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PREFACE

This document is submitted in compliance with Line Item No. 2 of the
Data,Requirements List as Type 1 Data, Contfact NAS9-12836.- The documen
is divided into four volumes for ease of handling. The contents of
each volume is defined as: |

Volume

Volume

Volume

Volume

I:

I1:

IV;:

Envelope and Flight Dynamics which correspond to

4.19 to 4.22 of the Table.of Contents .

"8.0 and 9.0 of the Table of Contents.

Includes sections entitled Introduction, Mission

Sections 1.0, 2.0 and 3.0 of the ¥able of Conten;é.
Includes sectionsAentitled Introduction and Shuttle
Vehicie Syéteﬁs which correspoﬁd to sectidns 1.0 and
4.0 to 4.18 of the Table of Céntenﬁs.

Inclqdes sections entitled Introduction and Shuttle»

Vehicle Systems which correspond to sections 1.0 and

Includes sections entitled External Interfaces, Crew
Procdedures, Crew Station, Visual Cues and Aural

Cues which correspond to sections 5.0, 6.0, 7.0,
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Orbit and Decrbit Phases
Entry.and Landing Phases

Payloads, Deploy and Retrieval

Pad and Low Altitude

Return to Site. (unpowered)

Return to Site (powered)

To Orbit Degraded Mission

2.1.1 Launch Phaée

2.1.2

2.1.3

z.i.a

2°1.5- Reference Missions
2.1.5.1 Vertical Tests
2.1.5.2 Easterly Launcﬁ
2.1.5.3 Resupply

2.1.5.4  South Polar
'2.1.6  Timelines

2.1.7  Aborts

2.1.7.1

2.1.7.2

2.1.7.3

2.1.7.4 Once-Around Orbit
2.1.7.5

2.1.7.6

Booster Powered Glide Return

2.1;8,7 Mission Operations

2.1.8.1
2.1.8.2

2.1.8.3

Staging

IMJ Aliginment

Drop Tank Maneuver

T .
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2.2 Atmospheric Flights

2.2.2

q _2.2.1} Horizontal Flight Test

‘Ferry Flights

3.0 _.Flight Dynamics

3.1 Vehicle Configurations

3.1.1 Operational Space Mission Configuration

3.1.1.1
3.1.1.2
3.1.1.3
3.1.1.3;1
3.1.1.3.2
3.1;1.3.3

‘.‘3.1.1.3.4

3.1.1.4

Orbiter Vehicle

Péyload

Solid Rocket Motors
156" Booster SRM
156" Rocket Separation SRM's
Abqrt SRM's

External Tank Deorbit SRM

External Tank
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2.1.8.8 Deorbit
2.1.8.9 Entry
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2.1.8.11 Energy Management
2.1.8.12 Cruise
2.1.8.13 tahding and Rollout )
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3.2 Equations of Motion
3.2.1 Coordinate Systems
3.2.2 Translational Equétions‘of Motion
3.2.2.1 Forces
3.2.2.1.1 Earth Gravitational
—3.2.20192 -Other Celestial Body Gravitational
3.2.2.1.3 Dynamic Body Forces
3.2.2.1.4 Payload Forces
3.2.2.1.5 Docking Effects
3.2.2.1.6 Staging Effects
3.2.2.1.7 Venting and Dumping
3.2.2.2 Trajectory Calculation Requirements
3.2.2.2.1 Orbiter
3.2.2.2.2 Target Vehicles
3.2.2.3v Relative Tfanslational States
3.2.2.4  Accuracy

3.2.3 Rotaticnal Equations of Motion

3.2.3.1 Moments
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3.2.3.1.1
3.2.3.1.2
3.2.3.1.3
3.2.3.1.4
3.2.3.1.5

3,2.3.2 Rotational State Calculation Requirements

Dynamic
Payload
Docking

Staging

" Venting

3.2.3.4  Accuracy

Body Moments
Moments
Effects
Effects

and Dumping

3.3 Mass Properties

3.3.1 Orbiter

3.3.2 Solid Rocket Motors

3.3.3. External Tanks

3.3.4 Payload

3.3.5 _ABES

3.3.6 TFerry ABES

3.3.7 Total Vehicles

3.3.7.1 Operational Space Vehicle

3.3.7.2 Operational Ferry

S

3.3.7.3 HFTS

3.3.7.4 VFT

3.3.8 Retrieval Satellites

3.3.2 Deployed Satellites

3.3.10 Space Station

3.4  Aerodynamic Characteristics

3.4.1 General Requirements
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3.4.2  Aerodynamic Flight Regimes
3.4.2.1 | Launch and Abort
3.4.2.2 Orbital Flight
3.4.2.3 Orbiter Only
3.5 Ephemeris
3.5.1 -€Celestial Bodies -(stars, 'moon, ‘sun, planets)
3.5.2 Coordinate Transformations (IM to iEO
4.0 Shuttle'Vehicle System
4.1 Electrical Power
4.1.1 Electrical ?ower‘Disfribution_éﬁﬂ Conﬁroi‘(EPDC)‘
4.1.2 Power Distribution Equipment Description
4.1:2.1 Generator Control Units (GCU)
4.1.2.2 Power Contactors
4.1.2.3 Invertefs
4.1.2.4 Transformer - Rectifiers (TR)
4.1.2.5 Battery Charger
4.1.2.6 Remote Power Controllers (RPC)
4.1.2.7 Sequencers
4.1.2.8 Interior Lighting
4.1.2.9 Exterior Lighting
4.1.2.10 Fuel Cell System
4$,1.3 Electrical Power Operational.Characteristics
4.1.4 Functional Interfaces and Support Requirements
4,1.4.1 Data Control and Managemeﬁt‘(DCMO |
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" 4.1.4.2 Displays and Controls (D&C)

4.1.4.3 Electrical Power Generation (EPG)

4.1.4.

4L  Electrical System Power Losses

&4.1.4.5 Environmental Control Life Support (ECLS) Interface

4.1.4

.6 Power Utilization Subsystems

&4.1.4.7 Support Equipment GSE

4.1.4.8 Payload
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4.2

$.2.1
4.2.2
4.3

&.3.1
4.3.2
4.3.2
4.3.2

4.3.2.

4.3.3

4.3.3.
£.3.3.
4.3.3.

4.3.3

4.3.3

S Space Statién Interface
Mechanical Power
Aﬁiilliary waer Units (AFU)
- Hydraulic Power System
Main Propulsion Subsystem (MPS)
Engine A

Corttrol/Monitor System

.1 Engine Thrust/Mixture Ratio

.2 Engine Monitoring

Sy,
3 SSME Controller Data Flow

SSHE Operation Details
1 SSMENSeﬁuengesschgdg}eQ N

1.1 Engine Start

1.2 Engine Shutdown

.2  SSIE Flight Operations Monitoring and Continuocus

In~Flight Test

.3 Data Tronsmigsiocn

4.3.3.4 Controller Build-In Test
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Actuator/Valve Build-In Test
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Instrumentation Parameter List

. Alternate Performance Control Parameters

Engine Actuator

Operating Characteristics

4.4 Reaction Control Subsystem

4.6.1
b2
4.4.3
4.4.4
4.4.5

Configuration

D .
Thruster Description
Propellant Tankage
Pressurization Subsystem

LYy oL - LT e
tuL oo .

RCS Operation

4.5' Orbital Mancuvering Subsystem (OMS)

4’5.1
Q.SOZ

4£.5.3

CMS Configuration
Engine

Tankage
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4.5.8 Operations
4.6 _Airbreathing Propulsion Subsystem (ABPS)
[ 4,6.1 Configuration
4£.6.2 Fuel Tank
4.,6.3 Ferry Configuration
b.6.6 Operation
4.7 Solid Rocket Motiom (SRM)
4.7.1 Main SRM
4.7.2 -'Abort Sélid Rocket Motor
&,7.3 Deorbit SR for External Tank (ET)
4.8 External Tank Subsystem (ET)
4£.8.1 Structure u
4.8.2 Thermal Protection System (TPS)
4.8;3 Deorbit Motor
4.8.6  Avieanics
4.8.4.1 Instrumentation
4.8.4.2 Separatica
4.814¢2.1 Electrical fower
4.8.4.2.2 Interface
4.9 i Guidance, Navigation and Control (Less Computer)
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Scene Content
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.4 Orbiting Vehicles
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Color

.3 Celestial Bodies
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Illuminators/Non-Illuminators




F.398.8-A

e t0/0/d,, TESE e
REV. BINGHAMTON, NEW YORK REP. NO.
8.9.4 Displacement
8.9.4.1 Translation
8.9:4.2 Rotation
8.9.5 Velocity
8.§.5,1 Translation
8:9.5.2 Rotation
- 8 9.6 Acceleration
8.9.6.1 Translation
'8.9.6.2 Rotation
 §.10 Entry T T T T
8.10.1 Scene Content
A8;10.i.1-_H0r126n | .
8.10.1.2 Terrain R ‘f
8.10.1.3 Celestial Bodies
8.10.1.4 Atmospheri; Effects
8.10.2 Color |
8.10.3 -~ IlLuminétors/Non*Illumihators
8.10.4 -Displacément “ |
8.10.4.1 Translation
| 8.16.4.2 Rotation
8.10.5 Velocity
8.10.5.1- Translation
8.10.5.2 Rotation
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8.12.3 Illuminators/Non-Illuminators
8.12.4 Displacement
8.12.4.1 Translation
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9.1 Propulsion Cues
-941;1‘ Main Roéket Engineé
| 9.1.2 Solid Rocket Motors
9.1.3 Airbreathing Engines
9.1.4  Abort Solid Rockef Motors
. 9.2 System équipment Cues ”
9.3 Aerodynamic Cues
- 9.4  Caution and Warning Cues
2.5 -Landing Gear Cueéil o
9.6

Malfunction Cues -
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,1.0‘ Introduction

The objective of the Shuttle Vehicle and Mission Simulation
Requirements report is to provide to NASA/MSC documentatién 6f the
requirements for faithful simulation of the Shuttle Vehicle, its
.syétems, mission, operations and interfaces. To accomplish this
.objective the report was divided imnto eight topics which .comprehensively
cover the.simulation requirements of the Shuttle miséion and vehicle.

" The topics and their main objectives are summarized below.

Mission Envelope

Orbiter Flight Dynamiés - This topic covers the flight regimes

Sy,

are described by an analysishof the mission

- phases, trajectory information, timelines

This topic covers the space and atmospheric
missions that are envisioned for the Shuttle

program. The characteristics of each mission
and operations for nominal and abort condi-
tions to the extent data was available.

which the Shuttle vehicle will encounter in

the accomplishment of its missions. The

requirements were established in the following

manner.
:

The vehicle configurations that must be simu-

lated for horizontal and vertical test

flights, operational space missions, atmospheric

missions and abort modes were defined.




DATE THE SINGER COMPANY ' PAGE NO.
10/20/72 SIMULAT ION PRODUCTS DIVISION = 1-2.

REV. ' BINGHAMTON, NEW YORK REP. NO.

F.398-8-A

The dynamicsvrequiremeﬁts were established
by defining the forces and moments that will
act on the vehicle during the entire mission
envelope which include, propulsion, gravity;
aerodynamic effects, payload éffects, docking
effects, staging effects, ground reactions
and the duméing of materiéi o§éfboard, ‘The
translational equations of motion requirements
wefé eétabiisﬁed by definiﬁg‘fhe vehiclés,‘
satéllités and ﬁayloédé whose state vectors
must béﬂcalculated énd by defining the co-
ordinate sﬁsﬁems, reiaeive equations of
”motion and accuraéy‘bf thé éalculétiohs. 4 -
"similar analysis was pérformed for ﬁhe rota-
fibﬁal équations of motion. Maés property
and ephemeris requirements weré also identi-
fied. : |

Shuttle Vehicle Systems = The Shuttle vehicle systems required

for simulation were identified and described.

The descriptive data generated in this'efforq
was primarily based on the North American '
Shuttle proposal. The Shuttle vehicle and its

system configuration is currently in a state

of flux and therefore the descriptive data
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Crew Procedures

.—. - External Interfaces

progresses. However, for the purposes of

cross correlation between the NR definition

type interface description established. Due

contained in this report undoubtedly will

become out of date as: the Shuttle program

this study, the data is more than adequate
to define simulator requirements and a base-
line design when it is tempered with the pasq

experience of Apollo and Gemini programs. A

of systems and LRU's and this report is shown
in Table 1-1 for reference purposes.
- The external interfaces of the Shuttle

vehicle were identified aﬁd a preliminary

to the fact that for every external interface
there also exists an equivalent on-board

system, the descriptive data on the workings
of the interfaces is contained in the Shuttls
Vehicle Systems section of_the'teport and
cross references are provided in this sectior
The actual crew prbcedures for the Shuttle
system will not be available for many years.:
As a result the study concenﬁréted on identi-
fying tasks by mission phase and crew member

and identifying the probable interfaces be-

tween work stations. The data used for the
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Crew Station -

Visual Cues

'énalysis was a RTOP study by MacDonald-
Douglas, converéations with George Franklin
of NASA/MSC, pést experiénce; and the re-
quirements of the Shuttle vehicle & mission.
The latest available data at the time of the
~writing of this report was used to identify
the éonfigurafion_of the Cfew SCatioﬁ. The
shape of the interior cabin, the location df

the work stations and the allocation of the

7 C&D panels by work station were established.

Detailed data on the interior compositioh of
the cabin is not curfently availablé.
However, simulation requirements were identi-
fied based on past experience.and accepted>
levels of fidelity for mission simulators.
The visual scene content was established for
each of the mission phases. Attributes of
the scene elements, to the extent feasible,
-were established and will be further defined
in fﬁe SMSR:réport. The_vehicle window con-
figuration is not defined at this time but
the best data available was utilized. The
accelerations, velocites and displacements

were established to the extent possible. Son
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- Aural Cues -

This report will be updated at the end of the‘study based on data
received as of January 1, 1972.

Reference to study data sources are included in the margins and
the text in order to facilitate update of this report:v Thé numerical

references are correlated with the data listing defined by Table 1-2.

‘the Abort phases of the mission. The missing

dynamics data was not available such as in

information will be incorporated if it be-
comes‘available when the time frame and
ground rules of the study or assumptions will,
bg made .

The aural cues requirements associated with
the mission and vehicle systems were identifi
and described. Detailed data on the charac-
teristics of each sound was not availablg~
and probably will not be until the vehicle
test prograﬁ is in progress. This factor can
be circumvented by specifying flexibility |

into the simulator aural cue equipment.

ed
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5.0> External Interfaces

~

The shuttle vehicle, because of its objectives and desian, has many
interfaces with modules external to itself. It is necessary to be familiar
with these interfaces to allow the desian of-a simulation interface and
.enhance the coordination necessary in such a desian.

This section has been written to nlace in one area all the interfaces

that must be considered. Figure 5.1-1 shows the interfaces of the real

world system. - o

TORS
{INTERFACES
INCLUDED FOR
PLANNING
PURPOSES

ORBITING
VEHICLE

PAYLOAD

7 g
Lo =

166
P2-133

SHUTTLE
VEHICLE

ALTERNATE
LANDING SITE

1. INNER CIRCLE COMPRISES
DEDICATED ELEMENTS (1-3)
OF SHUTTLE SYSTEM.

2. OUTER CIRCUMFERENCE
IDENTIFIES NONDEDICATED
SHUTTLE SUPPORT ELEMENTS (-3l

.. 3. HUMBERS IN BOXES ADJACENT

) TO AN INDIVIODUAL ELEMENT
{OENTIFY OTHER ELEMENTS
WITH WHICH 1T INTERFACES.

. SEARCHAND  —— . -
i RESCUE FORCES i“?[i 70

Figure 5.1-1 Shuttle System Interfaces
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The interfaces shown indicate, for examnle, that thé orbiting

166 vehicle (Unit 7) has four interfaces. These are Unit 1 - Shuttle
P.2-133

Vehic]e, Unit 3 - MCC NASA, Unit 5 - STDN, and Unit 6 - SCF on1v
It does not interface with units 2, 4, 7, or 8.
Prior to Launch, there are othér interfaces involved in each

area. For example, Unit 2 may be broken down into the general areas

as seen in Fiqure 5.1-2.
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DECODING ® DECOMUTATE INCOMING
® ANALOG AND PCMODATA FUELING AND
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Figure 5.1-2 Modular Builduo of GCDC System for LRU }hrough Launch
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The Ground Checkout Display and Controi GCDC svstpm is a comnufer-
166 controiied checkout system which w111 receive, decommutate nrocess, and

display the orbiter operational flight instrumentation data and provide
commands to the orbiter by way of a serial digital hardline tn the onboard
cormand/decoder which in turn will route hardwire commands to the vehicle
subsystems. The GCDC system will also provide serial digital commands to
the remotely controlled GSE and monitor the pulse code modulation (PCM)
data stream containing GSE measuréments. The serial digital command and .
response links will be sunplemented by dedicated command and resnonse
hardlines for safe operation durino contingency situations. Failure
detection capabilities will he desiqned into the GCDC system. Some of

these will be power faiiure detection, input-output parity checks, illegal

'operation and address checks, and command verification checks. The vehicle

development flight instrumentation (DFI) data bit stream will be hardwired
to a te]emetry'ground station during ground cneckout (the central instru-
mentation faci]ity at KSC) for recording and analvsis. Appropriate
summary data will be sent to the GCDC system operator.

The GCDC system supplements the orbiter onboard canabiiity‘for orbiter
manufacturing final assembly checkout, malfunction isolation in maintenance
and repair, and control and monitor of pre]auncn and launch operations.

The elements of the GCDC system are display and cqntro] consoles, universal
control system, command acquisition unit,-and remote interface unit. See
Fiqure 5.1-2 fnr definition of how these system elements are used as
building blocks from LRU checkout throuah the GCDC launch systém.‘

5.1 Display and Control (D&C) Consoles

| The D&C consoles provide‘the man-machine interface of the GCDC

svstem. Color CRT's will be used fnr the D&C consq]e base]ing. Th¢
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keyboard ié the primary operator interface with the universal control
system. This keyboard is used to call up instructions and data to be
disnplaved on the CRT and initiate test routines. In additioh, capability
is provided on the special function pahe]s to command preselected functions
by depressing a function switch, thereby issuina a computer or hardline
command via a single operation action.

St\gff Universal Control System (UCS)

The universal control system contains the checkout processor which

" controls the checkout operation. This processor interfaces with the D&C

consoles and peripheral equipment, i.e., printer and magnetic tane units,

via input-outnut modules contained in the universal control system. This

System also. contains a disk”memnrx.modu1é used for storage of automatic
test routines, and it ihterfaces with the command acquisition units.
Commands to the vehicle of GSE are initiated from the D&C console keyboard
and are processed by the universal contrd] system before transmission to
the command acquisition units.

