT EERRRE
OCMS MEASUREMENT REQUIREMENTS

SUBSYSTEM: 5,2, Propellant Management

TPENTTTY Qre, | RANGE & yIrs| SLUON. | RESRORSE 16, | yorrs | wers' | uge | TDME OF DATA Actrviry | SAMFLE pata oy REMARKS
PoT=4,5 2 0-50 paeia £ 1.,0pai|20 psifszec D GO2 P-18 M AFU Blanket Pressure 1/see 1,2,3, For PoT-5

R Load & Purge AR,

FI |Low HE Pressure AR, 4,5,6 For PoT-4
PoF=6,7 2 02000 paia +10 psi | 1000 psi/sec D GDo P=74 MC | APU System Loaded 1/gec 1,2,3 For PoT-7

R Load & Purge AR,

FI | Low GOy Pressure AR, 4,5,6 For PoT-6
PET=4,5 2 0-50 peia 1,0 psd|20 psl/sec D GH2 P-13 M APli Blanket Presgure 1/sec 1,2,3 Por PfT-5

R Toad & Parge AR,

FI | Lew HE Pressure ALR. 4,5,6 Por PET-4
PET~6,7 2 0=-2000 psaia +10 psi | 1000 psi/sec D GHa P=7A M APY System Loaded 1/sec 1,2,3 Por PEI-7

R Lead & Purge AR,

FI | Low GH, Pressure AR, 4,5,6 For PET-6
PoL=4,5 2 0-2000 psia =1¢ psi | 1000 pei/sec D G0, P-74 FL | Low GOy Pressure AR, Diu'a ag PoTw4,5
PfL~5,6 z 0~2000 psila £10 psi | 1000 pei/zec D GHy P-7A FI | Low GH, Pressure A.R, . Diu'e as PLI-4,5
Pol=6,7 2 0~600 psia + & psi | 1000 psi!séc D G0g P=& M RCS or OMS Active 5/ sec 1,2,3 For PoL-7

R TLoad & Purge AR,

¥I ! Thruster Supply Tow AR, 4,5,6 For PoL-6
Pfl-7,8 2 0~600 peia + & psi | 1000 psi/sec D GHp P-6 M RCS or OMS Active 5/ zec 1,2,3 For P£L-8

R Toad & Purge AR,

FI | Thruster Supply Low AR, 4,5,6 For PfL-~7
ToT=4,5 2 0~750°R £ 5° 200°/ sec D €04 T=3 M APU System Loaded 1/ gee Diu's as PoT-4,5

R Load & Purge AR,
TEE~4,5 2 0-750°R £ 5° 200°/ sec D GH, T=3 M APU System Loaded 1/sed Diu's as PFT-4,5

R Load & Furge AR,
LOPV-(3-6) 4 o/c 0.5 sec CE | GOy PN-ZA R Prior to Thruster Firing ‘| E,0, 1,2,3 For LOPV-(5-9)

R Ioad & Purge AR,

C Regulator Failure AR, 4£,5,6 For LOPV-(3,4)
LFPV~-{3~56} &4 0/C 0.5 sec CE | GHy EN=-24 R Prior te Thruster Firing | E,O, 1,2,3 For LFPV-(3,6}

R foad & Purge AR,

G Regulator Failure AR, 4,5,6 For LFPV-(3,4)
LOFV=-2 1 o/c 0.5 sec CE | G0y PH~24 R | @0y Fill AR, 15,16,17
TOFC-2 1 o/c - CE |co, BN-3 R G0y Fill AR, 15,16,17
LFFV-2 1 o/c 0.5 sec CE | GH2 FN-24 R GHy FiIl 4R, 15,16,17
LFFC-2 1 o/C - CE | Glly FN-3 R GH, Fill AR, 15,16,17
Pol-8,9 2 0~50 peia 20 psi/sec D GOy P-14 M AFU Blanket Pressure 1/sec 1,2,3 TFor Pol-9

R Load & Purge ALR.

FI | Jow HE Pressure AR, G,5,6 For Pol=8




I WLl E VYL - : FOLDOUT FRAME &

- EOLPOUT ERAME TABLE A1 (Gomt,) : _ A-83 and A-84
" OCMS MEASUREMENT REQUIREMENTS - mm_(éonéinued)
o . SUBSYSTEM: 5.2, Propeliant Management
Inlégg;ﬂ’ QTY. | RANGE & UNITS gggg' RElfAPgSE MTE, fé'gg' Pt 3‘;? TONE OF DATA AcTryiTy | SANPLE e gg“] REMARKS
PEL~0,10 2 |0-30 psia 20 peifsec b |en, P14 M | APU Blanket Pressure 1/ sec N For PLL~10
R Load & Purge ALR. .
. FI | Low BHE Pressure AR, 4,5,6 For PfL-9%

VFPY-(3-6) & jof28 v 20% . . EX-1 FI | Apparent Valve Failure A.R. See Valve For Diu
VOPV-(3-6) 4 0/28 ¥ 20% EX-1 FI | Apparent Valve Feilure A.R. See Valve For Diu
VOFV-2 1 0/28 V 20% EX-L FI | Apparent Valve Fallure AR, See Valve For Diu
VEFV-2 1 0/28 v 209 EX-1 FI | Apparent Valve Failure A.R. See Valve For Diu




FOLDOUT FRAME }

T4BLE 4] {Cont,)
OCMS MEASUREMENT REQUIREMENTS

SUBSYBS'}_"']EM:DRB' A,P.5. Propel,-Conditioning

FOLBOUT FRAME o2
- A~85 and A~86

i QrY, | RANGE & UNIrs | ALVOT. | RESPONSE uig, | FLUTD | RS- | DATA! TME OF DATA AGTIVITY el . oo REMARKS
PC=(38-40) 3 0-1000 psia +5 psi | 50K pel/sec D Hot Gas [P-5 c Subgystem Start & Shutdowd AR, %,10,11 Each tc Separate Diu
. M Sheystem Operation 1/sec
PPTL~(1-3) 3 0-100 psig + 1 pal |20 pai/sec D oLl Pr2A M Subgyetem Operation 1/2 gec 9,10,11 Each to Separate Diu
R @,6. Startup AR,
PFD-(1-3) 3 0-2000 pgia +10 pail | 1500 pel/sec 102 P-7 M GOy Accum Resupply 2/gec 2,10,11 Each to Separate Diu
PPD-(4~6) 3 0~2000 peia +10 psi | 1500 psifsec LH2 P-7 M GH2 Aecum Resupply 2/ sec 9,10,11 Each to Separate Diu
TG-{1-3) 3 0=2500°R & 20° 200°/ sec Hot Gas | T-7 M Subsystem Operation 1/ sec 9,10,11 Each to Separate Diu
R G,8, Startup AR,
TFTL-(1-3} 3 0~1300°R + 10° 2( °f/sec n of{l Tw5 M * | Subsystem Operation 1/2 sec 9,108,111 Fach to Separate Diu
R G,G, Startup AR,
GPTL-(1-3) 3 | 0-6 inches + ,125" | 12 1n/sec D 01l L-2 ~ M Subsystes Qperation 1/2 see 9,10,11 Fach te Separate Diu
R G.G., Startup AR,
NT~{1-3) 3 0=-100K RPM + 500 10K RPM/sec D - sp-1 [ Subaystem Start-up AR, 9,10,11 Fach to Separate Diu
' M Subaystem Operation 2/ zec .
LEOV-(1I-3I) | 3 ofc - 0.5 sec CE |- PH-2A R Subgystem Readiness E.0, 9,16,11 Each to Beparate Diu
R Load & Purge AR,
FI | PC-(38-40} Out of Limit .| A.R. .
LGEV=-(1I-31) | 3 G/fC - 0.5 sec CE |- FN-24 R Subsystem Readiness E,O. 9,10,11 Each to Separate Diun
R Load & Purge AR,
) FI | PCw(38-40) Out of Limit | A.R. .
TGOV-(1-3) 3 ofc - 0.1 sec CE |- -6 [ Subsystem Start & Shutdowd E,O. 9,10,11 Each to Separate Dlu
Toad & Purge AR,
FI | PC-(38-40) Out of Limic AR,
LGFvV=-{1-3) 3 ofc - 0,1 sec CE |- PH-6 Subgystem Start & Shutdowd E.O, 9,10,11 Fach to Separate Diu
Load & Purge "PALR,
FI | PO-(38-40) Out of Limit | A.R,
LIOV-{38-40) | 3 ofc - 0.1 sec CE | - PH-6 c Subsyetem Start & Shutdowd] B.0 9,10,11 Each to Separate Diu
_ FI | PC~(38-40) Qut of Limlt | A.R.
LIFV-(38~-40) 3 qo/c - 0.1 sec CE | = PH~6 c Subgystem Start & Shutdowr E,O, 9,10,11 Each to Separate Dlu
. ) ¥I | PC-(38-40) Out of Limit AR,
LLIV={1=3} 3 o/c - 0.5 sec cE |- PN~2A R Purge & GO, Resupply&Load| AR, 9,10,11 Each te Separate Diu
FI | PPD=(1-3) Out of limit AR,
LEIV-(1-3) 3 |ose - 0.5 sec CE |- PR-24 R | Purge & GH, Resupply AR, 9,10,11 Each to Separate Diu
B FL PPD-{4-6) Qut of Timit AR,
LPSV-(1-3) 3 o/c - G.5 sec CE | - PHi~24 R Phrge & Resupply & Load AR, 9,16,11 Each to Separate Diu
G Goé Resupply E.0.
Fr | PPD-(1-3) Qut of Limit AR, }




FOLDOUT 'FRAME

TABIE A-1 (Cont.) A-87 ond A-88

UTREME] Con_t—aed- 3
OCMS MEA SUREMENT EE NTS ( PR
SUB&‘QI%}&H' A,P.8, Propel, Conditioning

FOLDOUT FRAME l

e QTY. | RANGE & Wyrrs| SCOM. | RESFONSE e, | plUIR | MAS. | DA rom or para sctIvITY ST e ey REMARKS
LPEV~(4=6) 3 o/c ’ - 0.5 sec CE |- PH-24 R Purge & Load AR, 9,10,11 Each to Separate Diw
G GHz Resupply E,D,
FI | PPD-(4-8) Out of Limit AR

VGOV-{1I-31) | 3 0/28 vDC + 20% - - - EX~1 FL | LE0V-(1I-3I) No-go AR, ¢,10,11 Each to Separate Diu
VEFV=-{LI-31) | 3 0/28 VDG + 20% - - - EX-1 FI | LGFV-(11~31) no-go AR, %,10,11 Each to Separate Diy
VGOV-(1-3) 3 0/28 vpC + 20% - - - EX~1 FI | LGOV~(1-3) no-go 128, %,10,1L Each te Separate Diu
VII-(38~40) 3 0/28 vDC + 20% - - - EX=1 R Load & Purge AR, 9,10,11 Each to Separate Diu
LIE~(38~40) 3 Pulse - - - - CcU-1 R G,G, Start A.R. 9,10,1% Each to Separate Dia
VIOV-{38-40) 3 0/28 VDC + 20% - - - EX~1 FI | LIOV-(36-40) no~go A_R. 9,10,1I1 Each to Separate Diu
VIFV-{38-40) | 3 0/28 VDG + 20% - - - -1 FI | LIFV=(38-40) no~-go AR, 9,10,11 FEach to Separate Diu
YLIV=-({1-3) 3 0/28 vDC + 20% - - - EX-1 | FI | LLIV~(1-3) no-go AR, 9,10,11 Each ta Separate Diu
VFIV-(1-3) 3 0/28 voC _+ 207% - - - EX-1 FL | LFIV~(1-3) no-go AR, 9,10,11 Each to Separate Dlu
VRSV~ (1~3) 3 0/28 vDC + 20% - - - EX-1 FI | LPSV-{1-31} no-pe AR, 9,10,11 Each ko Separate Din
VPSV=(4~6) 3 0/28 vac + 20% - - - EX=1 | FI | LPSV~{1~-4} no-go AR, 9,10,11 Each to Separate Diu
NP-(1-3) 3 |0-100K RPM £ 500 | LOK REM/szec » |- .| sp-1a FI | PPD~(1~3) Out of Limit AR, 9,10,11 Each tc Separate Diu
AT=(1=3) 3 0-5g + .05z | G=5000 Hz CE |- Vel T Subsystem Operation THD 9,10,11

AP~(1-3) 3 0-5g + .08z |0-5000 Hz CE |- v-1 T |} G0y Resupply TBD 9,10,11

AD=(4=6) 3 |o-5g + .05g |0-5000 He CE |- y-1 T | 6H, Resupply R 9,10,11

TPR=(1-3) 3 30-1000°R & 10° 20 deg/sec ‘D LO7,G02 | T4 T GOs Resupply 1/2 sec 9,10,11 Each to Separate Diu
IPB~{4=6) 3 30~1000°R £ 10° 20 deg/sec D LHy,GH, | '1-4 T GH, Resupply 1/2 gec 9,10,11 - | Each to Separate Diu
TETB~(1-3) | 3 400-1000°R + 10° 28 deg/sec b 011 T=5 T Subeystem QOperatlon 1/2 sec %,10,11 Each to Separate Diu
Na~(1-3) 3 0-100K RPM + 500 10K REM/sec CE |= SP-1A M APU Operation 1/2 sec ' 9,10,11 Each to Separate Din
ACR(1~3) 3 0-5g + 0.5 [0-5000 Oz CE |~ -l T G0O2 Resupply TBD 2,10,11