5.3 ~ Command Acquisition Unit (CAU)

The command acquisition unit receives measurements in a PCM format
from the vehicle and support equipment which are limit-checked against
programmab]é limits stored,%n.the unit's disk memory module. The measure-
ment data are then transmitted to the universal control system. The
command acquisition unit receives commands from the system and reformats
the command into a serial format, which includes verification information,
and transmits the commands  to the vehicle and GSE. VYerification of receipt
of command is transmitted back to the unit from the vehicle and GSE to

insure that the command was pronerﬁy received.

*
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" The remote interface unit provides the command and measurement
166 interface between the cormand acquisition unit and the GSE or facility

equipment being confro]]ed and monitored. The remote interface unit
receives serial command data from the command acquisition unit, transmits
verification data back to it, and then issues commands to the controlled
equipment. The remote interface unit also accepts measurement data from
the monitored equipment, and then formats and sends the data back to the
command acquisition unit in PCM serial format. -
The GCDC system interfaces with an off-1line éomouter center known
as the central data facility, which stores the System test data and
proyjdes procedural information and post-test data to the system.
5.5 : ,Shuﬁtle Vehicle Systems Interface

o Table 5.1-1 lists the modules with which the shuttle might be
interfaced. Associated with each of the modules listed in the left hand
column is a second column of paraaraph numbers of this documentlwhich
contain information pertaining to the basic module and its interface with
the shUttlé véficle. These interfaces wifh the basic module are then
further broken into one of three tynes; electrical, mechanical, or data.

If the interface falls into the data categorv, references to the data ’

.type, the parameters, the ‘data rate, format and resnonse are listed where

available.

The interface between the shuttle vehicle and the Mission Control
Center are not direct in that the data is routed through the ground
station network. Thi§ interface is therefore defined by the other

modules listed in Table 5.1-1.
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6.0 Crew Procedures
REF . . In establishing the requirements for the Shuttle
KEY ' ‘ o
‘181 Mission Simulator, it is necessary to examine the mission

objectives and the tasks required of the crew in order to
accomplich those objectives. Task requirements were based on
studies conducted during Phase B. Because of the sparsity of

data available at the time of this study; it was impossible

- to develop comprehensive crew procedures. With this restraint

‘»the»study was limited to defining the tasks required of the

crew. However,this limitation will not detract from the
objective of providing a baseline from which éimulator re-
quirements can be determined.

~ For the purpose of this study, the crew is composed of

‘a Commander, Pilot, Mission Specialist(s), and Payload

.Specialist(é)._‘The following is a hrief descrlption of the

duties of the crew.
.(l) lchmmander: The Commander is in thafge ofhthe

flight and respons1ble for the overall space vehicle, personne

payload fllght operatlons, and vehicle safety. As Commander,'
he is profic1ent in all phases of vehicle flight, payload
manipulatlon, docklng and subsystem command, control, and
monitor operations. He is knowledgable of the payload(s) and
payload systems as they relate to flight operatlons, communi~

cations requirements, data handling, and vehicle safety.

’

e ey a4 8 (3hes e sy o o A Ikt v s 1k 2 S oep
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. load and payload instrument operations.

" with a basic crew.

(2) Pilot: The Pilot is second in command. His
duties'are essentially‘the same as the Commander.

(3) Mission Specialist: The Mission Specialist is

responsible for interfacing the payload and orbiter operations,

- as well as management of payload operaticns. He 1is proficient

in vehicle and payload subsystems, flight operations, and

payload cormunications.

(4) Payload Specialist: The Payload Specialist is
responsible for the applications, technology, and science pay-
He has a comprehen-

sive knowledge of the payload instrument, operations, require-

_ ments, objectives and supporting equipment.

" The size of the crew is determined by the mission
objectives and could vary from mission to mission. The basic
crew consists of Commander and Pilot. The number of Mission

Specialists and Payload Specialists assigned to a crew

depends upon the mission requirements. Many missions,

especially in the early stages of the program, will be flown

6.1 Mission Objectives L
' Reference’46 outlines the following types of missions as
being representative of those which will be flown during the

Space Shuttle Program:

(1) Space Station Eesupply
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=< =----(2) Propellant Delivery - T e e
- ‘ ”(3) _PrOpulsive Sﬁage Delivér& ;f;:A"\'_
77~ (4) Orbit-to-Orbit Shuttle De11very and Retrleve
- (5) Satellite Placement ~ _ |
(6) Shuttle Retrieval
| (7)5 Sateili&e,?lacement.and Refrievall.
(8) Short Duration Orbital = ° ST

- (9) Rescue L

TTTTT T 7" The study further analyzed the obJectlves of each:

o mlssidd.and concluded that any of the space shuttle.mlssidné
~could be accompllshed us1ng comblnatlons of the followlng
.maJor fllght operations: . .. __ 4&ﬁﬂf.m,_:i“,,mw_m e

(1) Ascent - N
.(25- Rehdeéddus e ___._:_,~
3 Orbit * i )
o () Payload . T
| (5) Return ”_.. o
e (6) FEXEY - oo e o s w““WN_;__-_,““ f
S (7jijbbrtL‘J”ﬂl”“4“‘» o o s N
46 3 1.-4 o Each major flight operation is comprised of a series of
pg.3-1= '

3-9 dependent phases. " The following paragraphs_preéent a resume
- of the objectives of each phase.
 6.1.1  Ascent I

During this flight operation, the>0rbiter is inserted
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" is performed.

commanded and systems operation is monitored and controlled.

phaée is for the orbiter to continue its flight and insert
-into orbit. The orbit main engines provide the primary

‘thrust. Powered flight naviation is continued and insertion

>sequence is to fly from {nsertion to a co-orbit condition with

" another orbital vehicle. The rendezvous sequence is divided

into initial orbit - nominal 50 x 100 NM. The ascent portion
of the mission can be divided into four phases: Preflight, -
Mated Flight, Separation and Orbit Insertion.

(1) Preflicht Phace: The primary objective is to

prepare the vehicle for flight; the computers are loaded,

external alignment and calib;ation performéd, final-targeting
performed, mission timeline verified and the vehicle configurec
for launch. | |

 (2) Mated Flight Phase: During this phase, the

booster carries the orbiter to the desired separation conditioj

Systems operation is monitored, and powered flight navigation

(3) Separation Phase: The booster and orbiter are

separated during this phase. The booster separation is

(4) Orbit Imsertion Phase:- The objective of this

phase guidance is monitored. - e e

6.1.2 Rendeivous

The primary mission objective during this operational
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into periods of coasting and powered flight. During coast,
the orbit is non-thrusting. Navigatlon operarions are per-
formed during coast periods initially using horizon sensor
measurements, and line-of-sight range~aod angle measurements
later in the rendezvous mode. The platform alignments are
performed -and -tested against sightings and the spacecraft is
maneuvered to the deeired attitudes for performing the next
maneuver. ‘During long coasting periods, the guidance system
" may be powered down to a standby mode; During powered flight,
‘the orbiter is thrusted using the OMS or RCS engioes. - Thrust
vector control and attitude control ére'provided"by the
orbital powered flight guidance and control autopilot. The
navigation ineorporates.acceleration'measurement during
powered flight. Rendezvous is dirided,into four phases:

Orbital Adjustment, Coelliptic, Terminal and Station Keeping.

(1) Orbital Adjustment Phase: The objective in this

_phaSe is to correct the relative posirion_of'rherrbiter with
 the rendezvous target. The catch-up - or dwell, if rendezvous
Ammwmm““iohrroﬁwaoove -”oan'varp“from ierofeo 18“hoor§ dependihg on
the initial phasing at insertion. Several maneuvers can be
made;ﬁosuaily horizontal.in plane”or oominelwoatch-op.l The
purpose of these maneuvers is to place the orbiter in a

favorable p051t10n with respect to the target for performing

the relative phase maneuvers. Navigation'is corrected using
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Taneuvers during this phase are corrective combinations which

braking is performed to achieve a station-keeping condition.

.connected with rendezvous. The particular operations for a

horizon sensor measurements.

(2) Coelliptic Phzase: In the coelliptic phase, the
requirement is to place the orbiter at the desired terminal
condition prior to initiating an intercept trajectory. Navi-

gation is accomplished through relative measurements.

adjﬁst the orbit to meet the lighting and relative motion

requirements in the terminal phase and to remove GNC errors.

(3) Terminal Phase: During this phase, the orbiter

is placed on an intercept trajectory with the target, and

Navigation is corrected with relative measurements, and

maneuvers are generally relative to the line-of-sight.

(4) Staticn Keeping Phase: In this phase, the rela-
tive position of the.orbiter-is.maintained.in the near vicinity
of the target vehicle.

6.1.3 Orbit | |

| The purpose of this opérational seqqénce is to provide
flexibility fo: performing orbital changes not necessarily
mission depend upon'the desired final orbit. Thué, a sequence
could be generated which would range from one or two Hohmann

transfers, if orbit size and shape are the only controlling

o

parameters, to a‘”phgntom”.reﬁdezvous sequence if perigee
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~also to be controlled. As with the rendezvous sequence, a

location and time of perigee passage, or mode crossing are

sequence of orbital operations would be divided into periods
of coasting flight and powered flight. Based on the various
migsion objectives, the orbit segquence can have the féliowing
maneuvers :

(1) Hohmann Transfer Msneuvers: fhe objective of

this maneuver is to perform a series of in-plane maneuvers =

at apogee or perigee if the orbit is elliptical - deéigned to
satisfy finai orbit paraﬁeters. By controlling lift-off time
and launch aziﬁuth, many missions can be accomplished entirely

within this capability.

(2) Qut-of-Plane Mzncuvers: This maneuver. is employed

to adjust in-plane and/or out-of-plane dispersions with one
corrective maneuver. Because of high 4V requirements, this
phase is avoided, if possible, except for small adjustments.

6.1.4 Payload Operations

-~ The purpose of tbis operation is to guide and cdntrol
the orbiter to meet payload handling :equi:ements;. Depending
on the mission, any of all of the followingimaheuvers could
be encountered:

tl) Docking: The objective of this maneuver is to

move from a station-keeping mode to a docking conditions with

the rendezvous target. During docking, relative attitude and
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“rates as well as range and range rates are controlled para-
T 7 77 (2) T Undocking; In the uhdocking maneuver, the
.the .objective .is to .perform the necessary maneuvers while

" deploying, retrieving or otherwise handling payloads.

. 601 05 Return . e |
‘turn the orbiter from orbit to a preselectéd landing sight.
~ flight. The sequence is divided into four phases: Deorbit,

- Entry, Terminal Area and Final Approach.

.- phase is to select a landing site and perform the deorbit .

--during this phase.

meters. Docking is performed manually.

shuttle vehicle is moved from the docked condition.

(3) Payload Deploy/Retrieve: During this operation,

The objective of this operational sequence is to re-

The sequence includes orbital coasting and powered flight, as

well as hypersonic, supersonic, and subsonic aerodynamic

(1) Deorbit Phase: Theé primary objective of this
maneuver. Platform alignment and navigation are required '

(2) Entry Phase: During this phase, preparations are

made for entry interface. Final platform alighments and
navigation is performed. The orbiter is configured for entry
and rotated to entry attitude. When aécomplished, the orbiter

angle of attack and bank angle are controlled to avoid tempera-

ture, g-load and skip-out constraints. During this period, all
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~ optical hatches are closed and radio blackout prevents

- final approach. Navigaticn during this phaée is by ground-

measurement for correcting the propagation of navigation
errors.

(3) Terminal Axea Phase: The orbiter energy level is

controlled during this phase to achieve tﬁe desired final
approach conditions. ’‘Included in this phase is the transition
maneuver during which the vehicle is ﬁaneuvered from the back~
side to the front side of thekL/D curve. After transition,
energy dissipation is controlled by .flying along a preselected

path from which the vehicle can be steered easilyvbntb the

based radio aids.

(4) Final Apprcach Phase: -In this phase, the vehicle

is controlled and guided to the touchdown point. Final approagh
is initiated along a steep glidéslope -~ nominal 13 degrees =
until intercept of the conventional ILS glideslope at
approximately 800 feet. The ILS glideslope is then flown to
touchdown.

6.1.6 Ferrvloperations

During ferry operations, the vehicle is flown from one
airport to another. This operaticn is similar to those in-
volved in flying conventional aircraft. Ferry operations can

be divided into five phases: Preflight, Tzkeoff, Cruise,

Inflight Refueling, Descent and Landing.
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(1) Preflicht Phase: 1In this phase, the primary

objective is to prepare for flight. The cruise route is

selected and the vehicle is checled out for flight.

(2) T-ke~ff T4eze: During this phase, the vehicle
becowzs airborre, cliwbs to crulse altitude and is configured

for cruisce. This is a manual operation.

(3) Cruise Phase: The vehicle is guided to the

terminal area during this phase. Navigation is accomplished

using VOR/DME radio aids and powercd flight inertial naviga-

tion. Autopilot modes include zttitude hold, hesding hold,

VOR and area navigation.

(4) Inflipht Refueling: In this phase, ‘the vehicle

is mancuvered into a station-keeping position with the tanker
aircraft. This position is maintained until the vehicle on-

loads the required amount of fuel.

(5) Descent and Landing: The primary objective in
this phése is to land the vehicle at the terminal airport.

6.1.7 Abort Operations

The primary objective is to interruptlthe normal
sequence where the abort situation occurs.and carry the abort
to a point where a nominal sequence can be reentered. Because
on-orbit or descent/return aborts can be handled in the nomina]
sequence, abort.operations are primarily for ascent abbrts.

Abort operations are identified with the following:
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(1) Prelaunch: The prelaunch mode includes the
ﬁeriod from crew and passenger boarding to launch commit.
Crew and passengers egress t; the launch tower platform and
then to the blast room,

(2) /hort 89M (l.runch Commit to 30 seconds): In

abort during the first 30 seconds of flight,.the orbiter is
separated from the tank énd SRM's. A separate propulsion
system (ASRM) on the orbitér facilitates safe separation and
return to the landing site. OMS propellant and the expended
ASRM's are jéttisoned prior to landing.

(3) Orbiter Glide (30 ceconds to 86 seconds): The

abort mode during this time interval is orbiter separationm,

without thrust augmentation, and glide return to the landing

site.

(4) Orhiter Powered Retﬁrn (86 seconds to 300

seconds) : After 86 seconds, the orbiter returns
to earth by means of a powered maneuver with the‘orbiter main
engines. The return-to-site maneuver after SRM separation
is achieved by qrienting the'orbiteirthrust tq decelerate the
;gcent velocity and fly back to the landing site.

(5) Orbiter Cnce=Around Abort (300 seconds to 440

secondg) : For loss of thrust from a single main

engine during this time interval, the abort mode is once

around to the landing site. It utilizes OMS,. RCS, and main
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- mission.

~automatically leaving the crew free to provideuthe decision-

engine emergency power to compensate for loss from a single
main engine.

' (6) Orbiter Abort to Orbit (440 seconds to 551

seconds) : If loss of thrust from a single engine
occurs after 440 seconds of flight, the orbiter continues to
orbit. -Subseguént deorbit is accomplished using OMS propellanq

Software requirements are essentially the same for a nominal

During the abort phase, the crew would monitor‘the
software programs dedicated to the abort. The programs would
be monitored to a point where a nominal sequence cén be
reentered, and the mission continued from that point.

6.2 Requirements for Crew Participation

The display and control design requirements for the -
gpace shuttle in which both aircraft and-spacecraft modes of
operation are integrated necessitates & well 6rganized me t hod
of on-board mission control and subsystem management. The on-

board system will perform routine or pre-selected functions,

making functions and to perform certain special mechanical
tasks. In this role, the crew will act as a system supervisor)
sequence initiator and provide hardware/software back-up. Crey

participation will comprise the following functions:
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of the flight system to perform. ;
" manner of execution.

phases, and tasks which are pertinent to the control of the

(1) Evaluation of mission sequence and mission status

in real-time flight conditions.

-
-

(2) Specificatioh of certalin data, constraints, or
performance-options. | o

(3) Initiation of mission sequenceé and unique
operations with the flight system and ¢ontrol of the mode of
performance. |

(4) Evaluation of the flight system and the capability
(5) Determine what flight operation to perform and the
(6) Initiation and discontinuation of flight operatioms

flight system and the performance of the mission.

(7) Selection of the syséem interface with sensor
components and the modes of subsyétem operation.

(8). kecognition of pattern of degraded performance

and logical fault isolation.

6.3 Task Requirements

6.3.1 Commander and Pilot
Based on data contained in Reference 46, the following
is an outline of the task requirements of the Commander and

Pilot. The outline does not designate the tasks by crew

[y

member since both crew members are expected to be equally
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proficient. The outline is categorized by the phases which

occur during the major flight operations as outlined in

paragraph 6.1.

The payload handling tasks are bésed on Phase B
studies (Refercnce 22) and data on the payloéd statioh con-
tained in Reference 166. The tasklanalysis was performed for
the capture docking end transfer tasks since these tasks in-
clude the majbrity of the subfunctions of each of the other
operational seduences. While the configuration of the pay-
load handling console has not beeﬁ definitized'at this time,

the one studied provides a baseline for determining the task

. requirements.

6.3.1.1 Mission Seauence: Ascent

6.3.1.1.1 Prelaunch Phase

6.3.1.1.1.1 Control Functions

(1) Monitor autopilot modes
" (a) auto rate |

(b) attitude hold
(c)' bank controlnﬂm

(d) attack control

(e) altitude hold

(f) VOR, GS, LOC hold

() heading hold

(h) area navigstion

(1) auto land
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(2) Ménagement and control of attitude

management mode
(a)
(b)

(g)

a

rate“condition attitude hold
acceleratioﬁ

pulse

bank condition

flight path angie condition
nose wheel steering .

rate condition

(3) Management, monitor and control of attitude

rates

(a)

high=1low

(4) Monitor and con;rolvof aero surface

position indicator

(5)

(£)
(8)
(k)
(1)
(3

Control, control enable elements

rotation hand controller
rudder pedals

speed brake

‘trauslation hand controller N

rotation hand controller seleét
translation controllef sélect
rotation controller system
translation controller syétem

3 .

FDI reference

FDI select
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6.3.1.1.1.2 Navigation & Guidance Functions

(1) _Moﬁitor, control and analysis of IMU

acceleration

(2) Monitor, control and analysis of IMU

‘attitude

(3) Monitor, command and analysis of IMU

alignment

_i(a)

prelaunch

(4) . Management, monitor, control and analysis

.of targeting elements

| (a)
. (b)

(c) |

(d)

(e)

(£)
- o (®

(h)

“m”(5)‘mMahagémént;‘mbhitdf;'cémmaﬁd; control and

velocity magnitude '
radial velocity o
out of plane velocity
range

position coordinates
target ephemeris
rendezvous technique

time- rendezvous or landing

analysis of time to go elements

(a)

liftoff

6.3.1.1.1.3 Systems Monitoring Functions

Monitor and control systems status

(a) caution and warning

(b) communications
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T

electrical power

environmental control and life support

mechanical power
propulsion system

payload

6.3.1.1.2 Mated Flight Phase

6.3.1.1.2.1 Control Functions

(1)
(2)
(3)
(%)
(5)
(6)
)

Monitor and control

'Monitor and_contrdl
Monitor and control
quitor and»controi
Monitor and control
Monitor and control

Monitor and control

(a) angle»of attéck

attitude

attitude rates

attitude errors

v
acceleration
thfustrlevel

angular displacement

(8) Monitor autopilot modes

~acceleration

(2) Monitor, control and analysis of IMU attitude

(3)

vertical speed

) _ . ~ (a) auto rate o
6.3.1.1.2.2 Navigation & Guidance Functions
o (lji.ﬁonitdr, conﬁfsl é;&~éna1yéié';frlMﬁ > ;

Monitor, control and analysis of speed and

(a) 1IAS and mach no.
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(b)) rate of‘climb

(4) ‘Management, monitor and analysis of

trajectory‘eléments |
| | (a) altitudé

(&) wvelocity
(c) heading
(d) 1latitude and longitude
V(e) flight path angle

(5) Management, monitor, control and anaiysis

of composite data and prediction elements

. o | (a) altitude-velccity
(b) ground tracks
(6) Management, monitor,'command.analysislof
time-to-go element
(a) separation

(7) Management, control and analysis of derived

data ele;ths
(a) altitude rate
(b)d angle of attack
{(é) AV required
- (d) AV to go ‘;. i. | -

6.3.1.1.2.3 Systems Monitoring Function

Monitor and control systems status

(a) caution and warning

-398-8-A

R S
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(b) communicaﬁions B

_ -(é) electricalupowef
" (d) environmental control and life support
(e) mechanical poﬁer ‘
(£) propulsion‘systems
N (g) payload .

¢

(2)
(3)
(4)

(5
(6)
7

(8)

(9

- (10)4

(11)

Monitor aﬁd
Monitor and
Monitq: aﬁd
Monitor and
Monitor and
Monitor and
Moditor and

Monitor and

control attiﬁude
control attitude rates
control attitude'cpmmand
control attitude errors
control AV

control acceleration

control thrﬁst 1evé1

control angular displacement

(a) angle of attack

Monitor autopilot modes - - - - - -

~(a) auto rate

Management and control of attitude manual

(a) rate condition

Monitbr and

control of control enable

(a) rotation hand contfollerv
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(b) translation hand controller

(¢c) Afotation:Qandfcontroller:select
(d) translation hand controller select
(e) rotation controller system
"(f) translation controller system

(g) FDI reference

(h) FDI select

-6.3.1.1.3.2 Navigation & Guidance Functions

" (1) Monitor, control and analysis of IMU

acceleration

(2) HMonitor, control and analysis of IMU

attitude

(3) Management, monitor and analysis of

trajectory elements
| ()
(b)
- (e)
(d)

altitude
velocity
heading

latitude and longitude

: (4) Management, monitor, control of targeting

elements
(a)
(b)

velocity magnitude
radial velocity

out of plane velocity

range

position coordinates
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(5) Management, monitor, control and analysis
of composite data and prediction elementé
(a) aléitude-velocity
(b) ground tracks
(6) Managemzant, monitor, céntrol and analvsis of
‘time~to-go elcemont |
(a) .main engine start/stop
(7)4 Monitor, control and amalysis of derived
data elements
| .(a) altitude raée
(b) angle of attack
(c) 4AV required

(d) AV to go

6.3.1.1.3.3 Systems Menitorinz Functions
Monitor and control systems status
(a) caution and warning
(b) communicatiéns
(¢) electrical power
(d) environmental control and life support
(e) mechanical power
(f) propulsion systems
(g) payload

6.3.1.1.4 | Orbit Insertion Phasge.
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6.3.1.1.4.1 Control Fuﬁctions

(1) Monitor and cqntrol éﬁtitude
'(2) Monitor and control attitude rates
(3) Monitof and control attitude command
" (&) Monitor and control attitude errors
‘(5) "Monitor and'coﬁtrol AV
(6) Monifor and control acceleration
(7) quniﬁof and coﬁtrol thrust level
"(8) Monitor and control angular displacément 4
o .(a) angle.of attack
(9) Monitor autopilot modes
(a)‘ auto raté |
(10) Management and control of attitude manual
mode ' .
'(a) rate condition
(11) Monitor and control, control enable elements
(a) rotation hand controller |
(b) translation hand controller_.
(c) .fqtétibn.hénd conttbller'ééiéct
- (d) t:anslation hand controller select
(e) rotation controller system
(f) translation controller system
(g) FDI reference

(h) FDI select
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6.3.1.1.4.2 Navigation & Guidance Functions

- (1) Monitor, control and analysis of IMU

acceleration

(2) Monitor, control and analysis of IMU

attitude

€3) HManagement, monitor and analysis of

trajectory elements
(a)
(b)
(c)
(@

altitude

velocity

-heading

latitude and longitude

(4) Management, monitor, control and analysis

of targeting elements
(a)
(b)
(c)
(d)
(e)

velocity magnitude
radial velocity
out-of-plane velocity
range

position coordinates

(5) Management, monitor, command and analysis

of composite data and prediction element

(a)

altitude-velocity

(6) Manegement, monitor, command and analysis

of time~to-go element

(a)

main engines start/stop
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(7) Monitor, control and analysis of derived
data eleﬁents | |
(a) atti;ude rate
(b) angle of attack
(c) BV required

4g) BV to go

6.3.1.1.4.3 | Systems Monitoring Functions
| Monitor and control systems stafﬁs

~ (8) caution and warnihg

(b) communications

(c) electrical power

(d) environmental control andllife‘support
(e) mechanical power J

'(f)‘ propulsion systems

(g8) payload | .

6.3.1.2 Mission Sequence: Rendezvous

6.3.1.2.5 Catch~Up Phase

6.3.1.2.1.1 Control Functions

\'(¥) Monitor and control attitude
(2) Mbnitor and control attitude rates
(3) Monitor and control attitude command
(4) Monitor and control attitude errors
.(5) Monitor and control AV (LV) - _ S

(6) 1Monitor and control acceleration
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(7) Monitor and control thrust level (OMS)
(8) HMonitor and control auto pilot modes
(a) attitudeﬂhold
&) Hanagément and control of attitude manual
mode elements |
{a) rate .condition attitude hold
(b) acceleration
(¢) pulse
(10) Management, monitor and éontrol attitude
rates <. oleioa
| (a) high~ldw
(11) Monitor and control of control enable
elements

(a) rotational hand controller

(b) translation hand cqntroller

(¢) rotation hand controller se{gqti
(d) translation cont;olleriééléééi;
(e) rotation controller system

(£) translation controller sysﬁem .
(g) FDI-reference

(h) FDI select
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""acceleration

~ (instrument local vertical)

tracker (star elevation and declination)

6.3.1.2.1.2 Navigation & Guidance Functions

(1) Monitor, control and analysis of IMU

I - (2) Monitor, control and analysis of IMU
attitude -
(3) Monitor .and..command of IMU .alignment

(a) course alignment

.(4) Monitor and analysis of horizontal sensor

R ~ (5) Monitor, command and analysis of star

. . . (6) Management, monitor and analysis of

. tréjectory element _

. (a) - orbital parameters
| (7) 'Management, monitor, control énd analysis
of targeting elements : R T R
'1Hb;; “i “ (a)_rtarge; epheméris  |
(b) time of rendezvous

o (8)'“Manégehen£;_ﬁ&hitér,f&bnﬁféi-énd“éﬁalyéis

of composite data and prediction element

(a) target relative
(9) Management, monitor, command and analysis

of time-to-go elements

" (a) OMS engines start/stop
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(b) attitu&e start/stop
(10)4 Monitor,.contrpland analy;is.of deriQed.
'~ data elements -
jﬁ S ,» (a) A'V requiréé
(b) _AV to go

6.3.172.1.3 —“Systems “Monitoring Functions

Monitor and control,éystems status
- (a) caution and warning R
(b) communications |
(c) electrical power
“>(d)>'¢pvirdnmenta1 cont;ol and 1ife.§upport“
(e) mechanical power
(£) propﬁlsion systéms'“
- - (8) payload

"6.3.1.2.2 Relative'Phase

- -6.3.1.2.2.1 Control Functions

B | .(1). Monitor and control attitude ;

Co S - (2) Monitor and control attitude rates
., (3) ﬁonitor and control.atﬁitude.comhénd
(4) Monitor and control attitude errors
- (5) Monitor and contr‘oi A V‘ (LV)V N

(6) Monitor and control acceleration

(7) Monitor and control thrust level (OMS)
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rates

elements

(8) Monitor autopilot modes

(a)

attitude hold

(9) Control attitude manual mode elements

(a)
(b)
(c)

rate condition attitude hold
acceleration

pulse

(10) Management, monitor and control attitude

(a)

high-low

(11) Monitor and control of control enable

(a)
(b)
(c)

(d)

(e)
(£)
(2)
(h)

rotation hand controller

translation hand controller
rotation hand contréller select
translation hand controller select
rofation controller system
tfanslation controller system

FDI reference

FDI select

6.3.1.2.2.2 Navigation & Guidance Functions

.(1) Monitor, control and analysis of IMU

acceleration

attitude

(2) Monitor, control and analysis of IMU
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(3) Mbnitor and command IMU alignment
{(a) course alignment

(4) Monitor and analysis of horizontal sensor

(instrument local vertical)

(5) M¥omitor, control and analysis of S-band
ranging (range to target)

(6) Monitor, command and analysis of star

~ tracker (star elevation and declination)

(7) Management, monitor and analysis of
ffajectofy element -
- {(a) orbital parameters
(8) ﬁanagement, monitor control‘ana analysis
of targeting elements
| '(a), target ephemefié
(b) time of fendezvous
(9) ﬁénagément, monitor, control and analysis
of composite data and prediction element
{(a) target relative
(10) Management, monitor;'cbmmandAand analysis
of time-to-go elemeﬂt# |
fa) OMS engines start/stop
(b) attitude start/stop

(11) Monitor, control and analysis of derived

¢

data clements

(a) relative range rate
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(b) LOS rates

(c) AV required

IS

(d a Vuto go

6.3.1.2.2.3 Systems Monitoring Functions

6.3.1.2.3
6.3.1.2.3.1

Monitor and control systems status

(OF
(b)
(c)

(d)
(e)
®
(8)

caution and warning
communications

electrical power

environmental control and life support

mechanical power
propulsion systems

payload

Terminal Phase

Control Functions

()
(2)
3)
%)

-y

(6
S
@)
(9

Monitor and control
Monitor and control
Monitor and control

Monitor and control

‘Monitor and control

Monitor and control
Monitor and control

Monitor and control

attitude
attitude rates
attitude command
attitude errors
Av (Lv)

AV (LOS)
acceleration

thrust level (OMS)

Monitor autopilot modes

(a) attitude hold
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6.3.1.2.3.2

mode elements

rates

- elements

acceleration

~attitude

(10) ‘Management and control of attitude manual

(a) rate condition attitude hold
(b) acceleration
(¢) pulse

(li) Management, monitor and control of attitude

(a) high-low - - - -~

(12)A Monitor and control of control enable

”(a) rotation hand controller
(b) translation hand controller
(¢) rotation hand controller select
(d). translation hand controller select
(e) rotation controller system
(£) translation controller system

- (g) FDI referencé

(h) FDI select

Navigation & Guidance Functions

(1) Monitor, control and analysis of IMU

(2) Monitor, control and anaiyéis of IMU
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(3) Monitor, control and analysis of IMU

alignment

(a) course alignment
(4) Yonitor, and analysis of horizontal
sensor (instrument local vertical)
(5) Monitor; control and aralysis of S-band
ranging (range to target)
| (6) Monitor, control and analysis of star
tracker (star elevation and declinatién)
(7) Managément, monitor and analysis of
trajectory element N
-(a) orbital parameters
(8) Maﬁagement,'monitor, control and analysis
of targeting elements
(a) target ephem&ris
(b) time of.rendezvbus
‘(9) Management, monito:, control and analysis
of composite data and prediction element
(a) target relative
(10) Management, monitor, command and analysis
of time°to~g6‘e1emehts
| (a) OMS engines start/stop

(b) attitude stért/st-op
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" (11) Monitor, control and analysis of derived

data elements

6.3.1.2.3.3

6.3.1.2.4
6.3.1.2.4.1

(a) relative range rate

(b)
(c)
(d)

LGS rates
AV required

AV to go

Systems Monitoring Functions

Monitor and control systems status

(a) caution and warning

(b)
(o)
(d)
(e)
()
(g)

communications

electrical power

environmental control and life support

mechanical power

propulsion systems -

payload

Station-Keeping Phase

Control Functions

(1)
(2)
(3)
(&)
(5)
- (6)
A7)

Monitor
Mpnitor
Monitor
Monitor
Monitor
Monito;

Monitor

and control

and
and
and
and
and

and

control
control
control
contyol
control

control

attitude
attitude rates
attitude command
attitude errors
AV (LOS)
acceleration

thfust level (RCS)
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(8) Monitor autopilot modes

(a)

attitude hold

(9) Management and control of attitude manual

mode elements
(a)

(b)

(c)

rate condition attitude hold
acceleration _L”ﬂ”“,_

pulse

(10) Management, monitor and control of

attitude rates

(a)

high-low

' (11) Monitor and control of control enable

elements

(a)

(b)

~(e)
(d)

(8)

(h)

rotation hand controller
translation hand cohtroller
rotation hand controller select
translation hand controller select
rotation controller system

translation controller system

FDI reference

FDI select « ~ - --v - e oo

6.3.1.2.4.2 Navigation and Guidance Functions

(1) Monitor, control and analysis of IMU

acceleration

(2) Monitor, control and analysis of IMU

attitude
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(3) Monitor and command of IMU alignﬁent
- (a) -course alignment
(4) 1lionitor and analysis of horizontal sensor
(instrument local vertical)
(5) Monitor, command and analysis of star
tracker (star elevation and declination)
. (6) Management, monitor and analysis of
trajectory element
(a) orbital parameters
(7) Management, monitor, control and analysis
of composite data and prgdiction element
(a) target relative |
(8) Mahagement, monitof; command and analysis
of time-to-~go element
| (a) RCS translation'start/stOP
(b) attitude start/stop
(9) Monitor, control and analysis of derived
data elements
(a) relative range rate

- . gb) relative attitude

6.3.1.2.4.3 Systems Monitoring Functions
Monitor and control systems status
-(a) caution and warning

(b) communications
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(c)

(@)

" (e)
(£)
(g)_

electrical power
environmental control énd life support
mechanical power

probulsién systems

payload

,6.3.}.3 Mission Sequence: On Orbit

6.3.1.3.1 Hohmann Transfer Phase"

6.3.1.3.1.1 Control Functions

(1)
(2)

»

(&)
(5)
(6)
(N
(8)

9)
_.mode elemen;s

(10)

- rates

Monitor and control attitude
Monitor and control attitude rates
Monitor and control attitude command

Monitor and control attitude errors

Monitor and control 8V (LV)

Monitor and control acéeleration
Monitor and control thrust level (RCS)

Monitor and control autopilot modes

(a) attttude hold

Management and control of attitude manual
(a) rate condition attitude hold

(b) acceleration

(c) pulse

Management, mohitor_and control of attitude

13

(a) high-low
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elements

6.3.1.3.1.2
acceleration

attitude

(hy

- --(11) Monitor and control of control enable

rotation hand cohtroller
translation hand controller
rotation:hand controller select
translation controller select
rotation controller system
trénslacion controller system
FDI reference

FDI select

Navigation & Guidance Functions

(2)

(3)

(4)

" (instrument local vertical)

(1) Monitor, control and analysis of IMU

Monitor, control and analysis of IMU

Monitor, and command IMU alignment

(a)

course alignment

Monitor and analysis of horizontal sensor

trajectory element -

(a)

.~ (5) Monitor, command and analysis of star
tracker (star elevation and declination)

. (6) Management, monitor and analysis of

orbital parameters
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of targeting

(7) Management, monitor, control and analysis

elements .
| (a) veloéityAﬁagnitude

(b) radial velocity

(c) - position coordinates

(8) Management, monitor, command and analysis

-of time-to-go elements

- data elements

6.3.1.3.1.3

(2) RMS engines start/stop
- (b) attitude start/stop

“(9) Monitor, control andvanalysis of derived

(a) AV'requifed
(b) AV to go

Svstems Monitoring Functions

- Moniter and control systems status

(3) caution and warning
(b) communications

(c) electrical power

- (d) environmental control and life support

(e) mechanical power

" (£f)) propulsion systems

(g) payload
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S 6.3.1.3.2 0ut~of-Pléne Phase

elements

“>ﬂ6:3.1.3.2}1 Control Functions

(1) Monitor and éontrol attitude

(2) Monitor and control attitude rates

(3) Ecnitcr and control attitude command

(4) Monitor and control attitude errors

(5) Monitor and control AV (LV)
- (6) Monitor and control acceleration

(7) Monitor and control thrustllevel (RCS)
A>‘(8)v Monitor éutopilot modes o

(a) attitude hold o

(2) Management and control of attitude manual

mode elements

(8) rate condition attitude hold
(b) acceleration

.. (c) pulse

~ 7 (10)  Management, monitor and control of attitude
. (a) high-low

-~ (11) . Monitor .and control of control enable

(a) rotation hand controller
(b) ;ranslation hand controller

(c) rotation hand controller select
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(d) translation hand controller select
(e) rotation controller system

(£) franslation controller system

(g) FDI reference |

(k) FDI sclect

6.3.1.3.2.2 Navigation & Guidance Functions

acceleration

attitude

t

(1) DMonitor, control add analysis of IMU
(2) Mbnitor} control and analysis of IMU
(3) Monitor and command of IMU alignment

(a) course alignment

(4) VYMonitor and analysis of horizontal sensor

(instrument local vertical)

(5) Monitor, command and analysis of star

'tracker (star elevation: and declination)

(6) Management, monitor and analysis of

_trajectory element

(a) orbital parameters

(7) Management, monitor, control and analysis

of targeting elements

(a) velocity magnitude
(b) out-of-plane velocity

(¢) position coordinates
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" of time-to-go'

(8) Management, monitor, command and analysis

elements
- (a) RCS engines start/stop

(b) attitude start/stop

- (9) Monitor, control and analysis of derived

data‘eiements

- 6.3.1.3.2.3

(a) AV required
- (b) AV to go

Systems Monitoring Functions

~ Monitor and control systems status

(a) caution and warning

:(b) communications

(c) electrical power

(d) environmental control and life éupport

(e) mechanical power

(f) propulsion systems

(8) payload

. 6.3.1.3.3 Corrective Combination Phase

'WW;WAWW;6.3.1.3.3;1'W Control Functions ~~—~ T

~ (1) Monitor and contrél attitude

(2) Monitor and control attitude rates

(3) Monitor and control attitude command

(4) Monitor and control attitude errors

(5) Monitor and control AV (LV)
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‘ ‘ - - = = (6) Monitor and control acceleration

Mv__ “ -L>““. _ _(7) Monitor and control thrust level (RCS)
(8) Monitor éutppilot modes
({a) attitude hold
© (9) Management and control of attitude manuai
.. . mode elements
(a) fate condition attitude hold
.(b) acceleration
" (¢) pulse
'(10) Management, monitor>and céntrol of attitude
rates
‘ . . | _ ‘_(a). high?léﬁ
| - (11)‘ Moniﬁor and controizof-éontroi enéble
elements
(é) rofation hand controller
(b) translation hand controller
(c) rotation hand controller}select
(d) translation hand cohtroller_select_~
''''' | (e) 'fotation controller system
e (fi translation controller system

(g) FDI reference

(h) FDI select

F-398-8-A




DATE 10/20/72 THE SINGER COMPANY - PAGE NO.gw4,3
SIMULATION PRODUCTS DIVISION

REV. - " BINGHAMTON, NEW YORK : .REP. NO.