AQ-{4~6) 3 G-5g + 0.5g | 0~5000 Hz CE ([~ -1 T GHp Resupply TED 9,10,11

AC-({7-9) 3 |o~5g + 0,5g | 0~5000 Hz cr |- V-1 T | APU Operation 1 T 9,10,11

THE=-(1-3) 3 400=750°R + 5% 200 Deg/sec D G0s -3 M GOp Resupply 1/2 sec 9,10,11 Hach to Separate Din
THE~(4+-6} 3 £00=750°R +5° 200 deg/sec D GH, T-3 M GHy Resupply 1/2 sec 5,10,11 Each to Separate Do
KP-(4~6) 3 0-100K RPM + 500 10K RPM/aec D - SP=14 FI | PPD~(4=6) Out of Limit A.R. 9,10,11 Each to Separate Diuo
PHEO=(13) 3 0-1500 paia +10 pei | 1500 psifsec D GOy P-7 M G0y Resupply 1/2 sec 9,10,11 ¥ach to Separate Diu
FHEQ - (4~6) 3 0~1500 »sia zi0 psi | 1500 pai/fsec D GH, P-7 M GHy Resupply 1/2 sec| . 9,10,11 Each to Separate Diu
VGFV-(1-3) 3 0/28.VDC +20% ' - - - EX=1 FI |LGFV-({1-3) HNo-Go AR, 9,10,11 Each to Separate Diu
VIED-{1-3) 3 TED TBD - - - Vo-2 FI |G.G. Ignitdon Faillure AR, 9,10,11 Each to Separate Diu
PCY-(1-3) 3 0-1500 +10paia | 1500 pai/sec D GO2 P-7 FI |PoT=-7 Out-Of-Limit AR, ‘9,10,11 Bach to Separate Diun

. FI  {G02 Resupply AR,
PGV~ {4=6) 3 0~1500 pafa +10 peid 1500 pai/sec D GH2 P-7 FPI |PLL-T7 Out-CE-Limit ARy . 9,10,11 Each to Separate Diu
GHZ Resupply AR.




GLDOUT FrRAME 2.

FOLDOUT FRAME l TABIE A-1 (Cont.) ) A-89 and A-90
QCMS MEASUREMENT RROUIREMENTS

¢

SUBSYSTEM: 5.4, OMS Engine

ngﬁgéw QTY, | RANGE & BNTTS égg‘;' RESPONSE e, | 0T I,J’:EYAPE 3‘;?‘ TIME OF DATA ACTIVITY S‘Qﬁf gﬁé ‘ ggt.' ‘ REMARKS

PC~(1-4) 4 0-450 paia + 2 psi [50,000 pei/sec| D Bot Gas  P~& c OM8 Engine Start AR, I 7, 8
M OMS Engine On 20/ sec :

LBIV-(1-4) 4 o/c - 0.5 pec CE |- P24 R Load & Pruges, Prior to AR, : 7, 8

) RCS Start up

LMEV~(1=4) 4 o/c¢ - - 0,01 sec CE |~ PN-6 R OMS Full Thrust,Load&Purgd AR, 7.8

LIOY-(1-4) & Jofc - 0.01 sec CE |- PN-6 R | oM8 Ignition, Load & Purge A.R. 7, 8

LIFV-(1-4) 4 o/c - . 0.0l sec CE |- PN-6 R 0MS Ignition, Load & Purge A R, 7, 8

VBIV-(1~4) 5 0/28 v 207, - - - EX-1 FL | Apparent Valve Failure AR, 7, 8

VMBY=(1-4) 4 0f28 v 20% - - - EX-1 FI | Apparent Valve Failure AR, 7, 8

VIOV-{1~4) 4 0/28 v 200, - - - EX-1 FL | Apparent Valve Fallure AR, 7, 8

VIFV-{l-4) 4 o/28 v 207 - - - EX-1 FI | Apparent Valve Failure AR, 7, 8

VIL«{1-£) 4 0/28 v 207 - - - - | vo-1 FI | Ignition Failure AR, 7, 8
R Load & Purge AR,

ITE-{1-%}) 4 Pulse - - - cyu-1 FI | Ignition Failute AR, 7, 8




EorbouT FRAME |

TABIE A-1 (Cont,)

DCMS MEASUREMENT REQUIRKMENTS

FOLDOUT FRAME Z.

A-91 and A-92

SUBSYSTEM: 6.2, A/E Prop, Management

Ller

[ler

t

TR QIY., | RANGE & TWiTs | AOW. | FESPONSE wre, | JUTD | MEAS. | MAMAL rvum oF paTa AcTIvITY oo AT o REMARKS
PPD-(7-9) 3 0-100 psaia + 2 psi | 20 psifaec D LH, Pn2 M A/B System Active 5/ sec 12,13,14
R Engine Start AR.
FI | Low LH, Supply Pres. AR,
PC=(&1=43) 3 0-1000 psia + 5 pei [ 5000 psifsec D Hot Gag | P=5 C Gas Gen, Start-up AR, 12,13,14
A/B System Active 10/ sec
FI | Low LYy Supply Pres. AR,
PfL=(11-13) 3 0-60 pgla + 2 pel |20 psi/sec D IHy P-1 A/B Eng, Start OK AR, 12,13,14
R Toad & Furge AR, .
M |A/B System Active 5/zec Alse Input to Eng. Contro
~ PI | A/B Engine Failure AR,
PTPL~(1-3) 3 0-100 psig + 1 pei |20 psifsec o Lube Pulh G.G, Running 1/2 sec 12,13,14
R ¥ngine Start A.R.
FI | B.G. Failure AR,
TC={4=6) 3 0-2500"R + 20% 200°/ sec D Hot Gags | T=7 M G.G. Running 1/sec 12,13,14
FI | G.G. Failure AR,
TEL-(6-8) 3 |0-100°R = 5° 10% sec o |, T-1 ¢ | A/B Eng. Start oK AR, 12,13,14 }
R A/B Eng. Start AR, Alse Input te Eng. Gontro
M A/B System Active 5/ aec
FT | A/B Bng, Fallure AR,
TTPL-{L-3) 3  10-1300°R + 1g° 20%/ sec D Lube -5 M G.G. Running 1/2 gee 12,13,14
R Engine Start AR,
FI | G.G. Failure
‘QTPL-(1-3} 3 0-6 inches + 178" |- D Lube L=2 M G.G. Running 1/2 sec oo 12,13,14
R Engine Start AR
PL | 6.G. Fallure AR
HT={4=6) 3 0-100,000rpm |+ 500 1000/ sec CE |- sp-1 3.¢, Runpning 5/ sec 12,13,154
R Engine Start AR,
FI | G.G, or Turbine Failure AR,
LEFV-{4I-6I) 3 o/C - 0.5 sec GE |- PN-24 R AfB System Start-up & Load A.R. 12,13,14
LGFV- (4~6) 3 o/c - 0.5 sec CE |~ Pl 2A R A/B System Start-up & Toad 4_R. 12,13,14
LEOV-{&I~6T} 3 0/C - 0,5 sec CE | - FN«24 R AJB System Start-up & Load AR, 12,13,14
LGOV-(4~6) 3 /¢ - 0.5 aec GE | -~ PN-24A R A/B System Start-up & Toad A.R. 12,13,14
LEIV-(4-6) 3 ofc - 0.2 gec CE { - FH-4 B | A/B System Start-up & Loasd A.R, 12,13,14
LPSY=(7-%) 3 o/ - 0.2 sec CE |~ P-4 R AfB System Start-up & Load AR, 12,13,14
LEFY~(1-12}) 12 u/c - 0.2 sec CE | - TH-4 R A/B System Start-up & Load AR, 12,13,14
YEFY-(41-561) 3 0/28 v 4+ 20% - - = EX-1 FI | Apparent Valve Failure AR, 12,118,148
VGEV=(4=6) 3 0/28 v + 207 - - - E{~-1 FI | Apparent Valve Failure AR, i 12,13,14



EBLBOUT FRAM
EQLOOUT FRAME | e 2

e e ’ TABIE A=l (Cemt.)- A-93 and A-94
’ OCHS. MEASUREMENT REQUIREMENZS (Continued)
SUBSYSTEM:O.2, &/B Prop, Management
IDENTITY QTY. | RANGE & UNETS | ALON. | RESEONSE wre. | ey | e | bap'| TRME OF DaTa acTrvITy | SEMPLE pare ol REMARKS
VGOV-(431~61) 3 0/28 v + 20% - - - 1 EX-1 FI | Apparent Valve Falluze AR, ) 12,13,14
VGOV~ (4561 3 0/28 v + 20% - - - EX-1 -} FI |Apparent Valve Failure AR, 12,13,14
VFIV-(4-6) 3 0/28 v + 20% - - - EX-1 FI { Apparent Valve Failure A.R, 12,13,14
VPSV-(7-9) 3 D/28 v + 207 - .- - EX-1 FI 1§ Apparent Valve Failure AR, 0 12,13,14
VEFV={1=12) 12 ;0/28 ¥ + 20% - - - EX~-1 ¥I | Apparent Valve Fallure AR, 12,13,14
VII=(41-43) 3 0/28 v + 20% - - - V-1 R G.G. Start-up E.0. 12,13,14
VIED~(4-6) 3 |TED - ' - |- -2 ¥i [@.e, Starteup - AR, ] 12,13,14
TIE-(41-43) 2 |TED - - - |- CU-2 % | Engine Start. AR, 12,13,14
FI | Ignlter Failure AR,

AT=(4=6) 3 0.5¢g + 0.5 g | 0=-5000 HZ - CE |- | v-1 M Turbine Running TRD
AP-(7-9) 3 0.5 g + 0.5 g | 0-5000 B2 CE |- -l M Pump Running TED




This table describes the measutrement identity codes of Table a-1,
The codes are listed by types in the following sections:

MEASUREMENT IDENTITY CODES

TABLE A-2

A, Main Engine
B, Airbreathing Engine

C, Orbiter {less engines)
D. oooster (less engines)

A, HMAIN ENGINE

IDENTITY CODE PARAMETER DESCRIPTLION

PfLPTPAS Pressuve, TFuel; LPFIPA Suction

PfLPTPAIi Pregsure, Fuel; LPFTIPA Turbine Inlet

?fLPTPAd Pressure, Fuel; LPFTPA Discharge

PCFPB Chamber Pressure, TTD

POLPTPAs Pressure, Oxidizer; LPOTPA Suction

POLI"J.‘PAd Pressure, Oxidizer; LPOTPA Discharge

PcﬁPﬁ Chamber Pressure, OPB

PheﬂPOTPA Pressure, lieliumi HiPOTPA Seal Cavity

POEPTPAIB Pressure, Oxidizer; UPOTPA Thrust Balancer

PCMCC Chamber Pressure; Main Combustion Chamber

Pvac-FL() Vacuum Pressure, Fuel Line No,

PCPBFMB Pressure, Oxidizer; Preburners Flowmeter OQutlet

PGMCCFMO Pressure, Oxidizer, Main Combustion Chamber
Flowmeter Qutlet

PfFPBi Pressure, Fuelj Fuel Preburner Inlet

PfOPBi Pressure, Fuel; Oxidizer Preburner Inlet

AP _FPBI/C

AP_OPRL/C

APCI/G

Differential Pressure, Fuel; ¥Fuel Preburner
Inlet to Combustion Chamber

Differential Pressure, Tuel; Oxidizer Pre-
burner Inlet to Combustion Chamber

Differential Pressure; Wozzle Coolant Inlet to

Hot Gas llanifold

A-55



A, MAIN ENGIKE

IDENTITY CODE

TABLE A-2 (cont)

MEASUREMENT IDENTITY CODES

{cont)

PARAMETER DESCRIPTION

P _HEQ
o

PfNCO

P, FTPCV,
he i

PheOTPCVi

PhePBSVO

]

PPS
P.S

n
P A

APGAP
APGAY

APHF
PERTRAGSD)
POﬂPTPA(Sl)d
T FPB
T OPB
T PBFM
(]
T _LPTPA

S

T .FRL
T HMCCTFH

[0} Q

G n

o H O

T.FPB.

Pressure, Oxidizer; Heat Exchanger Outlet
(Autogenous System)

Pressure, Fuel; Neozzle Coolant Outlet (Autogenous
System)

Pressure, Helium} lMain TCA Fuel Purge Check

Valve Inlet

Pressure, Helium; Main TCA Oxidizer Purge Check

Valve Inlet

Pressure, Helium; Preburners Purge Solenoid Valve

Outlet

Pressure, Purge System
Pressure, Hydraulic System
Pressure, Hydraulic Accumulator

Differential Pressuresj Gimbal Actuator, Pitch

Differential Pressure; Gimbal Actuator, Yaw

Differential Pressure; Hydraulic System ¥Filter
Pressure, Oxidizer; HPOTPA Stage 2 Discharge
Pressure, Oxidizer; HPOTPA Stage 1 Discharge
Temperature, Fuel- Preburner Combustion Chamber
Temperature, Oxidizer Preburner Ccmbustion Chamber
Temperature, Ozidizer; Preburnetrs Flowmeter Output
Temperature,. Fuel; LPFTPA Suction
Temperature, Fuel Recirculation Line

Temperature, Oxidizer; Main Combustion Chamber
Flowmeter Outlet

Temperature. Fuel: Fuel Preburner Inlet



A, MAIN ENGINE

IDENTITY CODE

TEOPBi

T LPTPA
o s

LFMV
LOMV
LOPBFCV
LOPBOCV
LEPBOCV
LORSV
LFRSV
LFRCV
LGAP
LGAY
LEN
LIOVOPS
LIOVFPB
LIOVMCC

LPOPSV
LMOPSV
LMFPSV
LHSCPSV
LESESV
LPSV
LENSV

A-97

TADLE A-2 (cont)

{cont)

MEASURLMERT IDENTITY CODES

PARAMETER DESCRIPTION

Temperature, Fuel; Oxidizer Preburner Inlet

Temperature, Oxidizer; LPOTPA Suction

Position,
Pogition,
Position,
Position,
Peosition,
Position,
Position,
Position,
Position,
Position,
Position,
Position,
Position,

Position,
Chamber

Position,
Position,
Pogition,
Position,
Position,
Position,

Position,

Fuel Main Valve

Oxidizer Main Valve

OFB Fuel Control Valve

OPH Oxidizer Control Valve

FI's Oxidizer Control Valve
Oxidizer Recirculation Select Valve
Fuel Recirculation Select Valve
Fuel Recirculation Control Valve
Gimbal Actuator, Pitch

Gimbal Actuator, Yaw

Extendible Nozzle

Tgniter Oxidizer Valve, OPB
Igniter Oxidizer Valve, FI'f

Igniter Oxidizer Valve, llain Combustion

Preburner Oxidizer Purge Solenoid Valve
Main TCA Oxidizer Purge Solenoid Valve
Main TCA Fuel Purge Solenoid Valve
HPOTPA Seal Cavity Purge Solencid Valve
Engine System Purge Solenoid Valve
Purge Select Solenoid Valve (GNZ/GHe)

Extendible Kozzle Coolant Valve



A-98

A, MAIN ENGINE

IDENIITY GODE

LENA

LENB
LENC
LENLA
LENLB
LENLC
LNLP
LNLY

IIMCC
II0PB
IIFPE
NLPFTTA
NiPFTPA
NLPOTPA
NHPOTPA
ALPFTPA
AHPFTPA
ALPOTPA
AHPOTPA
THOPB
FHOMCC
DIOPB
DIFPB
DICC
Q,HSR

TABLE A-2 (cont)

MEASUREMENT IDENIITY CODES

(cont)

PARAMETER
Pogition,
Position,
Position,
Position,

Pogition,

-Pogition,

Position,
Position,

DESCRIFTION

1)

Extendible Nozzle, Track A
Extendible Nozzle, Track B
Extendible Nozzle, Track C
ExteﬁdiblevNozzle Lock, Track A
Extendible Nozzle Lock, Track B

Extendible Nozzle Lock, Track C
Gimbal Actuator Null Lock, Pitch

“Gimbal Actuator Null Lock, Yaw

Current, M,C.C. Igniter

Current, OPB Igniter

Current, FPB Igniter
RPM, LPFTPA

RPM, HPFIPA

REM, LPOTPA
RPH, HPOTPA

Vibration
Vibration
Vibration

Vibration

Oxidizer Flowmeter,

Oxzidizer Flowmeter,

LPFIPA
HPFTPA
LPOTPA
HPOTPA

(Acoustic Emission),

"(Acoustic Emission),
(Acoustic Emission),
(Acoustic Emission),
Preburners

HMain Combustion Chamber

. Ignition Detector, OPY

Ignition Detector, FPB

Ignition Detector, MCC

Level, Hydraulic Supply Reservoir



A, MAIN ENGINE
IDENTITY CODE

TFMFPBhe
FMOPkhe
TPV
T OMV

(o] Q
TENCVd

tLIOVOPB
tLIOVFPL
tLIOVMCC

tLPOPSV
tLMOP SV
tLMEFPSV
tLENCV

Be AIRBREATING

TARBLE A~2 {cont)

MEASUREMENT IDENTITY CODES

(cont)

PARAMETER DESCRIPTION

Flow, Puel Preburner Oxidizer Purge
Flow, Oxidizer Preburner Oxidizer Purge
Temperature, Fuel Main Valve Outlet
Temperature, Oxidizer Main Valve Outlet

Temperature, Nozzle Coolant Valve Dischargsa

Tine, Igniter Oxidizer Valve, Oxidizer Preburner
Time, Igniter Oxidizer Valve, Fuel Preburner

Time, Igniter Oxidizer Valve, iain Ceombustion
Chamber

Time, Preburner Oxidizer Purge Solenoid Valve
Time, iain TCA Oxidizer Purge Solencid Valve
Time, MMain TCA Fuel Purge 3olenoid Valve

Time, Extendible Nozzle Coolant Valve

LENGINE

PECCT
PLED
PSP
PG
PFL
PIPT
PED
PDVOVY

Pressure, Fuel Combustion Chamber Inlet
Pressure, Luve Pump Discherge

Pressure, Scavenger Punp Discharge
Pressure, Gearbox

Pressure, Fan Inlet Adr

Pressure, 1iigh Pressure Turbdine
Pressure, Lxhaust Duct

Pressure, Differential, Variable Displacement
Vane Pump

A-99



A-100

TABLE A-2 (cont)

MEASUREMENT IDENTILY CODES

B. AIRBREATHING ENGINE (cont)

IDENTITY CODE PARAMETER DESCRIPTION

PZGL | Pressure, Zero-G Lube
TECCI Temperature, Fuel Combustion Chamber Inlet.
TSPD, Temperature, Scavenger Fump Discharge
TIA Tenperature, Inlet Alr

- THPT Temperature, High Pressure Turbine:

"~ TLD Temperature, Exhaust Duct
TLPTD Temperature, -Low Pressure Turbine Discharge
TCE Temperature, Core Inlet
TTE Temperature, Turbine Blade
TFH Temperature, Fuel Heater
FF 'Flow, Fuel
QLO Quantity, Lube 0il
NHPT RPH, High Pressure Turbine ~
NF RPM, Fan
NVDVP RP¥, Variable Displacement Vane Pump
AFFD Vibration, Front Fan Bearing
AFCB Vibration, TFront -Core Bearing
ALPREB " Vibration, Low Pressure Rear Bearing
LCPRV Position, Cocldown & Pressure Relief Valve
LFIVA/B Position, Fuel Inlet Valve

LSDV Position, Shutoff and Dump Valve



B, AIRBREATHING

TABLE A-Z2 (cont)

MEASUREMENT IDENTITY CODES

ENGINE (cont)

IDENTITY CODE

PARAMETER DESCRIPTION

VFIVA/B
VSDV
ve
VIIA/B
VIEO
VFH
VCPR
111
IrH
FLB
ACEC

Excitation, Fuel Inlet Valve

Excitation, Shutoff and Dump Valve
Excitation, Cartridge (Solid Start)
Voltage, Igniter Input

Voltage, Igniter Exciter Output
Voltage, Fuel Heater ,
Excitation, Cooldown & Pressure Relief Valve
Current, Igniter Input

Current, Fuel Heater

Detector, Burner Flame

Acoustic Monitor, Engine Compartment

C. ORBITER (less engines)

LOIV-1,2
LOVV-(1-4)
LOFV-1
LFIV-1,2
LEEVV=(1-4)
LFFV-1
LOPCV-1,2

LFPCV-1,2

LOIV=3

Position, Oxidizer Isolation Valves; V-1,2
Position, Oxidizer Vent Yalves; V=(3-6)
Position, Oxidizer Fill Valves; V-7
Position, Fuel Isolation Valves; V-8,5
Position, Fuel Tank Vent &aives; ¥-(10-13)
Position, Fuel Fill Valwve; ¥-14

Position, Oxidizer Pressurization Control Valwves;
V-19 » 20 .

Position, Fuel Pressurization Control Valves;
v-21,22

Position, Oxidizer Isolation Valvej V-23

A-101



A-102

TABLE A-2 (cont)

MEASUREMENT IDENTITY CODLES

C. ORBITER (less engines)

IDENTITY. CODE

PARAMETER DESCRIPTION

LOTYV~1,2
L¥IV=3, 4
LETVV~(5-8)
LOPV-1,2
LFPV-1,2

_ LOFG-1

LHC~1,2
LFTVC-1
LIC-3,4
LFFC-1
LHC-5, 6
LHC-7,3
LFVC-1
LBIV~(1-37)

LMEV—-(1-37)
LIOV~(1-37}
LIFV-(i—S?)
LOPV=-(3-6)

LFPV-(3-6)

LGOV-{11-3T)

LGFV-(1I-3T)
LGOV={1~3)

Tosition, Oxidizer Tank Vent Valvesy V-24,25
Position, Fuel Isolation Valves; V-26,27
Position, Fuel Tank Vent Valves; V-(28-31)
Position, Oxidizer Pressurization Valves; V-32,33
Position, Fuel Pressurization Valves; V-34,35
éosition, Oxidizer Fill Coupling; C-L
Position, Helium Coupling-Oxidizerj C-2
Position, Fuel Tank Vent Coupling; C-3
Position, Helium Coupling-Fuel; C-4

Position, Fuel Fill Coupling; C-5

Position, Helium Coupling-Oxidizer; C-6
Position, Lelium Coupling~Fuel; C--8

Position, Fuel Vent Coupling; C-11

Position, Bi=preopellant Isolation Valve; Thrust
Chamber-(1-37) .

Position, Main Bi-propellant Isolation Valve;
Thrust Chamber-(1-37)

Position, Igniter Oxidizer Valve; Thrust Chamber-
(1-37) -

Position, Igniter Fuel Valve; Thrust Chamber
(1-37) )

Position, Oxidizer Pressurization Valves; V-

(36-39)

Position, Tuel Pressurization Valves; V~(40-43)
Position, GO2 Isolation Valves; GOV-(1-3)
Position, GhH2 Iscolation Valves; GFV~(l-3)
Position, GO2 Propellant Valves; GOV-(1-3)



TABLE A-2 {(cont)

MEASUREMERT IDENTITY CODES

C, ORSITER (less engines)

IDENTITY CODE PARAMETER DESCRIPTION

LGEV-(1-3) . Pogition, GHZ Propellant Valves; GFV-(1-3)
LI10V=33,39,40 Position, Igniter -Oxidizer Valves; G—(l—Bf
LIFV-38,39,40 Position, Igniter Fuel Valves; 5-(1-3)
LLIV-1,2,3 Position, LOZ2 Isolation Valves; V-52,53,54
Lesv-1,2,3 Position, Pump Suction Valves; V32,533,534
LFIv-1,2,3 Position, Fuel Isolation Valves; V-53,56,37
LPSV=4,5,0 Pesition, Pump Suction Valves; V-35, 58,37
LGOV={41~-61) ?ositidﬁ, 502 Isolation Valvesy GOV-(4-0)
LGEV=-{4I~01) Position, GaZ Isolation Valves; GFV-(4~6)
LGOV=(4~0) Position, GO02Z Propellant Valvesj GOV~(4~06)
LGFV=(4~0) Position, Gh2 Propellant Valves; GTFV-{4-6)
L¥IV-4,5,6 Position, Fuel Isolation Valves; V-=55,60,67
LP3V-7,0,9 Position, Pump Suction Valves; V-592,060,61
LEFV—-(1-12) Position, Engine Feed Valves:; EFV-{1-12)
LOFV=-2 Pogition, Oxidizer Fill Valve; V-44

LOFE-2 Tosition, Oxidizer Fill Couplingy C-Y
LFFV-2 Position, Tuel Fill Valve; V=70

LTF(-2 Position, Fuel ¥ill Coupling; C-10

PfT-1 Pressure, Fuel tank; T-3 Ullage

PiT-~-2 Pressure, Fuel tankj T-5 Ullage

PET-3 Pressure, TFuel Tank; T-6 Ullage

Pol=-1 Pressure, Oxidizer Tank; T-1 Ullage

PoT-2 Pressure, Oxidizer Tank; T-2 Ullage

PoT-3 Pressure, Oxidizer Tank; T-4 Ullage
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MEASUREMENT IDENTITY CODES

C. ORBITER (less engines) (cont)

IDENTITY CODE  PARAMETER DESCRIPTION

Oxidizer Fill Line -

PoF-l Pressure,

PoS-1;2 Pressure, Oxidizer Suction Line, L-3,4
PoL~-{1-3)" Pressure, Oxidizer Distribution Linesj L-17,13
Pfs-1,2 Pressure, Fuel Suction Lines; L-8,9

P{F-1 Pressure, Fuel Fill Line

PEL-(1~4) Pressure, Fuel Distribution Lines3 L-20,21
PgF-1 Pressure, GH2 Autogenous Line; L-~14 ]
PgF-2 Preséure,.GH2'Autogenous Liney  Wear V=21
PgrF-3 Pressure,- GH2 Autogenous Line; L-l6

Pg0-1 Pressure, Oxidizer Autogenous Linej; L-13
Pg0-2 Préssure, Oxidizer Autogenous Line; Near V-19
- Pg0=3- Pressure, Oxidizer Autogenous Line; Near (-3,4
PgRL~1 Pressure, Helium Recirculation-Oxidizer Line;

N L-7 .