F.398-8-A

6.3.1.3.3.2 Navigation & Guidance Functions
| | | (1) Monitor, ?ontrol and analysis of IMU
acceleration
’(2) {onitor, éontrol and analysis of IMU
attitude
(3)’ Monitor and command IMU alignuent
“¢{(a) course alignment
(4) -Monitor'énd analysis of hbrizontal sensor
(instrument local vertical)
| (5) Monitor, commaﬁd and an&lysis of sfar
tracker (star elevation and declination)
(6) Manégement, monitor? and anaiysis of tra-
"jeCtéry element
(a) - orbital éarameters
(7) Management, monitor, control aﬁd analysis
-of targeting elements
| | (a) Velocify magnitude
e - (b) radial velocity
| -~(c) out-of-plane velocity
S SRR R TR (d) position coofdinates
';(8) Management, monitor, command and analysis
of time-to-go elements
'  (a) RCS engines start/stop

(b) attitude start/stop
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(9) Monitor, control and analysis of derived
.daté eleménfé- H a o |
(a) AV required
_; (b) AV to go |

'6.3.1.3.3.3 Systems Monitoring and Functions

Monitor -and control systems status

(a) caution and warning

BRON

communications
(¢) electrical power
,,,,, ) -.:(d) _envirdnmentalhcontroi aﬁd 1i£; support
_ o o (e) mechanical power
P ‘,:“ ‘1_}(f)—ipr§puision.systems
(g) payload

. 6.3.1.4 Mission Sequence: Pavload Handling

 6.3.1.4.1 Docking Phase
S 64,3.1.4.1.1 Control Functions : : S e
(1); Monitor and control attitude
- . s - (2) Monitor and control attitude rates

"7 7 (3) Monitor

‘and control

attitude command

(4) Monitor and control attitude errors
) | ”(5)‘ Monitor and control AV.-(LOS) o
(6) Monitor and control acceleration
‘ (7) Monitor autopilot modes

(a) attitude hold
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S (8) Management, monitor and control attitude

_ rates

()

high-low

(9) Management, monitor and control of control

enable elements
N . (a)
(b)
(c)

@

(e)
R,

h)

rotation hand controller

translation hand controller
rotation hand controller select
translation hand controller select
rotation controlier system
translation controller sysﬁem

FDI reference

FDI select

6.3.1.4,1.2 Navigation & Guidance Functions

(1) Monitor, control and analysis of IMU

..acceleration -

== - <. attitude

(2) Monitor, control and analysis of IMU

(3) Monitor and ahalysis of horizontal sensor

- (instrument local vertical)

(4) Management, monitor and analysis of

trajectory element

(a)

orbital parameters
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.f(S) Management, monitor, control and analysis
of targeting element
(a) target epéemeris
(6) Management, monitor, control and analysis
of composite data and prediétion element
(a) ‘target relative

(7) HManagement, monitor, command and analysis

of time-to-go element

(a) RCS translation start/stop
_f(8)vMonitor. control and analysis of derived
data element

'(a) relative attitude

6.3.1.4.1.3 Systems Monitoring,Functfons
- Monitor and control systems status
(a) caution and w;rning
(b) communications
" (c) .electrical power
(d) environmental control and'life.support
I (e) mechanical péwer
'4 ‘:M_,i tl, (fi ,pfopﬁlsiqn systéms

- (g8) payload

6.3.1.4.2 Undocking Phase

6.3.1.4.2.1 Control Functions
(1) Monitor and control attitude

(2) Monitor and control attitude rates
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(3) Monitor and control attitude command
1_(4)7 Monitor and control attitude errors
(5) Monitor and control AV (LOS)
- (6) Monitor and control acceleration
- (7) Momitor autecpilot modes.
(a) attitude hold
(8) Management and control of attitude manual
mode elementé_
. (a) rate condition attitude hold
(b) acceleration | |
(¢) pulse
-(9) ﬁanagement, monitéruand céntrol aﬁtitude
rateg
(a) high-low
A'(IO) Monitor and ;ontrol of control enable
elements

rotation hand controller

(a)
(b) translation hand controller
_(c)_ roﬁation handAcontroller select
- (d) trahslatién hand controller select
(e) rotation controller system
(f) translation controller system
(g) FDI reference
(h) FDI selec£
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" 6.3.1.4.2.2 Navigation & Guidance Functions

(1) Monitor, control and}anélysis of IMU

acceleration
(2)7 Monitor, control and analyéis.of IMU
attitude | |
',;_ L (3) 'Méni;or,vcommand and control of IMU

"alignment

(a) prelaunch

" (4) Monitor and analysis of horizontal sensor
”,;.L(instrumeﬁt localhverﬁical) -

"7 " (5) Management, monitor and analysis of
- -trajectoryuélémeﬁﬁl - | i

" (a) orbital parameters )

(6) .ﬁanagement, monitor; céntfol éndAanalysis

“of targeting element |
R | (a) target ephemeris

'i’(7)A Management, monitor, control and analysis

-+ ---- - of composite data and prediction element

S _u;”_(a)_ Farget’relativé oo
L —--- (8) - Mangement, mon;tor, comména aﬁd analysis
fof timeftq-go element
(a) RCS trénslation start/stop -
(9) Mbnitpr; control and analysis of‘derived ’

= data element

(a) relative attitude
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6.3.1.4.2.3

Systems Monitoring Functions

(a)
(b)
(c)
(d)
(e)
(£)

(8)

caution and warning
comtmunications

electrical power

Monitor and control systems status

environmental control and life support

mechanical power
propulsion systems

payload -

- 6.3.1.4.3 Station-Keeping Phase

) T 6’301.4.3.1

elements

Control Functions

(1)

(2)

(3)

&)

(5)
(6)

M

Moni;or and control
Monitor and control
Monitor and coﬁtrél
Monitor and éontrol
ﬁonitor and éontr&l
Monitor and ?ontrol

. Monitor and control

~ (a) attitude hold

(8)

Monitor.and concrql

(a) rate condition
(b). acceleration

(¢) pulse

attitude
attitude rates

attitude command

attitude errors

AV (LOS)
acceleration

autopilot modes

attitude manual mode

attitude hold
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©(9) Management, monitor and control attitude
ffates - I
(a) high-low

. (10) Honitor and control of_éontrol enable
elements |
,(é). rotation handléontroller
" (b) translation hand controller

(c) r;tation hand controller seiect

(d) translation hand controller select

(e) rotationAcontfoller system

(f) translation contfoller system

(g) FDI reference

(h) FDI select |

-6.3.1.4.3;2 Navigation & Guidgnce Functions

(1) Moni;or, control and analysis of IMU
‘acceleration
-(Z)H’Mon;tor; control and analysié of IMU
- attitude |
._(3). Monitor and coﬁpand IMU alignment
oo o-eoe-s oo e (g)  course alignment
| (4)' Monitor and analysis of horizontal sensor
(instrﬁment local vertical)
V(S) Monitor, command and analysis of star trackex

3

(star elevation and declination)
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‘‘‘‘‘‘ ~w=- - (6) Management, monitor and énalysis of
itréjectory eiement
-(a) orbital pérameters
A:(7) Managemént, monitof, control and analysis
of targeting element |

(a) target éphemeris

(8) Management, monitor, control and analysis

- of composite data and prediction element

mieoes-ses - o - (a)  target relative

- (9) Management, monitor, command and

" analysis of time~to-go elements

oo - (€)  mechanical powér e ;,;_M;_”-_

(a) RCS translation start/stop

(b) attitude start/stop

6.3.1.4.3.3 Systems Monitoring Functions

Monitor and control systems status
(a) caution and warning

" (b) communications

'“_M.HARAMNMHHW.(c), electrical power ... _.. ..

"7 (d) environmental contrbl'and 1ife sﬁpport"wn_w

i

(f) propulsion systems

(g) payload
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- 6.3.1.4.4 Payload Deploy/Retrieve Phase

f:z6;5;1;4;4,1”mwcpntroi Functions

oo T - -—=-- (1) Monitor and control attitude
“(2) -Monitdr and control attitude rates
(3) Monitor and control attitude command
.(4) Monitor and control attitude errors
(5) Monitor and control AV (LOS)
:m(6) Monitor autopilot modes
Tt o T (a) attitude hold

e ~_ (7) Management and control of attitude manual

©  (a) .rate condition attitude hold
“(b) acceleration

(c) pulse

T T YT (8)  Management, monitor and contrdél attitude
. rates
N - Caze, . N B -
(a) high-low
e eeee o - -(9) - Monitor and control of control enable
! . i ! . . : | : .
- Celements T mTT e
f-em e pi e i i~ . (@) -rotation hand controller

(b) translation hand controller
(¢c) rotation hand controiler select
"(d) translation hand controller select

S - - (e) rotation controller system
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(f) translation controller system
(g) FDI reference

-(h) FDI select

6.3.1.4.4.2 Navigstion & Guidance Functions

(1) HMounitor, control and analysis_of’iMU
acceleration

(2) Monitor, control and analysis of IMU
attitudé |

(3) Monitor and analysis of horizontal sensor
(indicator local vertical)

B © (4) ~Management, monitor and analysis of tra-

jectory element

(a) orbital parameters
(5) Management, monitor, control and analysis
of composite data and prediction'element

(a) 1landing site relative

(6) Management, monitor, command and analysis

- of time-to-go element .. . . . L

(a8) RCS translation start/stop

.. (1) . Monitor, control and analysis of derived

data elements
(a) relative range rate

(b) relative altitude

[
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6.3.1.4.4.4

22
pvIII-27- .
VIII-105

subsystems

Systems Monitoring Functions

(a)
()
(c)
(@)
(e)
(£)
(2)

Pavload Handling Functions

~Monitor and control systems status

caution and warning

communications

electrical power ,

environmental control and life support
mechénical power

propulsion systems

payload

6.3.1.4.4.4.1

System Check=-0ut

(1)

@
3)

(&)

Monitor and control slave arm hold downs
Monitor and control cargo doors

Monitor, activate and control support
- (a) lighting
(b) TV cameras

(c) communications

Monitor, activate and analyze electrical

power to manipulator joints

location

(5)

(6)

(7)

Deploy slave shoulders to operational

Deploy cargo bay TV cameras

Monitor and activate TV controls
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o - (8) Monitor and control master arm hold downs
(9) Activate power to No.lmaster and slave

£

(10) Select and activate No.l manipulator
arm ratio | |
(11) Monitor and control Nb. 1 master and
slave through operational range
- (12) Deéctivate No. 1 master and slave
c— . (13) Activate power to No. 2 master and slave
(14) Select and activate No. 2 manipulator
arm ratio
| (15 Monitor and control No. 2 master and slave
through operational range.
v(16) Conduct operatiogal task using desired

master/slave

6.3.1.4.4.4.2 Shutt1e~to~Spacé Docking and Module Transfer
(1) System check-out completed
(2) Monitor éﬁd command position ofvmanipula~
~tor arm - C B Af,
~“:__(”.;30)#m:S‘éi.?éc't;“ar-\d..':it.:l:ui.vz_at:vf‘: ﬁanibﬁlétof arm rétio
- AR (4). Monitor and control final closure to slave
reach énvelope .
(5) Monitor‘and control manipulator arms to

grasp space station receptical

(6) qui;gt, engage and lock terminal device
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46
p 31-32

oo (7) Monitor and command computer control AV
4(8) >Mobitor tfanslation and docking
(9) Disengage terminal device
(10) .Monitor‘and contrdl slave to cafgo bay
(11) Monitor and control ménipulator arm to
grasp and release module hold down
(12) Monitor and control TV camera alignment

(13) Monitor and control manipulator arm to

" move module from hold down fixture and clear of cargo bay

(14) Monitor and command computer to position
module
- ¥(155 Monitor aﬁd cﬁnfrélbmodule insertion into
docking port
(16) Disengage and control position of
terminal device | |

(17) Monitor and control slave to stowed

position

e (18) Deactivate system

6.3.1.5 Mission Seqﬁence;‘ Return to Earth

6.3.1.5.1 Deorbit Phase

6.3.1.5.1.1 Control Functions

(1) Monitor and control attitude
(2) Vlonitor and control attitude rates

(3) Monitor and control attitude command
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S o
| ()

%)

(8)

(9

mode elements

elements

'i(c) ‘speed brake

Monitor and control attitude errors
Monitor and control AV (LV) -
Moaitor and control acceleration
Monitbr and control thrgsf level (QMS)
Monitor autopilot modes

(a) attitude hold

Management and control 6f attitude manual

(a) rate condition attitude hold

(b) acceleration

(o) pulsev

Management, monitor and control attitude

(a) high=low

Monitor and control of control enable

(a) rotation hand controller

’i(b)"rudder pgdals

i

(d)  trans1ation hand controller

(e} rotation hand controller select

(f) translation hand controller select
(g) rotation controller system

(h) translation controller system

H

(i) FDI reference

() FDI select
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6.3.1.5.1.2 Navigation & Guidance Functions

-racceleration

' >(1)> Monitor, control and analysié of IMU

- (2) Monitor, control and analysis of IMU

attitude

- ~ (a) course alignment

(3) Monitor and command IMU alignment

(4) Monitor and analysis of horizontal sensor

"~ "7 (instrument local vertical)

(5) Monitor, command and analysis of star

tracker (star elevation and declination)
‘trajectory element =

(a8) orbital parameters

of targeting elements

‘(a) time of landing
... (b) 1landing site location

_®

1

ieieoo——i-0f composite data and prediction elements

(a) ground tracks

(b) 1landing footprint

of time~to-go elements

. ..(6) Management, monitor and analysis of

'(7) Management, monitor, control and analysis

Management, monitor, control and analysis

(9 Maﬁagement; monitor, command and analysis
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- data elements

6.3.1.5.1.3

"(a) OMS engines start/stop
(b) attitude start/stop -
"'(¢) touch down

(10)' Monitor, control and analysis of derived

(8) AV required
(b) .AV to go

. (¢) down range to go
(d) cross range'to.go |

Systems Monitoring Functions

Monitor and control systems status

(a) caution and warning

(b) communications

'(c) electrical power

(d) environmentai control and life support

- (e) mechanical power

~(f) - propulsion Systems

(8) payload

6.3.1.5.2

Pre*Entf? ?hase

- 6.3.1.5.2.1

(1) Monitor and control attitude

Control Functions
(2) Monitor and control attitude rates
(3) Monitor and control attitude command

(4) Monitor and control attitude errors
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. _(6)
" elements

- (7)
(8)
(9)

"mode elements
- 10)

rates

Can
eiements .

Monitor and control acceleration

Monitor and control angular displacement

(a) angle of attack

(b) bank angle
Monitor and control angular rates
(a) attack rate

Monitor autopilot modes

" (a) attitude hold

Management and control of attitude manual

(a) rate condition attitude hold
(b) acceleration
(c) pulse

Management, monitor and control attitude

(a) high-low

Monitor and control of control enable

(a) rotation hand controller
(b) rudder pedals’

(c) speed brake

'(d)' translation hand controller

-(e) rotation hand controller select
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. R o : (f) translation hana controller select
A”(g) ;otat;on controiler.sygtem

(h) translation controller system

(i) FDI reference |

(3) FbI select

6.3.1..5.2.2 Naviegation & Guidance Functions

(1) Monitor, control and analysis of IMU

iaccelefaﬁion_v-
(2) - Monitor, control and analysis of IMU
éttitude | | . 4‘ o |
7 7 (3) Monitor and command of IMJ alignment
- . 1 | L (_a)w course alignment

(4) Monitor and analysis of'horizdntal sensor
(inéﬁrﬁmént local Qértical) - . |
(5) Monitor, command and analysis of star
.tfacker (séar elevation andrdeclination) o
'"(6)’ Management, monitor and analysis of
WAéréiectéry eiement‘- L ‘ o

S, -'-(a)' orbital.parameters

@) Ménagement, monitor, control and analysis of
" composite data and'prediction'element" ST
(a) landing footprint

‘ . o o - (8) Management, monitor, command and analysis

of time-to-go elements

F-.398.8-A
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(a) attitude start/stop
(b) touch'ddwq
(9) Monitor, control and analysis of derived.
data elements

(a)

(b) cross range to go

dewn range to go

Systems Monitoring Functions

6.3.1.5.2.3

Monitor and control systems status

- (a) caution and warning -
(b) coﬁmunicétions
" (¢) electrical power
” ‘ (d) Venvirbnmental control and life support
(e) mechanical power .
v_-(f) propulsibn systems
“(g) payload

6.3.1.5.3 Entry Phase

" 6.3.1.5.3.1  Control Functions

attitude

B (1) Monitor and control
B N ¢ Monitor and control attitude rates
,.:_N_ — um*,w__L;:;;(S)'-noﬁitorzand contrél attitude cpmmand
N ", (4) Monitor and control attitude errors
| (5) Monitor and control acceleraﬁion
- (6) Monitor and control angular deplacement

(a)

angle of attack
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U OOy S (b) bank angle B .