PoT=4,3 Pressure, GOZ Accumulators; T-8,% (Blanket)
PoT-6,7 Pressure, GOZ2 Accumulators; T-8,9

PET-4,5 Pressure, GH2 Accumulators; T-10,1l1 (Blanket)
PET-6,7 Pressure, GH2 Accumulators; T-10,11

PoL-4,5 Pressure, Regulator Inlet; F=6,7

P£L-5,6 Pressure, Regulator Inlet; F-8,9

PoL-6,7. . Pressure, Oxidizer Feedline

PfL-7,8 Pressure, GHZ TFeedline

Pol-8,9 Pressure, Oxidizer Feedline

P£L-9,10 Pressure, GH2 Feedline

PoL-10 Pressure, -Regulator Inlet; F-4

PC=(5=37) Pressure, Chamber; Thrust Chamber-(5-37)



C, ORBITER (less engines)

IDENTITY CODE

TABLE A=2 (cont)

MEASUREMENT IDENTITY CODES

(cont)

PARAMETER DESCRIPTION

PC-(1-4)
PC-(38-40)
PPTL-(1-3)
PPD-(1~6)
PHEO-(1-6)
PCY=(1-6)
PfL-11
PPo-(7-9)
PC-(41-43)
PfL-(11-13)
PTPL~{(1~3)

T£T-1
TET~2
T£T-3
ToT-1
ToT-2
ToT-~3
ToS~1,2
T£S-1,2
Tg¥-1,2
Tg0-1,2
T£L-(1-5)
ToL-(1~-4)
ToT~4,5

Pressure, Chamber; Thrust Chamber—(1-4)

Pressure, Chamber; G-(1-3)

Pressure, Power Train Lube; PT-(1-3)

Pressure, Pump Discharge; P-(1-6)

Pressure, Heat Exchanger Output; L-(4-9)

Pressure, Check Valves; V-(46=31)

Pressure, Regulator Inletj F-3

Pressure, Pump Discharge; P-(7-9)

Pressure, Chamber; G-(4-6)

‘Pressure, Fuel Line; Tan Inlets

Pressure, Turbopump Lube; P-(7-9)

Temperature,
Temperature,
Temperatura,
Temperature,
Temperature,
Temperature,
Temperature,
Temperature,
Temperature,
Temperature,
Temperature,
Temperature,

Temperature,

Fuel Tank;
Tuel Tank;

Fuel Tank;

T~3
T-5
T-6

Oxidizer Tank}

Oxidizer Tank;

Oxidizer Tank;

Oxidizer Suction Lines; L-3,4

Ullage
Ullage
Ullage
I-1 Ullage
T-2 Ullage
T-4 Ullage

Fuel Suction Lines; L-3,Y

Fuel Autogenous Lines; L-14

o
Oxidizer Autogenous Lines; L-13
Fuel Distribution Liues; L-20,21

Oxidizer Distribution Lines, L-17,13

G02 Accumulators; T-3,9
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TABLE A-2 (cont)

HMEASUREMENT IDEWTITY CODES

———-ir

C. ORBITER (less engines) (cont)

IDENTITY GODE PARAMETER DESCRIPTION

TET~4,5 Temperature, GH2, Accumnlator; T—lb,ll
TC-(1-3) Temperature, Clhamber; ¢-(1-3)

TPTL~(1~-3) Temperature, Power Train Lube; PT-(1-3)
TiE-(1-6) Temperature, ﬁeat Exchanger; H-(4-9)
Tr2—{(1-6) Temperature, Tump Bearings; P-(1-6)
TPTB~(1=-3) Temperature, Power Trainm Dearings; PT~-(1-3)
TC—(4~0) Temperature, Chamber; 5-(4-56)

TfL-{(6-8) Teﬁpcrature, Fuel Line; Tan Inlet

TTPL-(1~3)

NET-(1-3)

Temporature, Turbopump Lube; U-(4-6), P-(7-9)

Tuantity,

Fuel Tank; T-3 (Bottom, Middle, Top)

AT-(4~0) Quantity, Fuel Tank; T-5 (Bottom, Middle Top)
QfT-(7-9) Quantity, Puel Tank; T-6 (bottom, iliddle, Top)
30T-(1-3) Quantity, Oxidizer Tank; T-1 (Bottom, Miadle, Top)
{(oT~(4-6) Quantity, Oxidizer Tank; T-2 (Lottom, Middle, Top)
QoT-(7-9) Quantity, Oxidizer Tank; T-4 (Sottom, Middle, Top)
QPTL-(1-3) (uantity, Power Train Lube; PT-(1-3)

QIPL-(1-3) Quantity, Turbopump Lube; P-(7-9)

NT=(1-3) RPII, Turbines; U-(1-3)

NP~ (1~6) RI'M, Pumps; P-(1-6)

Ns~-(1-3) 8PM,.- APU Shaft; PT-(1-3)

HT={4-6) RPM, Turbines; U-(4-~6)



TABLE A=~2 (cont)

MEASUREMENT IDENTITY CODES

C. ORBITER (less engines)

IDENTITY CODE

ﬂcont)

PARAMETER DESCRIPTION

VoIv~1,2
YOVV—(1-4)
VOFV-1
VFIV~1,2
VETVV-(1-4)
YFFV-1
VOPCV-1, 2

VFPGV-1,2

VOIV-3
VOTVV-1,2
VFIV-3,4
VETYV-{5-8)
VOPV-1,2

YFPV-1,2
VBIV=(1-37)

MBV-(1-37)
VIOV-(1-37)
VIFV-(1-37)
VOPV—(3=6)

VEPV~-(3-6)

Excitation,
Excitation,
Excitation,
Excitation,
Excitation,
Excitation,

Excitation,

Oxidizer Isolation Valves; V-1,2
Oxidizer Vent Valves; V-(3-6)
Oxidizer Fill Valve; V-7

Fuel Isolation Valves; V-8,9
Fuel Tank Vent Valves; V~(10-13)
Fuel Fill Valve; V-14

Oxidizer Pressurization Control

Valves; V-19,20

Excitation,
v-21,22

Excitation,
Excitation,
Excitation,
Excitation,

Excitation,
v-32,33

Excitation,

Excitation,

Fuel Pressurization Control Valves;

Oxidizer Isolation Valvej V=23
Oxidizer Tank Vent Valves; V-24,25
Fuel Isolation Valves; V-26,27
Fuel Tank Vent Valves; V-{28-31)

Oxidizer Pressurizetion Valves;

Fuel Pressurization Valvesj V-34,35

Bi-propellant Isolation Valves;

Thrust Chamber-(1-37)

Excitation,

Main Bi~-propellant Valve; Thrust

Chamber=-(1~37)

Excitation, Igniter Oxidizer Valve; Thrust
Chamber~(1«37)

Excitation, Igniter Tuel Valve; Thrust Chamber-
(1-373

Excitation, Oxidizer Pressurization Valves;
V-(36-39)

Excitation,
(40-43)

Fuel Pressurization Valves; V-
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C. ORBITER (less engines)

IDENTITY CCDE

VGOV~(1I-3I)
VGFV-(1I1~31)
VGOV-(1~3)
VGEV=-(1=3)

VIOV-38,39,40
VIFV-38,39,40

VLIV-1,2,3
VPSV-1,2,3
VFIv-1,2,3
VPSV-4,5,6

VGOV-(4I-61)

VGV~ (41~6T)
VGOV~ (4~6)
VGFV-(4-6)
VFIV-4,5,6
VPSV-7,8,9
VEFV-(1-12)
VOFV-2
VFFV-2

VII-(1=37)
VII-(38-40)
VIEO-(1-3)
VII-(41-43)
VIEO-(4-6)

TABLE A-2 {cont)

MEASUREMENT IDENTITY CODES

- Excitation,

- Exeditation,

‘Excitation,

Excitation,

Excitation,

*Excitation,

Excitation,
Excitation,
Excitation,
Excitation,

Excitation,

{cont)

,PARAMETER DESCRIPTION

GOV-(1-3)
GFV-(1-3)
GOV-(1-3)
GEV-(1-3)

Igniter Oxidizer Valves; G-(1-3)

G0Z Isolation Valves:
GhiZ Isclation Valves}
G02 Propellant Valves
GHZ Propeilant Vaives;

Igniter Fuel Valves; G-(1-3) -
LO2 Isolation Valves; V-52, 53,534
Pump Suctién Valves; V~52,53,54
Fuel Isolation Valves; V-55,56,57
Pump Suction Valves; V—55,56,57
GOZ Isolation Valves; GOV-4-6)

Excitation GHZ Isolation Valves; GFV-(4-6)

Excitation,
Excitation,
Excitation,
Execitation,
Excitation,
Excitétion,

Excitation,

Voltage,
Voltage,
Voltaée,
Voltage,
Voltage,

GOZ Propellant Valves; GOV-(4-6)
GH2 Propellant Valves; GFV-(4-06)
Fuel Isolation Valves; V-58,00,062
Pump Suction Valves; V-39, 60,01
Engine Teed Valves; EFV~-(1-12)
Oxidizer Fill Valvey V44

Fuel Fill Valve; V-7u

Igniter Input; Thrust Chamber—(1-37)
Igniter Imput; G-(1-3)

igniﬁer Exciter OQutput; G-(1-3)
Igniter Input; G-{(4-6)

Igniter Bxciter Output; G-{(4-0)
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TABLE A-2 {cont)

MEASUREMENT TIDENTITY CODES

C. ORBITER (less engines)

TDENTITY CODE

(cont)

PARAMETER DESCRIPTION

ITE~(1-37)
IIE-(38-40)
IIE-(41-43)

AT=(1~3)
AP=(1-6)
Ac-(1-9)
AT=(4=6)
4P~ (7-9)

Current, Igniter Input; Thrust Chamber-(1-37)

Current, Igniter Input; G-(1-3)

Current, Igniter Inputi G-{4-6)

Vibration,
Vibration,
Vibration,
Vibration,

Vibration,

Turbine; G-(1-3)
Pump: P-(1-0)
Clutchy PT-(1-3)
Turbine; T-(4—6)
Pump; P-(7-9)
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TABLE A-2

MEASUREMENT IDENWTITY CODES

D. BOOSTER (less engines)

IDENTITY CODE

PARAMETER

DESCRIPTION

LOIV-1,2 ASB
LOVV- (1-4) ASB
LOFV-1  ASB
LFIV-(1-7) ASB
LEVV- (1-4) ASB
LFFV-1  ASR
LOPCY-1,2 ASB

LFPCV-1,2 ASB

LOP-(1-7)
LOFC-1
LHC-1,2
LAVC-1
LHC-3,4
IFFC-1  ASB
LHC=5,6  ASB
IBIV-(1-38)

ASB
ASB
A&B
AGB
ASB

IMBV-(1-38)
LIOV-(1-38)
LIFV-(1-38)
LOPV-(1-8)

LFPV-(1-8)
LRIV-(1-3)

Position,
Position,
Position,
Position,
Position,
éosition,

Position,

Oxidizer Isolation Valve; V-1,2 ASB
Oxidizer Vent Valve; V-(3-6) ASB
Oxidizer Fill ﬁalve: V-7 ASB

Fuel Isolation Valve; V-(8-14) ASB
Fuel Vent-Valve: V-(15-18) A&B
Fuel Fill Valve: V-19 A&B

Oxidizer Pressure Control Valve;

V-20,21 ASB

Position,
AEB

Position,
Position,
Position,
Position,
Position,
Position,
Position,

Position,
TR~ (1-38)

Position,
Position,
Position,

Position,

V-(29-36)
Position,

Pogision,

Fuel Pressure Control Valve; V;22,23

Oxidizer Prevalve V-(77-83) A&B
L02 Fill Coupling; C-1  A&B

L02 Helium Recir. Coupling; C-~2 A&B
Fuel Vent Coupling; C-3 ASB

Helium Coupling - Fuel; G-4 ASB
Fuel Fill Coupling; $-5 A&B

Helium Coupling-Oxidizer; C-6 A&

Bi-Propellant Isolation Valve;

Main Bi~Propellant Valve; TR-(1-38)
Igniter Oxidizer Valve; TR-(1-38)
Igniter Fuel Valve; TR-(1-38)

Oxidizer Pressurization Valve;

Fuel Pressurization Valves; V-(37-44)

Resupply Isolation Valve: V-46,48,50



TABLE A-2

MEASUREMENT IDENTITY CODES

D. BOQSTER (legs engines) (cont)

TDENTITY CODE PARAMETER DESCRIPTION

LRPV-(1-3) “Position, Resupply Propellant Valve; V-45,47,49

LGOV-(11-91) Position, G02 Isolation Valve; GOV-(1-9)

LEOV-(1-9) Position, GO2 Propellant Valve; GOV-(1-9)

LEFV-(1I-9T) Position, GH2 Isolation Valwve; GFV-(1-9)

LGFV-(1-9) Position, GH2 Propellant Valve; GFV-(1-9)

LIOV-(39-47) Position, Igniter Oxidizer Valve; G-(1-9)

LIFV-(39-47) Position, Igniter Fuel Valve; G-(1-9)

LFIV-(8-10) Position, Fuei Isolation Vaive: V-90,92,9%4

LPSV-(1-3) Position, Pump Suction Valve; V-91,93,63

LOTV-(3-5) Position, Oxidizer Isolation Valve; V-57,59,61

LTSV-(1-3) Position, Turbocompressor Suction Valve;
¥-58,60,62 :

LFFC-2 Position, Fuel Fill Coupling; C-9

LFFV-2 Position, Fuel Fill Valve; V-88

LOFC-2 Position, Oxidizer Fill Coupling; C-8

LOFV-2 Position, Oxidizer Fill Valve; V-89

LEDV-(1-4) A&3

LFPV-(9-10) AGR
LFVV-(5-8) ASB
LFVC-2  ASB
LFFV-3  ASB
TEFV- (1-28) ASB

PoT-1  A&B
PoL-1,2 ASB

Position, Feul Distribution Valve;
V-98,99,100 ASB

Position, Fuel Pressurization Valve; V-75,76 ASB

Posgition,
Position,
Position,

Position,

Pressure,

Pressure,

Fuel Vent Valve; V-(70-73) AB
Fuel Vent Coupling; C~L0 A&B
Fuel Fill Valve; V-74 A&B
Engine Feed Valve; EFV-(Ll-28)

Oxidizer Tank Ullage; T-1 ASB

Oxidizer Distribution Line; L-8,9 AsB

A-111



A-112

TABLE A-2

MEASUREMENT IDENTITY GODES

D. . BOOSTER (less engines) (cont)

IDENTITY CODE  PARAMETER DESCRIPTION
PoS-(1-7) A&B Pressure, Oxidizer Suction Lfﬁe;'L-(l—?) ASB
PfT—i ASB Pressure, Fuel Tank Ullage; T-2 ASB
Pfsi(1—7) ASB -Pfessure, Fuel Suétion Line; i~(i3-i9)-£&3
"PoF-1 ASB ' Pressure, Oxidizéf Fill Line; L-11 ASB
_PfF-1 ASB Pressure, Fuel Fill Line; L-21 ASB
"Pg0-8 ASB Pre;sure, Oxidizer Autogenous Line; Upstream
- ‘E-1 A&B
.Pg0-9 A&B Pressure, Oxidizer Autogenous Line; DN stream
. F-1 ASB -
Pg(0~10 A&B- Pressuré, Oxidizer Autogencus Liné; L-24 ASB
PgF;S ASB Pressure, Fuel Autogenous Line; upstream F-2 A&B
PgF-9 A&B Pressure, Fuel Autogenous Line; DNstream F-2 ASB
PgF-10 ASB Pressure, Fuel Autogenous Line; L-<23 ASB
PgRL-1 ASB Pressure, Helium Recirculation Line; L-12 A&B
Pc-({1-38) Pressure, Chamber; Thruster-(1-38)
¥ Pol- 3,4 Pressure, Oxidizer Feedline; Fwd. RCS/Separation,
Boom A ’
' POL-5 Pressure, Regulatof Inlet; F-6
PbL-é,? Pressure, Oxidizer Feédline; Aft Separation,
Boom A
PoL-8 - Pressure, Regulator Inlet; F-7
PoL-9,10 . Pressure, Oxidizer Feedline; Fwd RCS/Separation,
Boom B
PoL-11 Pressure, Regulator Inlet; 7F-4
PoL-12,13 .Pressure, Oxidizer Feedllne, Aft Separation,
: Boom B
Pol-14 Pressure, Regulator Inlet; F-5



TABLE A-2

MEASUREMENT IDENTITY CODES

D. BOOSTER (less engines) (cont)

IDENTITY CODE

PFL-1,2

P£L-3
PEfL-4,5
PFL-6

PfL-7,8

PfL-9
PfL-10,11
PfL-12
PoT-2,3
PoT-4,5.
PoT-6,7

. DoT-8,9
PfT-2?3
PET-4,5
"PET-6,7
P£T-§,9
PHEO-(1-3)
Pe-(39-47)
PPTL-~(1-9)
PPD-(1-3)
PTI~(1-3)
PTD~(1-3)
PPS-(1-3)

P£T-10 ASB

PARAMETER DESCRIPTION

Pressure,
Boom A

Pressure,
Pressure,
Pressure,

Pressure,
Boom B

Pressure,
Pressure,
Pressure,
Pressure,
Pressure,
Pressure,
Pressure,
Pressure,
Pressure,
Pressure,
Pressure,
Pressure,
Pressure,
Pressure,
Pressure,

Pressure,

Pressure,

Pressure,

Pressure,

Fuel Feedline; Fwd. RCS/Separation,

Regulator Iniet; F-10

Fuel Feedline; Aft Separatiom, Boom A
Regulator Inlet; F-l1

Fuel Feedline; Fwd. RCS/Separationm,

Regulator Inlet; F-8

Fuel Feedline; Aft Separation, Boom B
Regulator Inlet; F-9

G02 Accomulator; T-4

G02 Accumulator; T-5

G02 Accululator; T-6

G002 Accumulator; T-7

GH2 Accumulator; T-8

GH2 Accumulator; T-9

GHZ Accumulator; T-10

GH2 Accumulator; T-1l

Heat Exchanger Outlet; H-(1-3)
Chamber; G-(1-9)

Power Train Lube; PT-(1-9)

Pump Discharge; P-(1-3)
Turbocompressor Imnlet; CU-(1-3)
Turbocompressor Discharge; CU-(1-3)
Pump Suction; P-(1-3)

LHZ Cruige Tank; T-12 A&B
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LABLE A-2

MEASUREMENT IDENTITY CODES

D, BOOSTER (less engines) (cont)

IDENTITY -CODE

PARAMETER DESCRIPTION
PfL-(13-19) Pressure, Fuel Feedline; Turbofan Inlets
P£L.-20 A&B Pressure, Regulator Inlet; F-12 A&B
PCV-(1-3) Pressure, Check Valve; V-(51-53)
PCV~(4~6) Pressure, Check Valve; V-(85-87)
ToT-~1 ASB ~ Temperature, Oxidizer Tank; Ullage T-1 ASB
TET-1 ASB ‘Temperature, Fuel Tank; Ullage T-2 ASB
ioL-l,Z A&B Temperature, Oxidizer Distribution Line;
L-8,9 ASB
TfF-1 A&B Temperature, Fuel Fill Line; DNstream V-19 A&B
ToS~(1-7) A&B Temperature, Oxidizer Suction Line; IL-(1-7) ASB
TES-(1-7) ASB Temperature, Fuel Suction Line; L-(13-19) A&B
Tgo-(1-7) ASB  Temperature, Oxidizer Autogenous Line; Engine
Interface
TgF-(L-7) ASB Temperature, Fuel Autogenous Line; Engine
Interface
THE-(f-S) ASB Temperature, Heat Exchanger; H-(1-3)
TPE-(1-3) Temperature, Pump Bearing; P-(1-3)
ToT-(2-5) Temperature, G02 Accumulator; T-(&-7)
TET-(2-5) Temperature, GH2 Accumulator; T-(8-11)
Te-(1-9) Temperature, Chamber; G-(1-9)
TPTL-(1-9) Temperature, Power Train Lube; PT-(1-9)
TCcB-{1-3) Femperature, Turbocompressor Bearings; CU-(1-3)
TfL-él—é) Temperature, Fuel Feedline; Engine Inlet
TET-6  ASH Temperature, Fuel Tank; T-12 ASB
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TABLE A-2
MEASUREMENT TDENTITY CODES

D. BOOSTER (less-éﬁéines) (cont)

NI-(1-9) -
L NP~ (1-3)
- NTC-(1-3)
NS-(1-3)

AT-(1-3)
AP-(1-3)
ATC-(1-3)
AT-(426) ;- .
AT-(7-9)

VOIV-1,2 ASB

VOVV - (1-&) ASB
VOFV-1 ASB

VFIV-(1-7) ASB
VEVV-'(1-4) A48
VEFV-1  ASB
VOPCV-1,2 ASB

VEPGV-1,2 A&B

IDENTITY CODE PARAMETER DESCRIPTION

QoT-(1-3) A&B Quantity, Oxidizer Tank; T-1 A&B
QfT-(1-3) 4A&B Quantity, Fuel Tank; T-2 ASB
QPTL-(1-9) - _ Quantity, Power Train Lube; PT-(1-9)
QET-(4-9) A&B Quantity, Cruise Tank; T-12 ASB

-

- (RPM); Turbine; U-(1-6}, X-(1-3)

5t

-(RPM) ,~ Pump; P-(1-3)

(RPM), Turbocompressoxr; CU-(1-3)
(RPM), Turbine Output Shaft; X-(1-3)

Vibration,
Vibration,
Vibration,
Vibration,
Vibration,

Py

Turbine; U=-(1-3)

Pump; P-(1-3)
Turbocompressor; CU-(1-3)
Turbine; U-(4-6)

Turbine; X-(1-3)

Excitation, Oxidizer Isolation Valve; V-1,2 AGB

Excitation, Oxidizer Vent Valve; V-(3-6) ASB

‘Excitation, Oxidizer Fill Valve; V-7 A&B

Excitation, Fuel Isolation Valve; V-~{8-14) ASB
Excitation, Fuel Vent Valve; V-(15-18) ASB
Excitation, Fuel Fill Valve; V-19 A&B

Excitation, Oxidizer Pressure Control Valve;
V-20,21 A58

Excitation, Fuel Pressure Control Valve;
V-22,23 ASB



A-116

TABLE A-2

MEASUREMENT IDENTITY GODES

D. BOOSTER (less engines) (cont)
PARAMETER DESCRIPTION

IDENTITY CODE

VOP-(1-7) ASB
VBIV-(1-38)AsB

VMBV-(1-38)
VIOV-(1-38)
VIFV-(1-38)
VOPV-(1-8)

VFPV-(1-8)

VRIV-(1-3)
VRPV-(1-3)

VGOV-(1I-9D)
VGOV-(1-9)
VGFV-(1I-9I)
VGFV-(1-9)
VIOV-(39-47)
VIFV-(39-47)
VFIV-(8-10)
VPSV-(1-3)
VOIV-(3-5)

VISV-(1-3)

VEFV-2
VOFV-2

Excitation,

Excitation,
TR-(1-38)

Excitation,
Excitation,
Excitation,

Excitation,
V-(29-36)

Excitation,
V- (37-44)

Excitation,

Ekcitation,
V-45,47,49

Excitation,
Execitation,
Excitation,
Excitation,
Execitation,
Excitation,
Exeitation,
Excitation,

Excitation,
V-57,59,61.

Excitation,

V-53,60,62,
Excitation,

Excitation,

Oxidizer Prevalve; V-(77-83) ASB
Bi~Propellant Isolation Valve;

Main Bi-Propellant Valve; TR-(1-38)
Igniter Oxidizer Valve; TR-(1-38)
Tgniter Fuel Valve; TR-(1-38)

Oxidizer Pressurization Valve;
Fuel Pressurization Valves;

Resupply Isolation Valve; V-46,48,50
Resupply Propellant Valve;

G02 Isolation, Valve; GOV-(1-9)
GO02 Propellant Valve; -GOV-(1-9)
GH2 Isolation Valve; GFV-{1-9)
GH2 Propellant Valve; GFV-(1-9)
Igniter Oxidizer Valve; G-(1-9)
Igniter Fuel Valve; G-(1-9)

Fuel Isolation Valve; V-90,92,94
Pump Suction Valve; V-91,93,63

Oxidizer Isolation Valve;
Turbocompressor Suction Valve;

Fuel Fill Valve; V-88
Oxidizer ¥ill Valve; V-89



TABLE A-2

MEASUREMENT IDENTITY CODES

D. BOOSTER (less engines) (cont)

IDENTITY CODE

PARAMETER. DESCRTPTION

VEDV- (1-4) ASB
VFPV-(9-10) AS3

VFVV-(5-8) A&B
VEFV-3 ASB
VEFV-(1-28)

VII-(1-38)
VII-(39,47)
VIEO-(1-9)

IIE~(1-38)
LIE-~(39-47)

Excitation, Fuel Distribution Valve; V-98,99,100,
84 A&RB

Excitation, Fuel Pressurization Valve; V-75,76
ASB :

Excitation, Fuel Vent Valve; V-(70-73) A&B
Excitation, Fuel Fill Valyve; V=74 A&B
Excitation, Engine Feed Valve; EFV-(1-28)

Voltage, Igniter Input; TR-(1-38)
Voltage, Igniter Input; G-(1-9)
Voltage, Igniter Exciter Output; G-{1-9)

Current, Igniter Input; TR-(1-38)
Current, Igniter Imput; G-(1-9)

A-117



A-118 TABLE A-3

SENSOR CRITERIA

PARAMETER 3 Pressure Meagsurement Type: P.I1-ME

RANGE(SY: O - 50 psia

FLUID{S) IN CONTACT WITH DIAPHRAGM: LH,; GHE; GN,

COMPENSATED OPERATING RANGE:  ~420°F to -120°F

ERROR BAND OVER COMPENSATED RANGE: * 0.5%, 340~

OPERATING TEMPERATURE RANGE: -420°F o + 165°F

MAXTMUM EXPOSURE TEMPERATURE RANGE: (Not Available)

TYPE OF SENSING ELEMENT: Full Bridge

EXCITATION: 10 V.D.C. Nominal

INPUT/QUTPUT RESISTANCE: Estimate: 1 K to 2 K ohms

ELECTRICAL CALIBRATION CHECK: Single internal shunt, by extermal contact closure.