- ... _. .A1) Management, monitor and control angular rated

) I (a) attack rate
(é)m ﬁoﬁiﬁég_éutOpiiot modes
- (a) bank control
_ vioemeeeo - ... (b) attack control
" (9) Management and control of attitude manual
- . .._.mode element . . oo e e
I T (a) fétéAconditi§hfattifhdéihold —:__:
S L .« - - .. -~ (10) Monitor and control of control enable
‘@ e
- T . -~ -:+ .~ .-(a) rotation hand controller
) ) _“(b)}'tténslation hand;coﬁtrdiier
- (c) rotatiop hand controller select
) i ) o __“: S i_(d)‘ translation hand controiler select
-~ (e) rotation controller system
i} 3 _: . o ) i(f)f.tfanslation cbntrdiler syéfemr
= | e - (g) | FDI reference |
O T T T Ty 0T select -
e S % 6:3.1.5.3.2 " Navigation & Guidance Fﬁnctions

 “(1)- Monitor, control and analysis of IMU

-‘acceleration

- (2) Monitor, control and analysis of IMU

© T T 7 attitude

S
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(3) Monitor, control and analysis of
temperature sensors | ~ | |
(a) body temperaturé

- (4) .Managemenﬁ, moﬁitor énd analysis of

trajectory elements |
(a) _altitude
(b) velocity
(c) héading
(d) 1latitude and longitude
(e) flight path aﬁgle
(5) Management, monitor, control and analysis
‘bf-targeting eleménts
(a) target ephemeris
'(E) high key location
'(6) Management, Qonitor, control and analysis of
composite data and prediction elements
(a) altitude-velocity‘\
- -(b) - landing footprint
"~ (7) Management, monitor, command and control
 of time-to-go élements-
k (a) touchdown
(8) Monitor, control and analysis of derived

data elements

'(a) altitude rate

(b) angle of attack
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- 6.3.1.5.3.3

1 6.3.1.5.4.1

Svstems Monitoring Functions

(c) angle of attack rate
(d) angle of bank '
(e) total heating

(f) down range to go

(g) crcss range to go

(h) dynamic pressure

(c)

L (d)
©

(£)

&

6.3.1.5.4 Energy Control Phase

- Monitor and control systems status
- (a)
- (b)

caution and warning

communications,ﬂ

electrical power

environmental cont?ol aﬁd life~suéport
ﬁechanical power

propulsion systems ‘

payload

" Control Functions

(1)

@
™
W
()
(6)

Monitor and control attitude . .

Monitor and control attitude rates

- Monitor and control attitude ccmmand

Monitor and control attitude errors
Monitor and control acceleration
Monitor and control angular displacement

(a) angle of attack
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T " rates

"(indicator)

elements

6.3.1.5.4.2

attitude

(distéﬂce to station)

“acceleration - |

- (b) bank angle

(a) ‘roéation‘hand Ebnﬁrollef
(b) rudder pedals |
(c) épeed brake ”_: ;;

(d) FDI reference

ké) FDI sélect

Navigation & Guidance Functions

-..-(1) Monitor, control and analysis

.- (2) Monitor, control and analysis

(3) Monitor, control and énalysis

[P T

(4) Monitor, control and analysis

‘17(bearihg to station)

_(7), Management, moqitor”and controi angular
(a) attack raté
(8) 1lonitor autopilot-modes
(a) bank control
_ (b) attack control
- (9) Monitor.and control aero surface position
(10) Monitor and control of control enable

of IMU

of IMU
of DME

of VOR




F.388.8-A

DATE 10/20/72 © THE SINGER COMPANY PAGE NO. ¢ _¢7

o

SIMULATION PRODUCTS DIVISION

REV. - : - e : BINGHAMTON, NEW YORK : REP. NO,

(5) Monitor, contr01 and analysis of baro.
 altimeter (altitude)
o ot - (6) Monitor,’contf6l and analysis of "speed
"énd veftic31'5peed — | -
- (a) IAS and mach now
(b)) rate bf descent
(7) Moniéor,controi and analysis of teﬁperature
_sensors | - B - ‘
“(a) total temperature
””fS) Manégeﬁeﬁt, mdnitorAand anélysis>of
trajectory elements
S “ ‘,‘(a) Aalfitﬁde_m
" (b) .velocity
(c) 4Eéaaing “
(d) latitudé and longitude -
,.(e) .flight pagh ;hgle . ’;H; 1 U,~,_
(9). Management, monitor, control and analysis

- of targeting elements . . . o -

" (a) target ephemeris =
w;»-wip R '“N (b) low key location .. o

I ~(10) -ﬁénagement, monitor, céntrol; anélanalysis
- - .- .. of composite data and prediction elements
(a) 1landing site relative

(b) energy range N
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+ -~-=-- -+ - - (11) Management, monitor, command and analysis
ofltimé-to-gp element ~

(a) touéﬁdown

(12) Managemént, control and analysis of derived

data elements

(a) .éltitude“rﬁte
T ) (b) 'angle of attack
| o (c) angle of attack fate :
s oo o (d) 0 angle of bank
 (e) down range to go
" (£) cross range to go-
.. (@ vpereemt il
| (h) total energy
<i5 true éirépeed
(j) ground épeed

(k) dynamic pressure

7 6.3.1.5.4.3 Systems Monitoring Functions

... Monitor and control systems status

(a) caution and warning =

| S ) B communications

w(e) electrical power
(d) environmental control and life support
(e) mechaniqal power
(£) propulsion systems

(g) payload
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6.3.1.5.5 Final Approach Phase

:_§.3.1.5.5.1 Control Functions

R (1) Monitor”and control attitude
.(2) “Monitor and éontréi attitude rates
(3)  Monitor and control atﬁitude command
(&) ™Monitor and control attitude errors
© (5) Monitor and control acceleration
»(6)'!Monitor and control angular displacehent
© 7 (a) angle.of attack
-.kbi ‘bank angle | |
o R ¢ Monitor and control angular rates
A‘ ._ka) attack rate | o
(8) Monitor aufopilot ﬁodes
| A.fé) bank control |
~(b) attack ;ontrol
‘kc) attitude hold “
'(d) VOR, GS, LOC hold
(e) heading hold L
T T T T T () auto land
SR - (§) ﬁanagement.and“control of attitude manual
ﬁode elements |
(a) bank condiﬁion
(b) flight path angle condition

(¢) rate condition
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, ' R A e . (10) Monitor and control of aero surface

position (indicator)
- 4(115' Monitéf.and égntrol ofnéoﬁtrol eﬁablé
~ elements
. (a) fotation hand controller
(b) rudder pedals
. (c) speed brake
(d) ABES throttles
e e : . ~-.(e) FDI referepce e e

(£) FDI select

lllll : . . - - 6.3.1.5.5.2 Navigation & Guidance Functions
) . 4 | R (1) ‘Monitor, ‘control and analysis of IMU
SR  -~-acceieration . I S
, (2)7 Monitor, cpntfol and analysis'of IMU

- attitude
F-(3) Monitor;'cbntrol»and analysié of DME
- (distance to station) |

- (4) Monitor, control and anélysis Of'Speéd and
C | vertieal T
(a) 1S and mach no.

SRR S e e . -~ (b) rate of descent

(6) Monitor, control and analysis of temperature

5€nsors

- (a) total temperature -

F.398-8-A
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o B ”efajecﬁefy_elementsm; S
- (a) altitﬁdef SR
>~:(B)> veloeity | -
(C) heading . S » e =
_ :(d) latitude and longitude"
(e flight path angle
. L >:,(8)‘ Management, monitof;‘eoﬁtrol and analysisv
) “of targeting elements o
 (a) target ephemeris
'(b) low key location
_. ~ (9) Management, monltor, contfel and analfeie
of compos1te data and predictlon elements
t; o ) (a) landing site relatlve
a J'””mem'“ww" o - (b) energy range
. (o) altitude ramge .
. ) ) S (d) azimuth range
e mwuemw__»“uﬂwmﬂwe(lo)' Management, monitor, command and analysis
o . of time- to-go ‘element = e S
R— ;m_WAH.mmw7"«(a)-wtouchdown- :n.fmm..fn.uri
) (11) Monitor, control and analysis of derived
.data elements S e e e e
) o 1 (a) altitude rate '"; o
(b) angle of attack : - -

e e com-—eo- (7)) Management, monitor and analysis of
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. 6.3.1.5.5.3 Systems Monitoring Functions

RREEEREE (c) angle of attack rate
};:; ;:l  ““ (d)‘ angle-of bank
T 7 (e) vpercent L/D
o (£) total energy
(g) true airspeed
(h) ground speed
(i) .dynamic preséure
T " Monitor and control systems status
; w_(a) caution and warning |
- (b) communications
(¢c) electrical power
 (d) environmental contrgl and life support

(e) mechanical power . o

(f£) propulsion systems

(g) payload

© 6.3.1.5.6 Roll-Out Phase

—6.3.1.5.6.1 Control Functions

" (1) Control of attitude manual mode element

s : ~*(a) nose wheel steering
(2).’ﬁ§hitor and control of aero.éurfaée

position (indicator)

D (3) Monitor and contfél 6fuéontrolvenéble

elements
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- (a) rotatian hand controller
| (b) rudder pedals

==+ - (e) speed brake. .
(d) ABES throﬁtles

(4) Monitor and control chute deployment

0 6.3.1.5.6.2 Bavigation & Guidance Functions
| (1) Monitor, control énd analysis of IMU
 :attitude :_ |
(2) Monitor, control and analysis of precision
‘bME (disféﬁée'td toﬁchdown)
(3) Monitor, control and analysis of baro.
éitimeter (éititude5-' - | |
o " 7 (4) Monitor, control ana analysis of
temperaturé sensors | | |
(8) total témperature )
(5) ”Monitor, control and analysis of radar

altimet ¥ (precision altitude)

. ‘f' i e oo ... .(6) HManagement, monitor and analysis of

U e e e e =

" “trajectory elements
e eie oo o ... (a) wvelocity

(b) heading

6.3.1.5.6.3 System Monitering Functions
. Monitor and control system sta;us>

(8) ceution and warning
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- (b) communications e
: i ) - _V(c)‘ electticql power
(d) mechenical power
(e). propulsion system
(f) payload

6.3.1.6 Mission Sequence: Ferry

~ 6.3.1.6.1 Preflight Phase

6.3.1;6.1.1 .VCOntrol Functions

~ (1) DMonitor and control attitude
,-(2) Monitor éutopiiot modes
(a) bank control
(b) attack‘cbntrﬁi”
o (c) attitudé hold
— _(d)‘ VOR, GS, LOC hold
" (e) heading hold
7-(f) area havigation
S : ,
(g) auto land

.. (3) Management and control of attitude manual

" mode elements

- bank condition . . - mwuqnm»-

-~ (a)

(b) flight path angle condition
(¢) nose wheel steering.
- (d) rate condition N

. (4) Monitor and control gyro aero surface

position (indicator)
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. . 6.3.1.6.1.2
attitude

- alignment

' altimeter -

(5) Control of control enable elements
| | (a) rotation hand controller-
(b) rudder pedals
(¢) speed braké
(d) ABES throttles
(e) FDI reference .
(f) FDI select

Navigation: & Cuidance Functions

(1) Monitor, control and analysis of IMU

" (2) Monitor, command and control of IMU

(a) prelaunch

(3) Monitor, command and control of baro.

(4) Management, monitor, control and analysis

:‘6f targeting elements

6.3.1.6.1.3

‘””‘“”““‘";’"""“'““"”""“‘“"”."*“"“_‘ (8) ~~~position coordinates - T T oo

 (b) time ofilanding
;(C) landing site location - - ~— ——--

Svstem Monitoring Functions

" Monitor and control system status

(a) caution and warning

(b) communications
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- (c) electrical power
) . _ (d) environmental control and life supporti
- - (e) méchanicai poﬁer EEEET
) v(f)- @ropulsion system o ) )

T 776.3.1.6.2

- Take-0ff Phasge

- "6.3.1.6.2.1 Control Functions

""" " (1) Monitor and control attitude
A_: - u:“_:, - _jjw;wm(2)  Monitof aﬁd éqntrﬁi-aﬁtitudeifatéé
(3) Monitor and control attitude command
o o — (4).“Monitofvand ;ontfoi gftitude'érrsrs
(5)' Monitor and control acceleration
ﬁ¥-t6)“:ﬁoﬁitor aﬁdaébntrbl fﬁfﬁst ievel-”
"~ (7) Monitor and control angular displacement

. . (a) angle of attack

" (8) Monitor and control angular rates
e (a)

"~ (9) Management and control of attitude manual

attack rate U

-~ .. mode elements . .. ... . e e e

F-398-8-A

‘bank condition

I - - --(b) flight path angle conditionA
) — o A (c) ‘nose wheel steering -

position

(d)

rate condition

" ;;(io)m—Mbnitor and control aero su

(indicator) : - o
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~elements

"6.3.1.6.2.2
' éc?gierat?op
g@titude
‘ altimgter
;;

' sensors

+

-~ (11) DMonitor and control of control enable

(a8) rotation hand controller

(b) rudder pedals

(¢) speed bréke

(d) ABES throttles f>
(e) FDI reference
'(f) FDi-select

Navigatioﬁ & Guidance Functions

(1) Monitor, control and analysis

(2) Monitor, control and analysis
(3) Monitor, control and analysis

(4) Monitor, control and analysis

- (a) total temperature

~.trajectory elements, -t ool

(a) altitude |
(b) velocity
(c) heading =
- (d) flight path angle?

of IMU

of IMU

of baro.

of temperaturg

- (5) ‘xanagemeﬁt.“monitorwahd.éhalysis'6f
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omeeeees oo —- oo - - (§)  Management, monitor, control and analysis

~of targeting element

-(a) position coordinates

(7) Management, monitor, command and analysis

of time~to-go element o e

(a) toudhdown‘

(8) Monitor, control and analysis of derived

~ data elements =

~(a) altitude rate
(b) angle of attack

- (¢) angle of bank

. (d) percent L/D

(e) true airspeed

(f) dynamic pressure

6.3.1.6.2.3 System Monitoring.Functiong

.Monitor and control systems status

I C))
- (b)
e
e ()
. (e)
- (£)

caution and warning

communications

electrical power
.environmental control and life support
mechanical power

propulsion system
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- 6,3.1.6.3 Cruise Phase

' :6.3.1.6.3.1 'Control Functions

- (1)  Monitor and
_  (2) Monitor and

(3) Monitor and

(4) HMonitor and

(5) Honitor and

(6) Monitor and

== - (7) Monitor and

control
control
control
control
control
control

control

(a) angle of attack

attitude

attitude rates

attitude command
attitude errors
acceleration
thiuét levelvn

angular displacement

(8) Monitor and control angular rates

" (a) attitude hold -

(¢) heading hold

(9) Management and monitor autopilot modes

~(b) VOR, GS, LOC hold

(d) area navigation

~ (10) Management and control of attitude manual

. .mode elements

(c) rate condition

- (a) bank condition

(b) flight path angle condition |

(11) Monitor and control aero surface

~ position (indicator)
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(12) Monitor and control of control enable
'g;ements'
- (a) rotation hand controller -
(b) rudder pedals
(c) speed brake
'(d) ABES throttles
- (e) FDI reference
_ _  (f) FDI seléct_
6.3.1.6.3.2 Navigation and Guidance Functions
- “_Wj(l) Monitor; control and.analysis of IMU
acceleration
”‘(2)' Monitbr, control and»anélysis of IMU
attitﬁde‘
'«.(3) ﬁﬁhitor, éoﬁtfol and éﬁalysisrof DME
(distance to station) -
. (4 Monitor, control and analysis of VOR
- (bearing _to station)
| - - '-~(5) Monitor, conﬁrbl and anélysis-of baré.
- ’m;'“;altime;erl [ R )
-“; ~-~-‘ | !‘(65» Moﬁitof, cont?ol én& aﬁalySiérof

" temperature sensor element

(a) total temperature

trajectory elements

(a)b élfitude

" (7) Management, monitor and analysis of
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- - (b) velocity
) _n * v_ (c¢) heading
(d) latitude and longitude
(¢) flight path angle
(8) Management, monitor, control znd analysis
| ”qf“targeting elements
T o (a) position coordinates
- V"A—“H - ;“ (b) time of landingvvr
(c) landing site location

. ii,uli:i (9) Management,‘monitor; ébmmand aﬁd anélysis}
of composite data and prediction element
,,,,,,,, H | o ,_(a). gfound tracks_;_i__
(10) Monitor, control and analyéis of time~
to-go clement o o

" (a) touchdown

F.398-8-A

G,

~(11) Monitor, control and analysis of derived

data elements

e eme o oooo.(@)  altitude rate I

} " '(b) angle of attack < =~ 7
ot i ._;;wjkéiw—;ngleh;f at;éck\;atevt-m.h R
"(d) angle of bank
- (e) percent L/D
_ " (f) true airspeed
~ - (g) ground speed
~dynamiF pressurei!.m'

CH
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6.3.1.6.3.3 System Monitoring Functions

_Monitor and control systems status

(a)

_(b)"
(e)

(@)
. .’.. (e ) -
(£)

caution and warning

communications

electrical power

environmental control and life support

mechanical power

propulsion system _. ..