SENSITIVITY: 3 MV/V. nominal

FLAT FREQUENCY RESPONSE: 20 Hz. (possible POGO application)

VIBRATION: Nominal 54 G. RMS, random

OVER PRESSURE FACTOR, NO CHANGE IN PERFORMANCE: 1.0

PROOF PRESSURE: 54 psia

MODNTING: Direct, Flange

WEIGHT /VOLUME: Not Available

OPERATIORAL LIFE: 10 hours, engine operating; 3200 hours ground time

CONNECTOR: (Not Available)
SHELF LIFE: 10 years

SPECIAL NOTES: [Estimated availability of untested units: 12 weeks A.R.O.




TABLE A-3 (Comt.) A-119

SENSOR CRITERIA

PARAMETER ¢ Pressure Measurement Type! P-2-ME

RANGE(S): O -~ 3000 psia

FLUID(S) IN CONTACT WITH DIAPHRAGM: LH,; GHE; GNj

COMPENSATED OPERATING RANGE:  -420°F to -1200F

ERROR BAND OVER COMPENSATED RANGE: 4+ l.0%, 3¢

OPERATING TEMPERATURE RANGE:  -420°F to +165°F

MAXIMUM EXPOSURE TEMPERATURE RANGE: (Not Available)

TYPE OF SENSING ELEMENT: Full Bridge

EXECITATION: 10 V.D.C. nominal

INPUL/OUTPUT RESISTANCE: Estimate: 1 K to 2 X ohms,

ELECTRICAL CALIBRATION CHECKQ Single internal shunt by external contact closure.

SENSITIVITY: 3 MV./V nominal

FLAT FREQUENCY RESPONSE: 10 Hz

VIBRATION: Nominal 54 G. RMS random

OVER FPRESSURE FACTOR, NO CHANGE IN FERFORMANCE: 1.0

PRCOF PRESSURE: Approximately 3600 psia

MOUNTING: Direct, Piange

WEIGHT/VOLUME: Not Available

OPERATIONAL LIFE: 10 hours, engine operating; 3200 hours ground time

CONNECTOR : (ot available)
SHELF LIFE: 10 years

SPECTIAL NOTES: Estimated availability of untested units: 12 weeks A.R.O.




A-120 TABLE A-3 _(Cont.)

SENSOR CRITERIA

PARAMETER: Pressure - Mégsurement Type: P-3-ME
RANGE(S): O - 100 psia
FLUID(S) IN CONTACT WITH DIAPHRACM: LHy; GHE; GN,

COMPENSATED OPERATING RANGE: ~420°F to ~1200F

ERROR_BAND OVER COMPENSATED BANGE: + 1.0%, 30"

OPERATING TEMPERATURE RANGE: ~-420°F to +165°F-

MAXIMUM EXPOSURE TEMPERATURE RANGE: .- (Not Available)

TYPE OF SENSIRG ELEMENT: Full Bridge

EXCITATION: 10 V.D.C. nominal
 INPUT/OUIPUT RESISTANCE: 1K to 2K ohms (estimated)
BLECTRICAL CALIBRATION CHECK: - Single {nternal shunt by external contact closure.

SENSITIVITY: 3 MV/Volt nominal

FLAT FREQUENCY RESPONSE: 20 Hz

VIBRATION: Nominal 54 G's RMS random

OVER PRESSURE FACTOR, NO CHANGE IN PERFORMANCE: 1.2

PROOF PRESSURE: 150 psia

- MOUNTING: Direct, Flange

WEIGHT/VOLUME: (Not available)

OPERATIONAL LIFE: _ 10 hours, engine operating; 3700 hours ground timé.

CONNECTOR : (Not available)
SHELF LIFE: 10 years

SPECTIAL NOTES: Estimated availability of untested units: 12 weeks A.R.O.




TABLE A-3 (Cont.) A-121

SENSOR CRITERIA

PARAMETER:  Pressure Measurement Type: P-4-ME

RANGE(S): O - 6000 psia, O - 3500 psia

FLUID(S) IN CONTACT WITH DIAPHRAGM: Hot Gas, Hyp-Rich; GHE; GN,

COMPENSATED OPERATING RANGE: 0 to +300°F

ERROR BAND OVER COMPENSATED RANGE: + 0.5%, 36~

OPERATING TEMPERATURE RANGE: -65 to +300°F

MAXTMUM EXPOSURE TEMPERATURE RANGE: (Not Available)

TYPE OF SENSING ELEMENI:  Full Bridge

EXCITATION: 10 V. D.C. nomimal

INPUT/OUTPUT RESISTANCE: 1 K to 2 K ohms (estimated)

ELECTRICAL CALIBRRATION CHECK: Single internal shunt by external contact closure.

SENSTTIVITY: 3 MV/V nominal

FLAT FREQUENCY RESPONSE: 20 Hz (min)

VIBRATION: Nominal 45 G's RMS random

OVER FRESSURE FACTOR, NO CHANGE IN PERFORMANCE: 1.0

PROOF PRESSURE: 7200 psia; 4000 psia

MOUNTING: Direct, Flange

WEIGHT/VOLUME: (Not Avatflable)

OPERATIONAL LIFE: 10 hours, engine operating; 3200 hours ground time,

CONNECTOR:  (Not available)
SHELF¥ LYFE: 10 years

SPECIAL NOTES: Estimated availability of untested units: 12 weeks A.R.O.




A-122 TABLE A-3 (Comnt.)

SENRSOR CRITERIA

PARAMETER : Pressure Meagurement Type: p-5-ME

RANGE(S): O ~ 300 psia

PLUID(S) IN CONTACT WITH DIAPHRAGM: LOX; GN,

COMPENSATED OPERATING RANGE: -300°F to O°F

ERROR BAND OVER COMPENSATED RANGE: + 0.5%, 3¢

OPERATING TEMPERATURE RANGE: -300°F to +165°F

MAXIMUM EXPOSURE TEMPERATURE RANGE: (Not Available)

TYPE OF SENSING ELEMENT: Full Bridge

EXCITATION: 10 V D.C. nominal

INPUT/OUTPUT RESISTANCE: 1 K to 2 K ohms (estimated)

ELECTRICAL CALIBRATION CHECK: Single internal shunt by external contact closure.
SENSITIVITY: 3 MV/Volt nominal

FLAT FREQUENCY RESPONSE: 20 Hz

VIBRATION: Nominal 54 G's RMS random

OVER FRESSURE FACTOR, NO CHAHGE‘ IN PERFORMANCE: 1.0

PROOF PRESSURE: 360 psia

MOUNTING: Direct, Flange

WEIGHT/VOLUME: (Not Available)

OPERATIONAL LIFE: 10 hours, engine operating} 3200 hours growid tise.
COMNECTOR ¢ {Not Available)
SHELF LIFE: 16 years

SPECIAL NOTES: Estimated avaiiability of untested units: 12 weeks A.R.O..




A.123
TABLE A-3 (Cont.)

SENSOR CRITERIA

-

PARAMETER : Pressure Measuirement Type: P-6-ME

RANGE(S): 0 '--750 psia
FLUID(S) IN CONTACT WITH DIAPHRAGM: LOX; GNp

COMPENSATED OPERATING RANGE: -300°F to Q°F

ERROR BAND OVER COMPENSATED RANGE: + 1%, 39

OPERATING TEMPERATURE RANGE:  =3009F to +165°F

MAXTMUM EXPOSURE TEMPERATURE RANGE: (Not Available)

TYPE OF SENSING ELEMENT: Full Bridge

EXCITATION: 10 V D.C. nominal

INPUT/OUTPUT RESISTANCE: 1 K to 2 K otms (Estimated)

ELECTRICAL CALIBRATION CHECK: Single internal shunt by external contact closure.

L T
SENSITIVITY: 3 MV/V nomimal

FLAT FREQUENCY RESPONSE: 20 Hz

VIBRATION: Nominal 54 ¢'s RMS random

OVER PRESSURE FACTOR, NO CHANGE IN PERFORMANCE: 1.0

PROOF PRESSURE: 840 psia

MOUNTING: Direct, Flange

WEIGHT /VOLUME: {Not Available)

OPERATIONAL LIFE: 10 hours, engine operating; 3200 hougs ground time,

CONNECTOR:  (Not Available)
SHELF LIFE: 10 yesars

SPECIAL NOTES: [Estimated availability of untested units: 12 weeks A.R.O.




A-124 TABLE A-3 (Cont.)

SENSOR CRITERIA

PARAMETER : Pressure Measurement Typey P-7-ME

RANGE(S): O - 50 psia

FLUID(S) IN CONTACT WITH DIAPHRAGM: GHE, GOX, GH,

COMPENSATED OPERATING RANGE:  -100°F to +200°F

ERROR BAND OVER COMPENSATED RANGE: + 1. 57.‘, 30

OPERATING TEMPERATURE RANGE: =-1009F to +200°F

MAXIMUM EXPOSURE TEMPERATURE RANGE: (No't Available)

TYPE OF SENSING ELEMENT: Full Bridge

EXCITATION: 10 V D.C. nominal

INPUT/QUIPUT RESISTANCE: 1 K to 2 K ‘ohms (estimated)

ELECTRICAL CALIBRATION CHECK: . Single intarnal shunt by external closure.
SENSITIVITY: 3 MV/V nominal

FLAT FREQUENCY RESPONSE: <« 20 Hz

VIBRATION: Nominal 54 G's RMS random

QVER PRESSURE FACTOR, NO CHANGE IN PERFORMANCE: 1.0_

PROOF PRESSURE: 60 psia
MOUNTING: Direct,. Flange

WEIGHT/VOLUME: (Not Available)

OPERATIONAL LIFE: 10 hours, engine operatingj 3200 hours ground time,

CONNECIOR : (Not Available)
SHELF LIFE: 1) years

SPECIAL NOTES: Estimated availabi_lity of untested un:lts:' 12 weeks A.R.O,



A-125
TABLE A-3 (Conmt.) ‘

SENSOR CRITERIA

PARAMETER Pressure Measurement Type: P-8-ME

RAKGE(8) : 0 - 8000 psila, 0 - 3000 psia

FLUID(S) IN CONTACT WITE DIAPHRAGM: LOX; GN,

COMPENSATED OPERATING RANGE: -300°F to O°F

ERROR BAND OVER COMPENSATED RANGE: + 1.5%, 3G and + 0.5%, 34

OPERATING TEMPERATURE RANGE: ~300°F to +165°F

MAXTMUM EXPOSURE TEMPERATURE RANGE: (Not Available)

TYPE OF SENSING ELEMENT: Full Bridge

EXCITATION: 10 V D.C. nominal

INPUT/OUTPUT RESISTANCE: 1Xto2K ohms {estimated)

ELECTRICAL CALIBRATION CHECK: Single internal shunt by externmal contact closure,
SENSITIVITY: 3 MV/V nowminal

FLAT FREQUENCY RESPONSE: 100 Hz (estimate)

VIBRATION: Nominal 54 G's RMS random

OVER PRESSURE FACTOR, NO CHANGE IN PERFORMANCE: 1.0

PROOF PRESSURE: 9,000 psia, 6,000 psia

MOURTING: Direct, Flange

WEIGHT/VCLUME: (Not Available)

OPERATIONAL LIFE: 10 hours, engine oPerating;b 3200 hours ground time,

CONNECTOR : (Hot Available)
SHELF LIFE: 10 years

SPECIAL NOTES: Estimated availability of untested units: 12 weeks A.R.O.



A-126 TABLE A-3 (Cont.)

SENSOR CRITERIA

PARAMETER: Pressure Meagurement Type: P-9-ME

RANGE(S): 0 =- 100 wmicrons:

FLUID(S) IN CONTACT WITH DIAPHRAGM: Air, GH,

COMPENSATED OPERATING RANGE: Ambient

ERROR BAND OVER COMPENSATED RANGE: ' +20%

OPERAT ING TEMPERATURE RANGE: - -65 to +165°F

MAXIMUM EXPOSURE TEMPERATURE RANGE: (Not Available)

TYPE OF SENSING ELEMENT: Thermocouple-

EXCITATION: Not Applicable - -

" INPUT/QUTPUT RESISTANCE: Not Applicable

ELECTRICAL CALIBRATION CHECK: If sensor opens, zero output should result,‘

SENSITIVITY: Not Available -~ estimate one micron

FIAT FREQUENCY RESPONSE: 1 sec, zero to atm.

VIBRATION: Nominal 54G's RMS random

OVER PRESSURE FACTOR, NO CHANGE IN PERFORMANCE:

PROOF PRESSURE: 54 psia

MOUNTING: Direct, Flange

WEIGHT/VOLUME: (Not Available)

OPERATIONAL LIFE: 10 hours, engine operating; 3200 hours ground time.
CONNECTOR: (Not Available)
SHELF LIFE:. 10 vears

SPECJAL NOTES: No estimate of availability, similar units supplied in past for
missiles, but no direct applicability.
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TABLE A-3 (Cout.)

SENSOR CRITERTA

PARAMETER: Pressure Measurement Type: P-10-ME

RARGE(S)Y: 0 - 7000 psia

FLUID(S) IN CONTACT WITH DIAPHRAGM: LHy; GNp

COMPENSATED OPERATING RANGE: -300°F to O°F

ERROR BAND OVER COMPENSATED RANGE: + 0.5%, 3¢

OPERATING TEMPERATURE RANGE: -300°F to +165°F

MAXIMUM EXPOSURE TEMPERATURE RANGE: (Not Available)

TYPE OF SENSING FLEMENT: Full Bridge

EXCITATION: 10 V. D.C. nominal

INPUT/OUTPUT RESISTANCE: 1 K to 2 K ohms (estimated)

ELECTRICAL CALIBRATION CHECK: Single internal shunt by external contact closure
SENSITIVITY: 3 MV/V nominal

FLAT FREQUENCY RESPONSE: 20 Hz

VIBRATION: Nominal 54 G's RMS random

OVER PRESSURE FACTOR, NO CHANGE IN PERFORMANCE: 1.0

PROOF PRESSURE: 8400 psia

MOUNTING: Direct, Flange

WEIGHT/VOLUME: (Not Available)

OPERATIONAL LIFE: 10 hours, engine operating; 3200 hours ground time,

CONNECTOR: (Not available)
SHELF LIFE: 10 years

SPECIAL NOTES: 12 weeks, etc. etc,




A-128 TABLE A-3 (Cont.)

SENSOR CRITERIA

PARAMETER: Pressurej 0-1500 psid Meagurement Typet P-11-ME

RANGE(S): O - 1000 psid

FLUID(S) IN CONTACT WITH DIAPHRAGM: LH,/GH,: Hot Gas; GHE; GN,

COMPENSATED OPERATING RANGE: -200 to +100°F

ERROR BAND OVER COMPENSATED RANGE: + 0.75%, 307

OPERATING TEMPERATURE RANGE: -200°F to +165°F

MAXIMUM EXPOSURE TEMPERATURE RANGE: (Not Available)

TYPE OF SENSING ELEMENT: Full Bridge

EXCITATION: 10 V D.C. nominal

INPUT/OUTPUT RESISTANCE: (Not Available)

ELECTRICAL CALIBRATION CHECK: Single internal shunt by external contact closure.

SENSITIVITY: 3 MV/V nominal

FLAT FREQUENCY RESPONSE: 20 Hz

VIBRATION: Nominal 54 G's RMS random

OVER PRESSURE, NO CHANGE IN PERFORMANCE:

COLD SIDE: 6800 maximum working pressure
HOT SIDE: 6000 maximum working pressure

PROOF PRESSURE: 8160 psia

MOUNTING: (Not Available)

WEIGHT/VOLUME: (Not Available)

OPERATIONAL LIFE: 10 hours, engine operating; 3200 hours ground time.

CONNECTOR: {Not Available)
SHELF LIFPE: 10 years

SPECIAL NOTES: This item would require extensive development. At least 15 months
for a prototype is required.
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IABLE A-3 (Cont,)

SENSOR CRITERIA

PARAMETER: Pressure Measurement Type: P-12-ME

RANGE(S): O - 200 psid

FLUID(S) IN CONTACT WITH DIAPHRAGM: Cokd GHé; GHE; GNg

COMPENSATED OPERAT ING RANGE: -~300 to +0°F.

ERROR BAND OVER COMPENSATED RANGE: <+ 2%, 3 Q@

OPERATING TEMPERATURE RANGE: -300°F to +165°F

MAXIMUM EXPOSURE TEMPERATURE RANGE: (Not Available)

TYPE OF SENSING ELEMENT: Full Bridge

EXCTITATION: 10 V D.C. nominal

INPUT/QUTPUT RRSISTANCE: (Not Available) estimate 350 to 2000 ohms.

ELECTRICAL CALIBRATION CHECK: Single internal shunt by external contact closure,

SENSITIVITY: 3 MV/V mominal

FLAT FREQUENCY RESPONSE: 20 Hz

VIBRATION: Nominal 54 G's RMS random

OVER PRESSURE, NO CHANGE IN PERFORMANCE:

HIGH SIDE: 7000 psi=a

LOW SIDE: 3860 psia
PROOF: 8400 psia
MOUNTING: (Not Available)

WEIGHT/VOLUME: (Not Available)

QPERATIONAL LIFE: 10 hours, engine operating; 3%00 hours ground time,

CONNECTOR: (Not Available)

SHELF LIFE: 10 years

SPECIAL NOTES: Availability of untested units estimated 12 - 15 weeks A.R.O.



A-130 TABIE A-3 (Cont.)

SENSOR CRITERIA

Mﬁ&‘ Pressure’ ) Meagurement Type: FP-13-ME
RANGE(S): © - 1500 psia; 0 -~ 2000 psia

FLUID(S) IN CONTACT WITH DIAPHRAGM: GO,; GH,jGHE

COMPENSATED OPERATING RAKGE: 0 - 300°F

ERROR BAND OVER COMPENSATED RANGE: + 0.5%, 3

OPERATING TEMPERATURE RANGE: -65 to +300°F

MAXIMUM EXPOSURE TEMPERATURE RANGE: (Not Available)

IYPE OF SENSING ELEMENT: Full Bridge

EXCITATION: 10 V D.C. nominal

INPUT/OUTPUT RESISTANCE: * 1 K to 2 K ohms (estimated)

ELECTRICAL CALIERATION CHECK: Single internal shunt by external contact closure,

SENSITIVITY: 3 MV/V nominal

FLAT FREQUENCY RESPONSE: (Zexro to full scale in 2 seconds)

VIBRATION: Nominal 54 G's RMS random

OVER PRESSURE FACTOR, NO CHANGE IN PERFORMANCE: 4.0

PROOF PRESSURE: 8400 psia

MOUNTING: Direct, Flange

WEIGHT /VOLUME: (Not Available)

OPERATIONAL LIFE: 10 hours, engine operating; 3200 hours ground time,
CONNECTOR: (Not Available)

SHELF LIFE: 10 years

SPECIAL NOTES: Availability, untested units; 12 - 18 weeks, A.R.O.




A-131
TABLE A-3 (Cont.)

SENSOR CRITERIA

PARAMETER: TPressure Measurement Type: P-14-ME -

RANGE(S): O - 1500 psia

"FLUID(S) IN CONTACT WITH DIYAPHRAGM: . GHE; GN,y

COMPENSATED OPERATING RANGE: -657 to +165°F

ERROR BAND OVER COMPENSATED RANGE: + 1.5%, 3¢

OPERATING TEMPERATURE RANGE: -65°F to +165°F

MAXTIMUM EXPOSURE TEMPERATURE RANGE: (Not Available)

TYPE OF SENSING ELEMENT: Full Bridge

EXCITATION: 10 V D.C. nominal

INPUT/QUIPUT RESISTANCE: .35 to 2 K ohms (estimated)

ELECTRICAL CALIBRATION CHECK: Single internal shunt by external contact closure.

SENSITIVITY: 3 MV/V nominzl

FLAT FREQUENCY RESPONSE: Estimate 20 Hz

VIBRATION: Nominal 54 G's RMS random

OVER PRESSURE FACEéR, NO CHANGE IN PERFORMANCE: 1,2

PROOF PRESSURE: 2250 psia

MOUNTING: Direct, Flange

WEIGHT/VOLUHE: (Not Available)

OPERATIONAL LIFE: 10 hours, engine operating; 3200 hours ground time,
CONNECTQR: (Not Available)
SHELF LIFE: 10 years

SPECIAL NOTES: Estimated availability: 12 weeks A.R.0., untested.




A-132 TABLE A-3 (Comnt,)

SENSOR CRITIERIA

HYDRAULIC SYSTEM MEASUREMENTS: Measurement Type: P-~15-MFE

The system is undefined at this time.

As a minimum, system pressure, accumulator pressure, gimbal actuator
A P's, filter AP, and reservoir level are required.

The flat response of the ISP'B should be 10 Hz (gimbal frequency).

Design limit pres;zure should be the basis for over-pressure capability,
which must take into account the surge peaks. Also, proof should be 1.2 x

design limit, and burst should be 1.5 x design limit.



TABLE A-3 (Cont.) A-133

SENSOR CRITERIA -

PARAMETER: Temperature Measurement Typey IT-16-ME
RANGE: 460°R to 2200°R

PRECISION: + 3°R

SENSING ELEMENT: Platinum

FLUID(S) IN CONTACT WITH PROBE: Hydrogem - rich combustion gas; GHE; GNj

EXCITATION: Constant current

ELECTRICAL CALIBRATION CHECK: None in probe., Suggest four wire system, with
. calibration check circuitry in series with probe.

PRESSURE RATINGS:
HAi. WKG: 6000 psia
FROOF: 7200 psia
MOUNTING: Direct, Flange

TIME CONSTANT: £ 0.5 sec. in gas stream,

SELF HEATING ERROR: {(Not Available)

STEM CONDUCTION ERROR: (Not Awailable)-

INIERCHANGEABILITY: (Not Available)

VIBRATION: Nominal 34 G's RMS, random

OPERATING TEMPERATURE RANGE: 4&D0°R to 2200°K

CONNECTOR: {Not Available)

WEIGHT/VOLUME: (Not Available)

SHELF LIFE: 10 years

OPERATIONAL LIFE: 10 hours, engine operating; 3200 hours ground time,

SPECIAL NOTES: Estimated availability of untested units, 12 - 18 weeks A.R.O.



TABLE A-3 (Cont.)

A-134
SENSOR CRITERIA
PARAMETER: Temperature Meagurement Type: T-17-ME

RANGE: 30°R to 300°R
PRECISION: + 0.3%R; + 0.6°R

SENSING ELEMENT: Platinum

FLUID(S) IN CONTACT WITH PROBE: LOX; LHy; GN,; GHE.

EXCITATION: Constant current

ELECTRICAL CALIBRATION CHECK: None in probe. Suggest four wire system with
) calibration check circuitry in series with probe.

PRESSURE RATINGS:
HAX.. WRG: 7500 psia
PROOF: 92000 . psia
MOUNTING: Dirxect, Flange

TIME CONSTANT: < 0.5 sec. in flowing liquid

SELF HEATING ERROR: {(Not Available)

STEM CONDUCTION ERROR: (Not Available)

INTERCHANGEABILITY: (Not Available)

VIBRATION: Nominal 54 G's RMS, random

OPERATING TEMPERATURE RANGE: 30°R to 3565°R

CONNECTOR: (Not Available)

WEIGHT/VOLUME: (Not Available)

SHELF LIFE: 10 years

OPERATIONAL LIFE: 1_(5 hours; engine bp&ra@tixig; 3200 hours ground time,

SPECYAL ROTES: Estimated a\;ailability of untested units: 12 - 18 weeks A.R.O,



TABLE 4-3 (Cont.) A-135

SENSOR CRITERIA

PARAMETER: Position, Analog, limear travel. Measurement Type: Pﬁ-lS-ME

STROKE: 0.5"; 1"

LINEARITY: 0.5% nominal
RESQLUTION: infinite
RESISTANCE: 10,000 ohms nominal
EXCITATION: 10 V. D,C.

OPERATING TEMPERATURE RANGE: «200°F to +165°F

N
OPERATING PRESSURE RANGE: Ambient sea level to space vacuum.

VIERATION: nominal 54 G's RMS, random

MINIMUM OPERATING CYCLE RATING: 5 x 106 .

INTERCHANGEABILITY: {(Not Available)

MOUNTING: On components, extermal. (Details not available).
CONNECTOR: (Mot Available)

WEIGHT/VOLUME: {(Not Available)

ELECIRICAL CALIBRATION CHECK: Set end point mechanical travel to give.a 5 or 107
voltage output residual, - if sensor opens, output
voltage jumps to a forbidden level (requires stored
logic).

AVATIABILITY: 12 - 18 weeks, depending upon configuration requirements.




A-136 TABLE A-3 (Cont.)

SENSOR CRITERIA

PARAMETER: Position, Discrete Meagurement Typet PN-19-ME

LOGIC: Two-level voltage output; V; = 1V D.C.; V,& 28 V b.C.

OPERATING TEMPERATURE RANGE: -300°F to 165°F

HYSTERESIS: -0.001" to 0.005" (estimate)

APPLICATION: Direct-acting solenoid valves; extendible nozzle mechanisms;
. gimbal actuator null lock;

OPERATIONAL CHECK: Simulation of pdsition change by external contact closure,

QPERATING PRESSURE RANGE: Sea level ambient to space vacuum.

MOUNTING: Component, external; (Details not available).

SPECIAL NOTES: In many cases, these sensors will be on solenoid valves with
0.030" to 0.050" travel. Redundant sensors in both open and
closed positions may be required, The sensor should be integrated
with the valve. Considerable development is anticipated.

CONNECTOR: (Not Available)



TABLE A-3 (Cont,) 4-137

SENSOR CRITERIA

PARAMETER: Vibration Measurement Type: V-20-ME

TEMPERATURE RANGE: -400°F to +165°F

DESCRIFTION:

SPECIAL NOTE:

This sensor is intended to sexve as a bearing/turbine/pump condition
monitoring devigce. The principle impetus is the avoidance of a total

bearing failure in a LOX pump. A secondary objective is to prevent
a similar occurrence in an LHy pump.