' 6.3.1.6.4 Inflight Refueling Phase

and
and
and
and
and
and

and

control

control

control

control
control
control

control

6.3.1.6.4.1 Control Functions
- - (1) Monitor
--(2) Monitor
- 'T(3) 'Monit9r1
(4 Monitor
- i_ "M(ﬁ) Monitor
- (6) Monitor
' Wk?) ‘Monitor
" N ®)
©)

attitude
attitude rates
attitude command
attitude errors
acceleration
thrust level

angulér dispiacement

(a)<wang1e‘of attack - ~mim e

Monitor and control ahgular rates _

Management and monitor autopilot modes

(a)
(b)

attitude‘hold

 VOR, GS, LOC hold

(c) heading hold

(d)

area navigation
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e e e

" elements

oo - (10)  Management and control attitude manual

mqée elemeﬁts  L
- (a) bank condition
(b) flight ﬁath angleAconditioh
(¢) rate condition
_(il) Monitor and control aefo‘sufface
position (indicator)

(12) Monitor and.control of-control énable,—
(a) rotationvﬁand controiléf-
- (b) rudder pedals
() speed brake . _
(d) ABES throttles
(e)A FDI referencén_ -----

(f) FDI select

6.3.1.6.4.2 Navigation and Guidance Functions

';(1) Monitor, control and analysis of IMU

acceleration i e e

~ (2) Monitor, control and analysis of IMU

. attitude . L

- (3) Monitor, control and analysis of DME

- (distance to tanker)

;(4) Monitor} contrblVéndranalysisﬁbf:VQR "

- (bearing to tanker)
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L df>cbmposite-déta andiprediction elements

‘(5) Monitor, control and analysis of baro.
ﬁitimeter | | |
(6) Monitor, control and analysis of
»teﬁperature sensor eleéent . :
(a) total temperature
- (75 Management, monitor and analysis of
trajectory elements v
o | (a) altitud_e~
(b) velocity
(&) heading
- (d) latitude and longitude
(é) flight path angle.
(8) Management, monitor, control and analysis
of targeting elements |
" (a) position coordinates
(b) time of rendezvous

~ (¢) rendezvous location

- -ieiem o e - (9)  Management, monitor, control and analysis

e e e e~ (@) - grOund track - - o s e e

‘ (10) Monitor, control and analysis of derived
data elements
-(a)_ altitude rate

(b)- angle of attack
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6.3.1.6.4.3

6.3.1.6.5

(c) angle of attack rate

(d) angle of bank

(e) ' percent L/D

(f) true airspéed

(g) ground speed

(h) dynamic pressure

Systems Monitoring Functions

-~ Monitor and control systems status

- (a)
(b)
(c)

(4

(e)
(£)

caution and warning

communications

electrical power

environmental control and life support

mechanical power

propulsion system

Descent and l.anding Phase

. 6.3.1.6.5.1

Control Functions

@

2)
o
(@)
(5)
(6
R

"Monitor
Monitor
"Monitor
Monitor
Monitor

Monitor

Monitor

and
and
and
and
and
and

and

control attitude
control attitude rate
control attitude Cbmmand
control attitude errors
control acceleratién
control thrust level

control angular displacement

(a) angle of sttack
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R - o (aj attack rate
| (9)FvManagement and honitér aﬁfopilot modes
(a) bank control
(b) attack control
() attltude hold
v .(d) VOR, GS, LOC hold
ToToT Tttt (@) heading hold’

(£) auto land

(10) Management, monitor and control attitude

manual mode
(a) banK condltlon
(b) - flight path angle control
"~ (¢)  nose wheel steering
(d) ‘rate condition
ﬂ(11}>VManagement, monitor and_control_éero
| surface position (indicator) ‘
(12) Monitor and control of control enable
-;elements B A B e : - -
(a) rotation hand contrbllef_
(b) rudder pedals
».(c).ﬁspééd brake -

(d) ABES throttles

R €:)) Management, monitor and control angular




} ‘

F.398-8-A

DATE 10/20/72 . THE SINGER COMPANY ) PAGE NO. §-87
S IMULATION PRODUCTS DIVISION !

REV. : - o : BINGHAMTON. NEW YORK o REP. NO.

Cmmome e eeeceee e - (@) FDI reference
_>.(f) FDI select
(13) Monitor and control chute deployment

6.3.1.6.5.2 Naviestion & Guidance Functions

(1) Fonitor, control and analysis of IMU
acceleration
(2) Monitor, control and analysis of IMU

attitude

oo " (3) Monitor, control and analysis of DME

tdiétaﬁcéﬂfo station’
~(4) Monitor, control and analysis of preciéion
.-:ﬁﬁﬁ {diétanéévto toﬁchdown) ‘_' - B
" (5) Monitor, control and analysis of baro.
. éifiﬁééer R o . |
| (6) Monitor, control and analysis of
. temperature sénsor element | | .
- (a) total témperature‘
R  (7) Monitor, control and anal&sis of radar

- éltiﬁetern(preéisiou altitude)

. WuWﬁw.uw¥A . < -w... . (8) Management, monitor and analysis of .

trajectory elements
(a) altitude
(b) veldcity

(¢) heading
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s —eems s - o= Q) Management, monitor, control and analysis'

~_of targeting elements

(a) position coordinates -
o - ﬂ(b) low kéykiocatioﬂ“ “
(10) Management, monitor, control and analysis
i ‘hof‘qombosiﬁé dété and prediction.elements

T s s Tt (g)  energy range

(b) altitude range

T F T e (C) azimath range

_ ... (11) Management, monitor, command and anélysis
77777 "of time-to-go element

_._ (a) _touchdown . _ _ . .. _ ... .

) T SR "7 777 (12) Monitor, control and analysis bf derived
.  data elements . . ..
T o I “(a) altitude rate = =
T @) angle of attack
T . S (¢) angle of attack rate
- e () .angle Of bank SR
o “m‘"wp'iupﬂkj"wwww_fmwwg;“~ - ”(ei'“perCentwL/D“;nun‘”-w“'"m"hﬁdwwu' -

F-398.8-A

e b (f)--total energy - — - oo

) 7 (g) true airspeed o
~ - - . . (h) ground speed e
”““—ﬁ ) (i) dynamic pressure .
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--6.3.1.6.5.3 Systems Monitoring Functions
) .A.Menitor and control_systems status
-—we ---.- - . (&) caution and wafning T
B :  (b) 'cpmmunications _;h_wm o
- -=----- -+ (¢) electrical power
) -fd) environmental control .and life subport'
- = (e) mechanical power | |
o ui(f) hropulsion syétem!r-. B
- 6.3.2 Mission Specialist Sy T
— A-:‘ N Limited refefehce dateﬂwereeQailabievﬂﬁkh weuid“
define the task responsibilities of the Mission Specialist as
Va“hehber of'fhewshuttie cre&. MDeterminatieh of the taske per-
formed by the Mission Spec1alist are based on data contained
i tih e‘cenc1se job descrlptlon (Reference 181) and a telephone
" interview (Reference No. 253).
__162 i59 . The Mission Specialist.étatiohAis\ieeeted ih-the eft
p 3-

- section of the upper crew deck He is prov1ded with a panel

_wiwhich will permit the necessary interfacing between the payload

F-398-8-A ‘: i

aha“fhewbrbiféfmbﬁ:boefd"SyStem§I_wThemﬁéheI”aléé'coﬁtainé“‘"

the necessary controls for providing payload data to ground
centrol. hA computer moniter is provided at the‘shaeioh for
- determining the status of the payload.. Depending upon the
" payload being carried, provisions are made on the mission

specialist panel for installaﬁion of payload unique panels.
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p. 3

 ensure that the status of the payload conforms to mission

"ground control

required “of the'payioad during the various phases of the

‘perfdrm'the duties associated with payload_interfacé during

'”The’following is a list of responsibilities assigned
to fhe‘Mission Specialist: | N
" (1) Provide the necessary interface between the
péyload»and orbiter operations.
" (2) Provide the necessary communications configuration

‘to ‘transmit data from the Payload/Payload Specialist to

~(3) Perform EVA and IVA
' "(4) Provide back-up to the Commander/Pilot for.
operation of the RMS

(5) Perform experimental operations

. (6) Perform malfunction correction

6.3.2.1 Pavload Interface
The tasks associated with payload interface wilil
require the Mission Specialist to monitor and control the out-

put of the various orbiter systems to provide the environment
mission. - Based on the payload,-the MissionlSpecialist will
be allocated a given amount of consumables (e.g., power).
He will be required to manage the use of the consumables to

objectives. The Mission Specialist would be required to

the following phases of the mission:
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(1) Ascent

M(2) Rendézvous
':(3) Orbit
A(A) Payload_bperations
T ~ 7 (5) Return
o | - (6) Abort.

6.3.2.2 Pavload Communications

>The Mission Specialist wiil be required tolperform
" “tasks which will permit the transfer of payload data from the
| Qrbiter‘to ground control. In performing these taské, the
- Mission Specialist will be required to select, control and
monigor fﬁe appropriate éommunication configuratibn wﬁich will
permit the transmission of data elgmengs from the payload or
‘Payload Specialist to the ground for monitoring; or té
receive instructions éoncerning bayload status. These duties
would be performed during the following mission phases:
Qf’(l) Ascent
(2) Rendezvous
o "(3) orbit
(4) Payload operations i I
- (5) Return |
- 6.3.2.3 EVA/IVA
221 » | Priméry reéponsibility for all EVA and iVA-are

p.5~34
vested in the Mission Specialist. Several Space Station
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F.398-8-A

- subsystems have unscheduled maintenance requirements that will
requiie‘EVA operational suppbrt fbr their accomplishment. The
subsystems requiring EVA support for unscheduled maintenance
~are as _folléws:
ISS ‘ Replace parabolic entenna
 drive aésembly

Replace antenna power amplifier

l_ RCS _; w_“, :_ Reﬁlace cyro tanks,;
) ‘Structure -  Repair or replace meteoroid
U shielding .
ECLSS o o Replace radiator section

_Items requiring IVA support are as follows'
Fire ' Post-fire repair
Exflosion - .fOSt-egplbsion‘maintenance
' Depressurization Structural repair
The Mission Specialis; would be requiréd to perform
"duties pertaining to EVA and IVA during the orbit and payload
S operatlon phases of the mission. ,w.-~fnw;m;—- ~5-._~ 

i . 1

6 3.2. 4 w ‘
- 255 . >..._. - ... - e e .

-p.3 -+ ~-------—The Mission Spec1alist is designated as back-up to
 the Commander/Pilot for operation of the RMS. In order to
accomplish these tasks, he must be proficient in the operation

of the RMS. The tasks associated with RMS operation are out-

lined under Commander/Pilot Task Requirements (Reference
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166
p 3-115

. para. 6.3.1.4.4.4). The Mission Specialist would be performing

these tasks during the payload operation phasé of the mission.

6.3.2.5 Experiment Operations

On some missions, the Mission Specialist will be

required to perform experiment operaticns. It is anticipated

‘that 'the "Mission Specialist will be assigned these tasks on

those missions where a Payload Specialist is not a member of
the crew, or to assist the Payload Specialist in performing

an experiment. ~ The tasks required of the Mission Specialist

“whén performing this role would be dependent upon the type

of equipment being carried in the cargo bay and the associated
mission objectives. Duties associated with experiment

operations would be performed during the orbit and payload

~operation phases of the mission.

6.3.2.6 Malfunction Correction

Systems management provisions include on-board
functions required to determine vehicle status, configuration,

performance and operational readiness. .These provisions in-

" clude caution and warning,'performance monitoring and inflight

. data recording for ground analysis. Although some systems

contain provisions for automatic switching of redundant

elements or for automatically safing failed elements, most

redundancy management is accomplished manually based on data

made available to the crew through the performance monitoring
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. system and dedicated cockpit displays. While the caution
and warning system anmunciates conditions requiring immediate
~attention (gross failures), the pérformance and monitoring
system detects less urgent off-nominal conditions. The
- performance wonitoring system also monitors lower criticality
data, particularly in nonavionic subsyétems where an out-of-
tolerance condition does not necessarily indicate a failu:e,
only a’need for adjustment{ The Mission Specialist, at the
-~ --direction of the Commander, is required to perform the
necessary}fault correction. He may be directed to perform
- - these duties during all phases of the mission.

?6.3.3 -Paﬁload Speéialist

"V‘The Payload Specialist is~required to have a detailed
”knowledge of the equiﬁmeht being cérfied in the cargo bay;
This includes:

(1) Payload instruments
(2) Operation of the equipment
(3) kkequirements and objectives t6 be éccomplished
T () Operation of on-board support equipment associated
»l with-fﬁe.cérgoA t B . o | | | -
et The background and éxperience of the Payload Specialist

in turn, must be specific in nature, e.g., Astronomer,

Chemist, Electrical Engineer, and is oriented toward the

nature of the payload being carried on a specific missicn.

-
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“- 7" While the Payload Specialist can be considered a crew
pdéitién title, the associated duties encompasses a multitude
B of disciplines. As a result, one mission may require a Paylo
Speciaiist who 1s a>Geologist; another, a Péyload Specialist
who is an expert in meteorology. The tasks requiréd of this
crew ﬁositioﬁ would be dependent upon the type of equipment
'beiné carried in the cargo bay on a givén mission. Similarly
_rthe number of Payload Specialists assigned to a mission could
vary from none to more than one again depending ﬁpon thée carg
o Because of the diversity of skills required of the
Payload Specialist, the crew position is unique since it woul

. require a crew member who is trained for a specific type

"~ mission. In addition, the specialty would include members fid&"aif'

disciplines required to accomplish the objectives of the
Space Shuttle Program.  Payload Specialist training would
- tend to be by discipline. Only general training- e.g., space

 shuttle overview, shuttle habitability, environmental acclima

S- - - tion - could be taught collectively. Specific tasks require-

ments for this crew position cannot be determined until more
-+ - ——--detailed data are avallable on the types of missions which

 will be flown in the Sbace Shuttle Progfam.vﬁ

6.4 - Work Station Intra-Relationship

181 ”i - Coordination of actions within a érew is>df prime
p1l |

ad

3

O.

d

importance to ensure the optimum degree of mission success and

— .
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~~;~4~-~"~~aifcra£§;fﬁﬁété*the proficiency level of the second Pilot is

safety during all phases of operation. "This coordination
4'-ltA'i§“nsﬁ necéssarily limited to actions aione. ‘Complete
familiarity with one's crew position, the responsibilities
| :thereof; aﬁd é working knowledge of the-other crew members'
duties contributes immeasurably toward crew coordination. Each
- crew member must be constantly on the alert for any deviation
- or discrepancy which may affect the successful accomplishment
. of the mission, and notify the responsible crew member,
~ Liaison between individuals concerned must be. established
prior to initiating any action or procedure which will alter
"~ the vehicle configuration or require correlaéion of activities
...~ between crew members.
Since the shuttle vehicle design is based upon a two-
pilot flight crew, operating procedures are to be shared by the
‘_Commandef‘and Pilot similar to conventional ﬁwo-bilot aircraft,
e ‘Sharing of these tasks would requireva high degree of coordi-
—: nation between thése two crew members. iUnlike conventional
n;fﬁsuéllyAnot as high as the Commanqér;_in éhu;tle vehicle
== - -~ ——operation both Pilots would be equally proficient.
In addition to ‘those tasks required for vehicle operation
the Commander/Pilot operates the RMS during payload handling
‘operations. In this phase of the missioﬁ, coordination is

required among the Pilot, RMS Operator, and Mission Specialist
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- that the Mission Specialist would also perform duties comparable
“:”ﬁg guflight‘éngineerjon>éonventional-typéméifcféff;“the.'

---Mission Specialist would coordinate systems operations with

The Pilot would be responsible for'keeping the vehicle within
aAsﬁatién-keeping envelope so that the}RMS Operator could per-
form the required task. In order to keep the vehicle within
the station-keeping envelope, the Pilot would require informa-
tion on the relative position of the target and manipulator
arm(g). The Miséion Specialist would be required to prepare
the payload for independent functioning prior fo deployment
or to place the payload into an appropriate environment
on retrieval. T

The MissiogASpecialist is ;esponsi£lé for<the~in£erfaéeh
between the payload and orbiter operations. 'Payload caution
and warning data are the only information pégvided at the
Commander /Pilot Station. As a result, the Mission Specialist
would be required to keep the Commander appraised of the pay-
load status. Where orbiter systems are required to support

- the payload, the Mission Specialist would coordinate the

required action with the Commander. Based upon the assumption

the Commander. In the event of a system malfunction, he,
together with the Commander, would analyze the problems and

fake the'requireduéction.>

i
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166 The Payload Specialist is required to have a detailed
b.3-156 - '

_knowledge of the equipment being carried in the cargo bay. To
"assist in the evaluation of the payload equipment status,
payload unique panels are installed at this station. These
- panels prezent the conly source of intelligence on the status

of the payload. ’The;Pabead‘Specialist would provide inputs
“to the Commander on equipment status and advise him of required
A»actioa, Since the Mission Specialist is responsible for the
interface between the payload end orbiter subsystems, close
coordinaticn would be required between the Payload and

Mission Specialists. These two, in turn, would coordinate

their actions with the Commander.
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<7;0 ' Crew Station -

-7.1 . Physical Environment - -~ - - -

The physical environment of the Simulator Crew Station must
faithfully simulate tbat of the actual vehicle in all respects percep-
tible to the crew members during the performance of their duties. This
includes, among other things, size, lighting, color, texture, controls,

A‘olaeards, temperature and mobility orouisions.

*'Ideally, utilization of actual vehicle equipment would satisfy -

this requirement completely but this would be prohibitive for several

reasons:

_ a) AAvailability and cost

CT o b) Structurally not necessarily adaptable to simulator

) requirements, i e,
P 1) Attachment to motion base
2) No provision for support of Visual System

3) Actual structure not able to be sectionalized for

Part Task Tralning Modules. A_,A v -_' o "‘”;_. ,:r..‘im o

o c) Exterior not compatible with exterior requirements for

-sinuietor (L.e., exceeds dimensions necessary for simulation)
~’3d) Alrborne equipment not necessarily compatible with ‘ j'
synthetically activated equipment.
~ e) Some airborne equipment not adequate for repetitive failures

- Thus a study is necessary to evaluate and identify those actual

components‘whieh could economicaily be utilized, end define those
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.which must be completely.simulated and those which could be simulated

in appearance only.

_ No crew functioné are perfofﬁéd on'tﬁe lower deck bfhef thani
those associated with life support and as suchAsimulation of it will
not be reqﬁired exéept for a separate part task mock-up. Motion con-
siderations also preclude incorporation -of the lower deck into the

. active SMS crew station configurétion. | - |

' :The Shuttle Crew Station on the upper deck at the time of this

- report is in a state of flux. The best concept available is doéﬁmeﬁted

‘by'reference 135. A horizontal and vertical cross-secfion of the cabin
is shown in Figures 7-1 and 7-2 respectively.

‘ 7.1.1>  Work Station Consoles

7.1.1;1 Requirements

The cdnfigdration of all Work Stationlcbnsoles must duplicate
-the actual equipment as perceptible to the crew. Actual construction.
techniques and portiﬁns not visible to the crew may depagt from actual
Vehicle construction.

jw;TheiOrbiter is
: ; ! !

R S T . , L o

B currently cpnfigﬁred_to_ha&e fygé_Wo:k‘Stations

o - i}:rd;mhandegs Fliéht_scagion: -
é. Pilot's Flight.Station |
3. Orbit Station (formerly fhe Payloéd Handling Station)

" 4. Mission Monitoring Station - 7

5. Payload Monitoring Station
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“7.1.1.4  Data Reference o e

B _;ihg shape and location of these stations are denoted in Figure
7-1. A sixtﬁ station for photographic purposes may éxiggvbut sufficient
@ata is nbf available preseptly to define Qhethet ;his exists or not.
7.1.1.2 Rationale

The syﬁthesized equipment mayirequire more space or different

.access .than .actual- equipment. The actual Vehicle consoles may be an
integral pért of theIVehiclelstructuré whereas ease of fébricétion,

"maintenance and assembly ﬁay justify an alternate approach for the simu-

~lator components.