The intended method for avoiding failure is to monitor acoustic

"emission during engine operation, recording data, and analyzing the

data for trends and absolute limits.

The device is intended to be used as a flight safety monitor, to

initiate an emergency shutdown in the event of detection of a level
in excess of allowable,

The device must contain a self-check feature to be assured that
(1) the tramnsducer is functional, and, (2) the input/level
discrimination circuits are functional.

No device is known whiich. is readily available, As a baseline, the
technique described in the following paper is suggested: (1) )
"Incipient Failure Detection in Bearings," Harvey L. Balderston;
(Boeing Company, Seattle Washington). American Society for Non-
Destructive Testing, National Conference, 28th., Detroit, Michigan,
October 14 - 17, 1968 Paper 17p.

OPERATING LIFE: 10 hours, engine cperating; 3200 hours ground time,

VIBRATION: 54G's RMS random, to 2000 Hz.

SHELF LIFE:

10 yvears

CONNECTOR: (Not available)

INTERCHANGEABILITY: Replacement of the sensor must not require adjustment of

o®

electronics at a remote point. Software adjustment in the
engine controller is permissible.



_ A-138 TABLE A-3 (Cont.)

SENSOR CRITERIA

PARAMETER: Displacement Measurement Type: X~21-ME

TEMPERATURE RANGE: -420°F to +165°F

DESCRIPTION: This sensor is ‘intended to serve as a bearing/turbine/pump condition
©  monitoring device. - The principle impetus is the avoidance of a total
bearing failure in a LOX pump. A secondary objective is to prevent
a ‘similar occurremce in an LH, pump.

The intended wmethod for avoilding failure is the detection of
turbopump shaft displacement during engine coperation, recording
data and analyzing for trends and absolute limits.

Based ‘on 'wear patterns, & resolution of the order of 0.0001" to
0.0005", in a full scale range of perhaps 0.005" or 0.010" is
required, Stability and calibration criteria must be determined
on these values,

It {5 also intended that the sensor system be used as a flight
gafety monitor to initiate engine shutdown should deflection exceed
predetermined levels,

The device must contzin a self-check feature to assure that sensor
and its associated electronics are functioning,

SPECIAL NOTE: No proven device is known to exist. The closest approach is a
system built by Kaman Nuclear Company, Colorado Springs, Colorado.
It is in ‘use at Aerojet Liquid Rocket Company, in conjunction with
the NERVA bearing test program. "Resolutions to 0.0001" have been
demonstrated.

OPERATING LIFE: 10 hours, engine operating; 3200 hours ground time,

VIBRATION: 54 G's RMS random, to 2000 Hz

SHELF LIFE: 10 years

CORNECTOR: (Not Availahle) .

INTERCHANGEABILITY: Replacement of the sensor must not require adjustment of

electronics at a remote point, Software adjustment
within the engine controller is permissible.
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TABLE A-3 (Conmt.)

SENSOR CRITERIA

PARAMETER: Ignitiom Measurement Type: D-22-ME

APPLICATION:

Preburner and main combustion chambers.

RESPONSE TIME: 5 nilliseconds

PRESSURE RATING:

MAX, WKG: 6000 psia

PROOQF:

7200 psia

MIXTURE RATIQ AT IGNITION: 2:1 (Approximately)

PROPELLANTS :

»

Oxygen; hydrogen

IGNITION SOURCE: Spark

INTENDED USE:

As a start sequence safety monitor, to initiate sequence terminationm
if ignition is not sensed in (Not Available) seconds. The choice
of response time is estimated based on desire to detect the
succéssful ignition as rapidly as possible in relation to valve
opening times and total engine start time. The actual ignition
event may not occur until 0.1 to 0.5 seconds after initiation of

- the start signal,

INTERCHANGEABILITY: Replacement of a sensor shall not require adjustment to

SELF_CHECK:

electronics in the engine controller. Software changes are
permissible,

Sensor system shall contain a self-check feature which assures the
sensor is functioning. .The signal must be capable of interpretation
by the engine controller

OPERATING LIFE: 10 hours accuwirlated mission time. Actual sensing time £ 150

SHELF LIFE:

seconds. 3200 hours ground operating time,

10 yearé

QUTPUT VOLTAGE: (Not Avajlable) As high as possible up to 28 V.

AVATLABILITY:

No device is known to exist. Infra-red sensing via a sapphire or
quartz window is possible, but sealing effectiveness must be
demonstrated.
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SENSOR CRITERIA

PARAMETER: Plow Meassurement Type: F-23-ME

RANGE: To 0.1 pounds/second

FLUID(S): GHE, GOX

OPERATING TEMPERATURE RANGE: ~-200°F to 165°F

PRESSURE ¢

WKG: 1500 psia
PROOF: 9000 psia

OUTPUT SIGNAL: May be analog or discrete. Discrete ﬁill be set for flow.

ALLOWABLE PRESSURE DROP: (Not Available) Must be minimized for maximum purge
; flow capability.

VIBRATION: Nominal 54 G's RMS random, to 2000 Hz

MOUNTING: In~line, Flange.

SELF-CHECK: Must contain electrical function check, stimulated by external contact
closure, or other similar approach. Loss of coatinuity must be

readily identifiable.

WEIGHT/VOLUME: (Not Available)

OPERAIIONAL LIFE: 10 hqﬁrs, engine gpe:afiné;_BZOO hours ground time,
SHELF LIFE: 10 years

CONNECTOR: (Not Available)

RESPONSE:- 50 milliseconds, one time const.

REPEATABILITY: + 5%, 3¢ {set point or analcg output)

SPECIAL NOTES: Estimated availability, 12 - 18 weeks A.R.O., untested units.
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SENSCR CRITERIA

This sheet is intended only to identify the need for RPM, flow, current,
and ‘liquid level sensors. Final system designs will dictate the requirements.

The RPM sensors are required for pumps. Operating teﬁperature range is
=420°F to +165°F. \

The turbine flowmeters are in the engine baseline, but may be removed. Thé
general requirement is for LOX flow to about 900 pounds/second, and fuel (LHg)
flow to about 150 pounds/second.

The liquid level system is regired for the yet-to-be-defined hydraulic
system,

Significant points to include:

a. Pressures

b. Vibration

¢. Checkout .

d. Precision‘

e. Response

f. Interchangeability

g. Operating Life

Meagsurement Type: CU-24~ME
SP-24-ME
F-24-ME
Q- 24-ME,
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A-142
SENSOR CRITERIA
PARAMETER : ?ressure Measurement Type:; P-25-ME

RANGE(S): O - 500 psia

FLUID(S) IN CONTACT WITH DIAPHRAGM: GH,; GOX; GHE, GNy, 0°F to +250°F,

COMPENSATED OPERATING RANGE: 0 to +250°F

QPERATING RANGE: =-65°F to + 250°F,

MAXTMUM EXPOSURE TEMPERATURE RANGE: (Not Available)

IYPE OF SENSING ELEMENT: Full Bridge

EXCITATION: 28 :‘Io - D.FC-

INPUT/QUTPUT RESISTANCE: (Not Available)

QUTPUT SIGNAL: Digital

INTERNAL SAMPLING RATE: 100 to 1000 samples per second (value will be fixed,
but is not chosen).

ERRCR_BAND OVER COMPENSATED RANGE: + 2%, 3¢,

ELECIRICAL -CALTBRATION CHECK: Internal shunt by external command,

FLAT FREQUENCY RESPONSE: Approximately 100 Hz.

VIBRATION: (Mot Available)
MOUNTING: Direct, Plange.

OVER-PRESSURE FACTOR, NO CHANGE IN PERFORMANCE: 1.0

PROCF PRESSURE: (Not Available)

OPERATIONAL LIFE: (Not Available)

SHELF LIFE: 10 years

CONNECTOR: (Not Available)

AVATIABILITY: 12 « 18 weeks ARG untested units,
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A-143 and A~14&4

MNT = MOUNT

TEM;  ALL (less main engines)
- i
MEAS, TDENTICAL - :
TYFE PARAMETER MEAS, RANGE, MEAS, RESPONSE _RQMI'S. SOURCE REF,
Ho, DESCRIBTION QUAN. AND UNITS TOL, TIME ENVIRONMENT T/ H ANAT,, FMEZ
2005 | OR® ) BOOS. | GRE _IBROOS i ORB.. 1
¥l FRE S5URE 13 12 0-60 PSIA + 2 PST 20 PSI/SEC 10,, LH,, GH,, 700°R, FLUSH MNT 1,2 (4.2 1.2 ] 4.2
Z 3.2 [ 4.4 | 3.2 | 4.4
. 6.2
P-14 PRESSURE 8 4 0-50  PSTA & 1 PSI 20 PSI/SEC GOy, CH,, He, 750°R, FLUSH MNT, 22 |52 )22 |52
) : DVER PRES, 800 PSIA
1B PRESSTRE 8 4 0-50  PSTA + 1 PSI 20 PSI/SEC G0,, GH,, He, T50"R, FLUSH MNT, 2,2 152122152
OVER_PRES, 2000 PSIA
F-% TRE SSURE 12 1 0-106 PSIA + 1 PgI 50 PgI/ SEC 10,, &0,, LE,, He, 70D°R, FLUSH HNT 1.1 [4.11 1.2 | 4.2
. : 1.2 |6,2 2.3 6,2
2.4 |4z | 2.4
PeZA PRESSURE 9 6 * 0-100 PSIG + 1 PSL 20 PSI/SEC LUBE OTT, 700°R, FLUSH MNT 23153 2.3 5,3
- 2.4 [ 6.2 | 2.4
. : 2.6 2.6
P-3 PRESSURE 3z 3 0-200 PSTA + 2 PST 20 PSI/SEC I0,, 7O0°R, FLUSH MNT 1. ts.1 1.2 )42
. 1.2 | 4.2
Pl PRE SEURE 38 37 0-75D0  PSIA + 2 PSI- 50,000 FSI/ SEC 60,, GH,, COMBUST,, 50D0°R. FLUSH MNT 21 s 1|21 5.1
- 2.5 15,425 5.4
5 PRESSURE 9 6 0~1000 PSYIA £ 5 PSE 50,000 PSY/SEC 60,, GH,, COMBUST., 1800°R, FLUSH MNT 2,3 |53 |23 |5.3
2.4 |62 | 2.4 |62
’ 2.6 2.6
P=b PRESSURE 8 & 0-800 PSTA & PSI 1,000 PSI/SEC €0, GH,, He, 750°R, FLUSH MNT 2,2 5.2 12,2 |5.2
P-6A PRESSURE 12 6 0-1200 PSIA + 10 PST 500 PSI/SEC 80, GH,, He, 90C°R, FLUSH MNT 1.3 |4.3 [ 1.3 | 4.5
ey i PRESSURE 15 13 D~2000 PSIA + 10 PSY. 1,500 P51/SEC G0,, LE,, 530°R, FLUSH HNT 2,3 53 [2.3 153"
\ 24 2%
P-7A | PRESSURE 16 8 0-2000 PSIA + 10 PST 1,000 P3I/SEC 60,, €H,, He, 750°R, FLUSH MYT 2,2 {52 122 §5.2
P-7B . PRESSURE 2 2 0-2000 PSIA * 10 PST 500 ‘PSI/ SEC €0,, GH,, 750°R, FLUSH MNT 3.3 (4.5 3.3 4,5
P-1-TF PRESSURE 7 3 0-60  PSTA +0.5 PSE 20 PSY/SEC GHy, 600°R, FLUSH MyT . 3.1 |&.1
| P-lC~TF PRESSURE 7 3 0-20  Ps5IA 10,5 PST 20 PSI/SEC AME. AIR, MNT QN TNLET DUCT STRUCT. 3.1 |6,1
[ P-2A-TF PRESSURE 78 12 0-100 PSIA- 0,5 PsL 20 PSY/SEC LUBE OIL, LOOC°F, FLUSH MNT, - 3.1 16,1 {3.1 6.1
P-3A-TE PRESSURE 7 3 0-200 PSIA 10,5 PSI 20 PSI/SEC HOT GAS, 2500°R, FLUSH MyT. ) 3.t |6,1
P-35~TF PRESSURE 7 3 0-150 DPSIA + 2 PST 24" PSE/ SEC HOT GAS, 2500%R, MNT IN EXH, DUCT 3.1 {6,1
P-3C-TF PRE SSURE 7 3 0-200 PSID + 4 PSI 20 PSI/SEC LH,, 530°R, MNT ON VANE PUMP 3.1 j6.1
v-1 { yrERATION 15 24 05 g 0.5 g 0-5000 Hz BEARING: COMPRES., TURE,, PUMP, APV 2,3 | 5.3
CLUTCH PWR, TRN. 2.4 | 6,2
. ' 2.6
V=1A~TF VIBRATION 21 9 0=5 g, 3-AXIS +0.5 g 0-3000 Ha BEARING: FRONT FAN, CORE, LO-PRES. 3.1 |6.1 [ 3.1 6.7
AG-1-TF ACOUSTIC 7 3 30-160 dB + 3 dB 50-10,000 Hz MNT ON ENG, PWR. ASSY. ! 3.1 | 6.1
© NWOTES: TF = TURBOFAN