~7.1.1.3 ~ Assumptions

~ Not applicablé.

135 - Preliminary Control and Display Panel Sketch .
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7.1.2 Controls and Displays

7.1.2.1 Requirements
. All controls must feflectﬂthe éhyéicélrappéarance and dynamic
characteristics of the actual Vehicle controlé, including travel)force;
hysterisis; damping and response for normal aﬁd faiied modes of operatio
«Similarly, the.Displays must reflect the same detail,brightness and scop
of that iﬂ the actual vehicle. ) | o o
The current coﬁfiguration of panels for each work station is
--shown in Table 7-1. Reproducible drawings of these panels are not
~currently available but they are contained in reference 135.
- 7.1.2.2 Rationale
»  All féatures must individually and éé?}égﬁ%vély.reproduce'the
- real-world environment of the actual Vehicle to producé the psychologica

‘effect of realism during the éraining program and develop proficiency

in the actuation of controls. - - - - e e

_7.1.2.3' Assumptions
None.

7.142.4 Data Reference

F.398-8-A .
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- Table 7.1
: : Station
_ Item _ , - Mission
No. Item Name Flight Monitor Orbit
Ll Left Console-AFT Panel X
L2 Left Console-FWD Panel X
L3 Main Instrum. Panel X
L4 " “Glare "Shield Panel X
- L5 Ctr Pedestal-FWD Panel - - - - X - - -
. L6 CTR Pedestal-AFT Panel . X
L7 Right Console-FWD Panel - X
L8 Right Console-AFT Panel X
- L9 - -Hand Controller-Rot.(2) - X - -
. L10 .Hand Controller-Transl.(2) . X
L11 Parking Brake Control . X
L12 O'HD Panel-FWD X
L13 O'HD Panel-AFT-L.H. -X -
‘L14 "O'HD Panel-AFT-CTR X
L15 O'HD Panel-AFT-R.H. X
L16 _O'HD Panel-Wing-L.H. X ’ )
- L17 =~ - O'HD Panel-Wing-R.H. X - -
L18 ‘Circ.Brkr Panel-L.H.Upper X
L19 Cir - . Panel-L.H.Lower X
L20 Communications Panel X
L21 Performance Monitor, Panel X
L22 Circ.Brkr Panel-R.H.Upper - X
- L23 Temp.Ctl Panel X
L24 Fire Detector Panel X
L25 Circ.Brkr Panel-R.H.Lower X -
L26 Payload Environ.Ctl Panel X )
L27 Recorder Panel ' X
"L28 " Payload Circ.Brkr Panel ” TX )
- L29 - CRT Panel - X
L30 _Tape Control Panel . . . X N
""" L31 7 Orbit Sta.-Upper L.H.Panel R X
L32 Orbit Sta.-Upper R.H.Panel X
L33 Orbit Sta.-Lower L.H. Panel X
L34 Orbit Sta.-Lower R.H. Panel X
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7.1.3 Interior Equipment

~7.1.3.1 Requirements
| All interior equipment iﬁcluding hand holds, lighting»fixtures
stowage compartments, linings, decals, etc., shall duplicate that 6f the
Vehicle in all respeﬁts perceptible to the crew. .No data is currently
'availéﬁle’on the Orbiter's interior equipment
-7.1.3.2 Rationale | |
Tdhstimulate the sehsatioﬁ of realism»of a mission and to
acquaint the crewmen with equibment'location.

2.1.3.3 Assumptions

~ None. -

‘7;1.3.4_" Data_Référéhce

None . . . B C . - R - oo

-
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7.1.4 Lighting
7.1.4.1 Requirements

S 7.1.4.2

~All lighting fixtures and contreis shall duplicate the actual
Vehicle in detail, location and intensity. Likely these will be actual
Vehicle cemponents. |
In addition it shall be possible to adjust the light intensity
‘ﬁe'oetiﬁiee'the Visual'Display. Also, emefgency lights will be fequired
for safety in the event of Simulator Power failure. No data is currentl
) avallable on the Orbiter s lnterior 11ght1ng | | | |
" Rationale
- To promote familiarization'ef earious lightiﬁg combinations
’and controls, also to reduce to ambient below real-world intensity to
. enhance the realism of the v1sua1 display scene and eliminate unwanted

reflections and glare.

- 7.1.4.3  Assumptions U
None. R ' ' : g
-7.1.4.4 Reference S e e
-_ None. - )

y
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7.1.5 Heating/Air Conditioning

7.1.5.1 _Requirements g " ‘ -

| The heating/air conditioning capability-ef the SMS shonld be -
capable of producing an ambient env1ronment similar to that prevailing
in the actual Vehicle 1nsofar as it provxdes a cue of malfunction or
reflects mode of flight of the crewman. Rate of change of environment
shall not duplicate spaeecraft conditions.A The Heating/Air Conditioning

' systems shall be capable of producxng an ambient of 65°F to 85°F in

response to control settings by the crew member or Instructor override
Vehicle Controls. | |
'No data is currently available to define the detailed
Orbiter's requirements.
A.The possibility of suit syetem simulation may exiét, however,
due to the vehicle requirements for shirt sleeve environment this is a
remote possibility.
7.1.5.2 Rationale
The sp&gecraft is designed for shirt sleeveﬂenvironment'nnt
.'ingspace the Vehicle has the capability of infinitely rapid, and
hazardous, change. Thus the cost qf simulation;wouldﬂbe.prqhibitive
and the treining value of such simulation negligible. " A commercially
'aveilable air conditioner sized to offset the heat generated by instru-;i
ments, lights, crew load and visual load shall be deemed edequate with
.switching logic to permit simulation of cues which could be encountered

under various Mission Modes.
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7_.1.5.3 | Assumptions
A ‘No extremes of ambient are necessary.
7154 Refereﬁce |
" None.
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7.1.6.2 Rationale

_ perhaps even negatlve, tralnlng value.

..7.1.6 Ingress/Egress

7.1.6.1 Requ1rements

Ingress/Egress conditions in the 81mu1ator shall be represen--

tative of those enconntered in the Vehicle for both Normal and Emergency

Conditions except for those hatches, employed under zero-g conditions,

~between ‘the upper -and lower -deck. -All -hand-holds, steps and latching

. devices shall be simulated.

Entry for Part Task training may be excluded from this require

.-ment.- and tailored to adapt to the individual modules. . ... .. ... ...

No data is curently available in sufficient detail to define

- the Orbiter's Ingress/Egress detailed requirements.

Ingress/Egress of normal Launch, Emergency Escape and Post
Landing“are snffiéientlymtiné-reiated.tb training'to impart realism and
require preficiency in execution. SE——

>jIngréss/Egréss and mbbility-duringrnart?task rraining under

~''zero-g'" conditibas cannot be remotely simulated and thus serve no, or

T "“*“Ingress w1th the Vehicle x-axis vertical will requ1re suffl-

wc1ent dexterlty, strength and lmpact on reallsm to warrant inc1u31on

1
' !

as the count down, readiness check and prefllght preparatlon are per-

~ formed with the crew seated on wall-mounted seats, facxng the‘celllng.

7.1.6.3 ° Assumptions

None.
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' 7.1.6.4 Data Reference B
{164 - N.A.R. Version #13 Layouts
#135 - C&D Layout
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|--the response characteristics of the human visual system are relevant.

8.0 Visual Cues
8.1 The Human Visual System - Some Observations

8.1.1 Introduction

| The purpose of the visual portion of the overall study»is to
define the requirements for a_visual system which will be utilized in a
full mission simulator for effectiue crew training in the various

“Shuttle “Missions. "%nrbralby,“thedShuttle-Vehicle-and Mission Report de-

fines the potential visual scenes based on the Shuttle's cockpit configu

ration and performance capabilities during the various missions. Hence,

- " The human visual system is sensitive to radiant energy from
about 380 to 740 nanometers in wavelength. Light;is defined (1)"as
rediant energy evaluated according to its capacity to produce visual
sensation! To see an object, light of suitable quality and intensity
from\the:object-must‘form an image of adequate size, contrast, and
duration on the retina for the retina to‘transform the light energy
into nerve energy, and. the nerve impulses must be conducted to the brain
and integrated into consciousness . S SRR
Light enters the eye through the corneaiand is-imaged on a layer

called the retina in the back.of the eye, so that different parts of the
| retina receive light from different parts of the visual field outside.
. The retina is not absolutely uniform: therekis a place, a spot, in the;

center of our field of view which we use when we are trying to see things

very carefully, ‘and at which we have the greatest acuity of vision; it

is called the fovea or macula. The off-axis v1ew1ng, as we can
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active with vision, education and past experience. It varies with the

.condition of the individual and the entities must be statistical

 of visgal objects the foilowingvdefinitions are used:

- given in the instructions (as in the case ?Teil me if 'you see light").

- stimulus (e.g., "I see a light"). In such a case'the instructions (e.g.

”for dlfferent objects. The obJects are identlfied by name, and the

" zing of appropriate color terms (3).

immediately appreciate from our experience in looking at things, are not
as effective for seeing detail as is the foveal vision. There is also
a spot in the retina where the nerves carrying all the information run-
out; that is, a blind spot. There is no sensitive part of the retina
here (2). | |

«Geedng 1s @ -perceptual process that is affected by and incor-

porates other sensations, emotions,association mechanisms simultaneously

probabilities of seéing rather than absolute values (1). During the

tests to determine the statistical responses of subjects in the presence

4

1) detection implies a positive response (''yes") on the part

of the subject to a stimulus presentation the name of which has been
A variation of this-ptocedure may require that the subject name the

"Tell me what you see') do not involve the name of the object (3).

- © 2) recognition (and identification) involve naming responses

names are tabulated as elther "correct" or "incorrect" (3)

3) judgements also involve naming, for example, in the verbali-

-
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--(azimuth) and vertical (elevation) angles over which the visual scene

F.398.8-A

8.1.2  Visual System Simulation Parameters

Performance parameters as they relate to the human visual system
functioning~are discus;ed.in the foilowing pafaéraﬁhs. »Theée'paramEters,
represent those areas to which specifibation and numerical values can
be assigned in order to provide a basis for an objective evaiuation of a
“device~whose -acceptability -is -predomimwantly subjective.

8.1.2.1 Field of View

A The field of view of a visual system refers to the horizontal

s dispiayed; Normally, it is measured from a nominal position and

direction and should encompass the total space within which pertinent

:Vvisualtcueé may be contained (4).' )

-- The average monocular visual field (Figure 8.1-1) for the

-Hfighf éye}is:'
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‘At the center of the chart is the fovea. The head and eyes are

motionless. The nasal field is to the left, and the temporal field to

the right of the chart. Visual fields are mapped with a two-degree
achromatic circular Target with a luminance of about mililamberts (5).
The binocular visual field of view (Fig. 8.1-2) with head and

eyes fixed is:

. .Figure 8.1-2 ¢

The central white portion represents the region seen by both eyes. The
gray portions, right and left, represent the regions seen by the right

and left eyes, respectively. The cut-off by the brows, cheeks, and nosg

——— . oA -t —t Pt oemanage o =
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.ie shown by the black area (5).

Primarily, the lack of the binocular cue, i:e., stereoscopic
vision; wes a significant.factor in contributing to probe contact
failure during Martin-Marietta's simulation of the remote manipulator

| svstem of the Shuttle. 1In particular, the use of mono-TV viewing and
““the resultarnt “lack "of "‘depth perception resulted in a persistent problem
~in the ooerator;s ability to.judge probe - target oistance. The general
‘opinion'of operetors was that the mono-TV was ''adequate’ and could be

_successfully used for the simulated task, but that TV with depth percept

| would be a definite 1mprovement (Shuttle Reference #22, pg.VI-43).

However, thlS statement has not been supported by performance data.
Stereoscoplc vision occurs, when a subject regards an obJect in space,
Tthe retinal rmage 1nAthe rlght eyerls dlfferent trom the retina image
in the left eye. The dlfference in retlnal images serves as the basis
 for many spatial discrimentations. Another blnocularrcue,“r e., |

convergence is not of concern since convergence cues cannot be

- differentially effective for obJects at distances greater than several

i yardehand the length of the remote manipulator system is fifty (50) feet|

" (3). In summary, the monocular cues for depth'perception'(B) were not

sufficient in reducing the number of probe contact failures in Martin-

Marietta simulation tests.

8.1.2.2 Brightness

Luminous flux is the time rate of the flow of light and

indicates the’intensity of a source. The unit of flux is the lumen.

10
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- Illuminance can be defined as the luminous flux incident (falling) upon
"a surface. A typ1ca1 unit is the footcandle. The equation for

lllumlnance is:

i}

E = where E illuminance in footcandles

> |

F = incident fluxlin lumens
- A = area of the illuminated surfacé in -
- square feét

Luminance is the bfightness of an illuminated surface. 1f all of the
'-iiiuminance falling on a perféctly diffusing surface were reradiated
by the surface, then the luminance would numerically equal the
illuminance.A But, since this doeSn't'happen, we must take into account |
the reflection factor of the surface which is the ratio:

reflected light
incident light

Thus, we can staée that luminance = illuminance x reflection factor.
A typical unit of luminance is footlambert when the unit for illuminance
is footcandle. (Note: one lambert is equél to one Lumen/square

" centimeter or one lambert = 929 footlémbérts)(6){”“ A

i

= ---,-' -Table 8.1-1 illustrates the enormous range'ofrluminances~~
'L_encountered by man on earth and in space. The values glven are appro- N
ximate and generally represent limits as lndlcated by the notes. The

.units are millilamberts (5).
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. Luminance
. N in mL Object Notes
i 1e1e? . . ‘ :
! T 1xi108 Sun Viewed from outside earth's atmosphere
i . - -
i " < -
. “ . 1 44X 108 Sun Viewed {rom the earth
; s .-
a0 —  gx10? A-Bomb Fireball 4+ miles from point of detona-
= tion of an 800 KT weapon.
S S
! ?
1210 B .
. 3
ta10? }-
L
F
tate® f- .- R
- .
[ i.s8 x10* Venus Assume albedo (r) of 0.59 viewed from
1 Qutside atmosphere
. 9.4 X‘.Gs Earth Viewed [rom spzve with<loud qover{r=0.8)
“1s1D - 6.4 X 103 Mercury Viewed from outside atmospherelr:=0.069
4.3 X10 Earth Viewed in January (rom outside atmos-
- - o phere, no clouds (r s 0.3 .
L 29X 1_03 Jupiter . Viewed [rom outsitde atmosphere {rs0.56) - PR - -
| 2x103 3 Sky Average sky on clear day -
) - L2X10 Moon Full moon viewea {rom outside of
1= 10: — S 2 . atmosphere {r + 0.073)
- 9.6 X 10 Saturn Viewed from outside aunosphere {r £0.63)
- 9 X \Oé Mars Viewed from outside atmosphere (r=0.15)
— [ 8Xx10 Moon Full moon viewed from earth
- 5 X102 ,' Sky Averaze sky on cloudy day
A 8 2.4 % ;0° Uranus Viewed from outside the eartn{r + 0.63)
1 107 b X 102 Neptune Viewed from outside atmospnere{rs0.73)
F 2x 0l White paper in good
4 1 reading lazht
4 1.6 X 10 Movie screeniingoors)
1210 = 1 xio0! TV screen
- E‘ 7 X10 Pluto Viewed from outside the atmosphere
s
s -
12100 +— sx10°! Snow inlight of fuil maon
: o
. -f
1210 P
r 2 . . .
b 2X10° Lower limit fur useful
i .2 color vision
H - ‘Y210 b .3 . . ..
7.% 10 Earth Viewed from outside atmosphere with
E - tull moon Vo
3 - . .-
cee Ll S > 1x10°3 Upper limit for night vision
1 N o
: Ao - -
T P g
10 - -
: A .
- g "
i
' i - T - S o : o
~ - Ix l0‘5A Earth | Viewed {rom outside atmosphere at ° :
d - " night with airglow, starlight, and -
{ . ‘ - : zodiacal light providing illumination :
- e i 1X10 ° - Absolute threshoid fordark :
! . A : adapted human eve, lower
. limit for night vision .o
e Sky Moaonless night sky viewed from earth
i 4 - )
Space background Background luminance {ormed by star-

light. z0diacal and galactic light.

Table = 8.1-1

However, the human visual system is very poor at making

absolute judgements of brightﬁess;'for example, the illusion of looking
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~directly at the sun can be achieved with 15 or 20 feot-lemberts after
- suitable dark adaptation (4), and changes ef luminance.in a ratio of
10 to 1 or even 100 to 1 are scarcely noticed if the change is not
sudden (7). ’
.8.1.2.3 _fCohttast
Contrast is defined (4) as the difference in luminance
_-hetﬁeen an object and its eurround divided by the‘luminance of the
surround, i.e.;

C=1o - Ig

Modulatien is defined as (8):
M=1I,-1Ig
I, + Ig
”figures 8;1-3 and-8.1;4 shows the sighting range (distance in feet) of
circular targets viewed against the sky with background luminance 1000
millilamberts (fuli daylight) and 0.0001 hiliilamberts-(starlight)
'reSpectlvely at probablllty of detection of 95%. These flgures were
selected because they are typlcal of the Shuttle crew environment.
‘Meteoroliglcal range is the distance at whlch apparent contrast is
reduced by atmospheric se;tter te“éiAof inherent c;htraet between the
obJect and sky The follow1ng is an example of the use of the
nomogram. Flnd the ¥ange that an object 100 sq. ft. in area could be

seen in starlight when the meteoroligical range is 150,000 ft. and the

contrast of the object and sky is 0.8. A straight line across meets
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the given range and contrast. The range is read off where the line

’intersects the 100 sq. ft. curve. Under these conditions a 100 sq. ft.

. that the discussion of resolution would be in a coherent manner.

" Resolution of the human visual system means the smallest space it can

-tem is the function of many variables such as illumination, contrast,
 shape and duration of a stimili (see Figure 8.1-5). For this test, the
. target used was a bright bar in a Landolt-ring placed in an array of

complete circles. The actual target was, therefore, a single narrow

" hues and the unselective pigments that yield black, gray, and white ;b

‘_In.this sense of the term, the color of a thing helps to specify the

target will be sighted with a probability of detection of 95%vat
1200 ft. (5).

8.1.2.4 Resolution

One of the reasons for dlSCUSSlng brightness and contrast is

detect between the parts of a target consisting of alternate black and

white equally spaced bars The resolv1ng power of the human visual sys-

bright line (8). .- T,

8.1.2.5 Color

- A general definition of color is the pigmentation of substances

inwthe enVirénment. This includes both the selective pigments that yieyd

material substance of it - that is, what the object is composed of.
Hence the ability to discriminate colors is part of the more ‘general

ability to discriminate substances as discussed previously.
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A color
chromatic targets
'daék and in light
their applicetion

of the sky during

. mated to occur at

However, pictures

| blue, sharply but

discussion could include moﬁégqlar.field of view for
(5) and the spectral seﬁsitivity of the eye in the |
(2), however, these diééussions afé not relevant»in.
to the Shuttle program. Rather the color transition

launch and entry, the color content of the earth sur-

face -observed 4n oxrbit, .horizen .detail, .and the various lights (for

examﬁle runway, péylbad4éndﬁothér:airgréf#).

The color transitioﬁ iﬁitiation'from blue to black is esti-
7100,000 ft; and terminate'at,ZO0,0bO éﬁ.,,The éolor
'conﬁent of the earth varies since for such observatiohs'the atmosphere

_presents itself as a formidable source of masking and interference (10).

taken in orbit, for example NASA Advanced Technology

. Satellite III, should be made available and reviewed. With respect to.
horizon detail, Simons reported three horizons at 102,000 ft.:...."a
true horizon where the sky ﬁeets the rim of the éarth..;the héfizon
formed by the interface between the tbps of cloud layers and the sky...

- and the dusty haziness in the white layer right above the horizom...."
(11). ;ﬁg also.bbserved at 102,000 ft. the lack of readily noticeable

- sky above, the complexity of the sky at different ti&eé.of ﬁhe day,

:;;he‘éérqfal displéy? the?pontw}pkii@g starslaqd:;hé "halo zone' a few

degrees immediately below the horizon - addiﬁinnal faint dim bands 6f

faintly edged against the sky,‘well abd?e the haze

layer of the earth's atmosphere (11). The color of the various lights

encountered by the crew during the Shuttle missions are discussed in
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the subsequent sections by phase.

8.1.2.6 References

1)

2)

g

4)

- 5)

6)

. 7)'

T
1

9)

10)

,Lectures On Physics - Richard P. Feynman, Robert B
'",Company, Inc. 1964
- John Wiley and Sons, Inc. 1965

~~Training Research Simulation System - Technical Report .

' NASA SP-3006 1964

Kodak Tech Bits - Eastman Kodak Company'1965 I

- Spectral Response of The Eye - George A. Leavitt -

~r :8),_.

‘ iDonald C. Winter - Electro thical Desxgn August 1971
~ James J. Gibson - Houghton Mifflin Company 1966

~ Atmosphere - H. W. Yates - Applied Optics September 1970

Military Standardization Handbook Optical Design‘~

Department of Defense - MIL-HDBK-141

_Leighton, and Matthew Sands - Addison Wesley Publishing
Vision and Visnal»?erception - Clarence'H. Qraham editor-
Study to Determine Requirements Eer_Undergraqnate Pilot

AFHRL TR- 68 11 July 1969

Biostronautics Data Book -~ Paul Webb M.D. editor -

How to Understand and Use Photometric Quantities -

Optical Spectra September 1971 ; :'i ——

i i ‘
P
i

Matching An Image Dlsplay to a Human Observer -

The Senses Considered As Perceptual Systems -

A General Discussion of Remote Sensing ef The
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| REF. 8.2 Windows
KEY
' 8.2.1  Description
| The primary-flight‘(forwerd) station‘andrthe payload
164 handling station (orbit-station) contain windows providing an
| external view.
‘The -primary flight (forward) -station is organized in a
166 typical piiot/copiiot relationship with sufficient duplication
Pe- 3715 of displays and controls to permit the vehicle to be pilotedp.
- from either seat and permit one-man emergency returo. This
36 ) arrangement results in a cockpit fairly similar to that of
pg.4-194 ' :
- 166 a standard transport aircraft. There exists six windows in
. pg.3-148 o A A o _
' the pilot/copilot statiop. Eech window coptains(a three-pane
;2?3-37 redundant system where the middle crew.cabin pane (fused
o 5111ca for thermal protection) is also sealed to contaln cabln
- pressure.  Rain, fog, and frost removal is required for these
166 windows. The liquid spray, rain-remoyal'system, as implemented
‘Pg.3 29- on the B-1, as well as the aicohol spray are candidates for
_/raih and frost removai.- The prelaonoh GNZ-(i}e;, gaseousr
”:‘oitrogens purge'Of the’inoer-cavities-prevehts~fogging during
W__,Qpﬂboost, and entry 1nduced temperatures 51m11ar1y preclude_
.'fogglng A GNZ purge will prevent the 1nterpane fogging |
166; 47 during horlzontal flight tests and ferry Operatlons. Also
Pg .o~

shades are prov1ded for llght and radiant heat control in

boost, entry and orb1ta1 fllght
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164 - . The payload handling specialist occupies the payload
and ' , :
" 36 handling station (aft-facing station) in a semi-standing
pg.4-378 : - - :

_ position; it has a one piece upward facing and rear-facing
- window to permit a wide range of vision aft, downward into the
. cargo bay and upward (-Zg direction), including some forward
-vision.
166 : . . Each crew station external window may serve as a
pg.3-147 '
photographic station to assure coverage of various orbital

operational tasks. Mounts and alignment aids maybe réquired to

‘assure camera support and optical alignment dictate.

8.2.2. Field of View

'! 8.2.2.1 TForward Windows

180 . Figure 8.2-1 illustrates the pilot visibility through

pg .2 , A _ :
the three windows left of the centerline. The copilot visibi-

lity thrbugh the three windows right of the centerline is the
:‘mirror_image of Figﬁre 8.2-1. The field of»view from either
of the *wo viewing positions through all six windows has not

:”been determined. The total hdrizontal;fieia:pf:§iewﬂis esti-

166 ~ - mated to be approximately 200°. When the vehicle is at rest
pg.3-31 o . - . - Ce
____on the runway the XB.?K?§-}§.??.151,be}°w,?he_h921299?311”_,mm

166 ' Crew seats and restraints accommodate a combination

of spacecraft and aircraft functions with provisions for

A adjustment and positioning to satisfy launch through landing

_ conditions. Also the flight crew seats have additional
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edjustments to provide the reouired visibility;‘reach, and
- ‘mobility necessary to pilot the vehicle. The excursions of
o '._utheee eeat movements have not been determined,itherefore,.a
"viewing point envelope for the pilot and copilot cannot be
defined. | o | - - o
- 164 o i" -The .coordinates .of the nom1na1 v1ew1ng position has

been specified for the average man to be: station line = 460

; inches, water line = 469 inches and buttock line 22 inches

vi,umu_r. ‘ The vertical field of view straight ahead w1th respect to this

‘nominal viewing position is 10° up and 20 down. The water
lioe of the nominal viewing position will vary from 406 inches
‘<fifth percentile man).to 410 inches (ninety-five percectile
‘man) .* The vertical field of view for non-average size
- stationary crewmen because of the +2 inch water line change -
.cannot be defined since the window geometry and forward panel
. locations have not been determined.
-1801'~»}~~‘ «The 10° vertical field of view above the horizontal is
. P8g.

. sufficient for the pllOt to see the axtire 1ength of a 10 000

?_;iegh-ii§.ft.:runway at preflare altitude (1050 ft.)_with worst case . .

pltch down transxents in orbiter pitch attitude Sufficient

_ Human Engineering Guide to Equipment De81gn - Sponsored by
Joint Army-Navy-Air Force Sterring Committee - McGraw - Hill
Book Company pg. 518
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down vision to see 2° below the horizon at main gear touchdown,
at worse case nose up attitude (tail scrape angle of 180)

. ‘ .. a0 P . . .
dictated a minimum of 20 down vision on the pilot's centerline.

8.2.2.2 Payload Handling;Station
| Thé nominal viewing point,'fhe division of the total
“vertical field of view into above and below the horizontal,
. the horizontal field of Qiew, the“vieﬁing'poing enveiépe and
the window geometry have not been identified. This area is
- exceptionally weak'becausé bf this lack of information.

- 8.2.3 Assumptions

The payload handling station windows are glass panels

that are covered by the cargo doors during launch and entry.
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REF. | |
_.KEY_.- 8.3 Ascent Phase (Vertical Launch to Orbit Insertion
The primary objective_qf the ascentjphase is inse;tion
166.;. of éhe orbiter into a 50 x 100 nautical ﬁiié-orbit. The ascént
pg.iii
phase sequence includes: (1) mated flight, i.e., booster
assists ofbitér‘to the desired separation conditions, (2)V
»jwseparation, i.e., sepafate booster from orbiter, and (3)
; orbiter inéeftion, i.s;, orbiter continues_its-flight and
"iﬁserts into orbit. - |
The nominal ésceht tfajecgofy'profilevihclﬁdééVa five
‘;2?2~34‘.second vertical boost phase, followed by a pitchover and
- flight at the désifed_étfitude angie.: Roli td tﬁe fiight
" azimuth is accomﬁlished durin% the pitchover. The orbiter
;2?2-15'_15 orienﬁéd-in an inyerted position dﬁringuésceﬁﬁwéé maximize
| perfofmance and abort'capability. The abort SRM's are jetti-
;g?z-1dl‘soﬁéd»ﬁnﬁéed Qhén the éritical éﬁbft period ends 30 seéonds
pg.g=17 after 1££F-off.’ At apptoximately 109 se;onds-aftgr.ignition |
166 - SRMs staging occurs. Inseftion occurs for a polar mission 561
 Pg&2-17iwsecbnds"aftérfignition'and‘for an éastgr1y mis§iqﬁ 547 seconds.
9-10 D T e

.8.3.1 - Scene Content

l

~=""873.1.1 ' Horizon. This refers to the boundary between the

earth and skyfield. It is usually rough at low altitudes, due

~ to the presence of terrain features. As altitude increases,

it becomes smoother since the terrain features defining the

t
i
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"~ | stars, comets, and meteors; the last four are more visible _

166

- pg.2-17

164

164 &
167
pg.2=5

' 8.3.1.2 Terrain. This includes all the visible features“of

. site, (i.e,, KSC or WIR).

;28'3f1.3 Celeétial_Bodieé. These include sun, mégn, ?lane§s,
'i§uring.the hqurs of darkness. The sqp also ?é??? sﬁadows.v

"yehiclguexte?nallpo the windows thaF ggg bg_;eeéAthréugh_tbg
mated configqratign yith.respect to an approximqte eyg position
" inches above the external hydrogenfoxygen tank center;ige, and

 abort SRM's are not visible in the mated configuration and

; . o L : A T
after separation. Also, the 156 inch SRM's are not visible

horizon are at a greater distance. At orbital altitudes, the

curvature of the earth may be perceptible.

the earth's surface, both natural and artificial. The launch
area with gantry is prominent in the visual scene during
vertical launch. Also, the terrain scene depends upon launch

8.3.1.4 Ouwn Vehicle. Included here are those portions of the

windows. The external hydrogen-oxygen tank is visible in the
4 _ !

1500 inches from the external hydrogen-oxygen tank tip and 360

within a vertical field of view that extends to‘20o down. The

"~ in the mated configuration and afterjseparétioﬁ since the initiFl

166
pg.2-47

~ illustrated in Fig. 8.3-1. - ] » : K [

trajectory of the solid rocket motors have a +Zpg component as
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NOMINAL STAGING
ROCKET THRUST »

BU XL8 FORV/ARD AND AFT
13UAN = 20SEC

NOTE ORBITEH S .NVERIED
IN FLIGHT

WAV

rsecn]/

2SEC
-3sEC Isec
Figure I Successful SRM Separation Under

. 8.3-1

e ——

Nominal Conditions

B St et et
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8.3.1.5 Atmospheric Effects. These include elouds, contrails
smoke, fog banks, and the like, located in the atmospheric
belt. Objects of the class cannot only be seen, but can 7

occult the scene behind them partially or completely.

- 8.3.2 Color

166

P8 .2"47 ).

- 2=47,
2-48

"Colors that may be present during this phase include

' the color tranSLtlon of the sky from a blue to black, the blue-

green of the ocean, various shades of green and brown from the

f natural landscape, and the colors Of cultural obJects, SUCh

as red roofs. White clouds may also be‘present.' The color
content of the scene will change during separation due to the

ignition of the forward SRM separation rockets.

'8.3.3 TIlluminators/Non-Illuminators

Definition:

(1) Illuminators: Those light sources. that. illuminate

~ reflective objects to a significant extent.

l«(z). Non-Illuminators: Those that can be seen because

Examples‘of illuminators during the ascent- phase are:

" sun, moon, SRM eeparationlfocketé plume and ground llghtlng

such as streetlights. Examples of non-lllumlnators are stars -
and ground light sources such as lighted windows. The Ascent

Phase could occur during daylight or darkness. -

t

of their own luminescence, but which do not illuminate anything|.

.
1
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8.3.4 Displacements

8.3.4.1 Translation

From KSC ,
166 - 0<1%1 € 4.0 x 10° £e.
pg.2-25,
46 0slyls 5.2 x 10° ft.
167
pg--2-5 -80.2 2,2-350,000 ft.
| From WTR
02/%1<5.2 x 100 fe.
Yy 13,;15—.1.0 x 108 ft.
-8022: 2 -350,000 ft.
8.3.4.2 Rotation (B-Frame with respect to B-Frame at launch)
~ FromKSC - |
166 L © =90% ¢ < 90°
Pe.2725 | '-io% $£110°
-45% ¢ ¢ 25°
From WTR‘W _ _
-90% 4££90° - - - -
210% e110°
S UNS S S S PA - 10% lli’é L0 e e
8.3.5.1 'Translétion. | | |
| From KSC o S
170 - - 0£1 Xz 1£20,000 £ps
Pg .6 - 021Ys 1£26,000 fps ‘

041 7z-1% 3,000 fps
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" From WTR
170 . 0£1 Xs1 £ 26,000 fps
pg-6 : . |
0£1ye1l £ 7,500 fps
0c12:1 < 3,000 fps
8.3.5.2 Rotation

. 8.3.6 Acceleration

8.3.6.1
170
pg.6
166 o
pg.2-91

8.3.6.2

Translation

0=lggl e 5°/sec

021 fal ¢ 20°/ sec

0clagl ¢ 59/sec

From KSC

From WTR

021 %1 £80 ft./sec?

0%£1 412100 £t./sec?

0£1 2:1260 ft./sec?

021 ¥s1 £100 ft./sec?

Rotation

0£1 1220 ft./sec?

05151260 £e.feec?

0£1p5,1¢1.5 rad/sec?

0<1 53140.5 rad/sec?

021+41%0.5 rad/sec?
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8.3.7 Assumptions

1) Launch Earth Axes System - The origin of this
system lies on.the sufface'of the—earth'fixed at ﬁhe iaunch
site. The Xz axis is positive North, Ye 1is positive East and
the Z. axis is positive toward the center of the earth. |

2) “The launch azimuth from KSC ranges from 44° to
110°.

3) The direction of the launches from WIR will be

south in order to attain a polar orbit. = . _
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166

pg 248

2-50

166

pg.-2-51

8.4 Abort (Vertical Launch)

"The obJectlve of the abort phase is to interrupt the

normal launch sequence when the abort situatlon occurs and

carry the abort operatlon to a point where a nominal sequence

can be re-entered. There exists five abort modes:
(1) 1Abart SRM (launch .commit .to 30. seconds)

The orbiter separates from the tank SRM cluster ass1sted by

the ASRM to facilitate safe separation and returns to launch

. site. . .. . . e

 (2) Orbiter Glide (30 seconds to 86 seconds)

. Orbiter separation from the tank-SRM cluster can be accompllshe
Aae:odynamlcally, i.e., without thrust augmentation, in this

- flight regime and utilizes a glide return to the launch site.

' (3) Orbiter Powered Return to Site (86 to 300 seconds).

The orbiter returns to site by means of a powered maneuver

. with orbiter main engines. Variations depending on ascent con-

166~ - -

pg.2-51

166

pg.2-52

: aftef nominal‘staging.

2-52

~ditions are: (a) abort before nominal staging, and (b) abort

-

~ - (4) -Orbiter Once-Around Orbit-(300‘t6 AAOFSeCOnds)

For loss ofjthrnst from a single main'engine dnfing this time
A : S T L o
interval, the abort mode is once around to the launch site.

(5) Orbiter Abort to Orbit (440 to 551 seconds)

After loss of thrust from a single engine after 440 seconds

of flight, the orbiter continues to orbit.

o
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166 : SRM thrust termination is proyided for abort modes by
Pe- 3781 means of two symmetrical blowout ports formed in each forward
motor dome by the ignition of linear shaped charges. Exhaust
_étacks are provided to direct the gas discharge.;hrough thé
forward attach structure and away from the orbiter.
8.4.1 Scene .Content
8.4.1.1 Horizon - Same as 8.3.1.1 :' “":"f' '
B f8.4;i.2V vTérrain - Similaf to 8.3.1.2 boo oifféfent areas of
166 :’tﬁe eafth are involved, depending upon the abort mode.emoloyed.
Pe-5737 Also the landing strip at KSC is a 10,000 ft. x 150 ft. runway
with a 1500 ft. overrun, tower, operations bu11d1ng, Utllltles,
’i;unway llghtlng, ILS and nav1gat10n alds ThlS runway w111 be
1662 o1 a new construction northwest of VAB. The pllot s perception
pg.2-91-- ) o _ _ .

" terminator is visible.

“is considered to be critical in order to safely accomplish

the task. In addition, for modes 4 and 5, the day/night

- 8.4.1.3 (Celestial Bodies - Same as 8.3. 1'3
"8.4.1.4" Orbiting Vehicles- hese 1nc1ude U S.'and RUSSlan
_ spacecraft and '"space junk' from previous 1aunches. They would

" be visible during abort modes 4 and 5 (i.e., orbiter once-

modes. - i

of the horlzon and runway in unpowered approach and landlng

around and orbiter abort to orbit), and not during other abort |
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8.4.1.5 Own Vehicle - Similar to 8.3.1.4 for abdrt modes

5, 4 and part of 3 when the abort takes place after nominal
;2?2-48 staging. In addition, as in secfion 8.5.ir5, the tank is
visible in order to verify a safe separation. For the re-
- maining portion of modeA3_and the entire.mode 2, the orbiter
.separates aerodynamically from the tank~SRM cluster. In

mode 1 the ASRM assist in separation from the cluser. In

either case the tank-SRM cluster is not visible (Figure 8.4-1).

Te 208
- ¢ T « osec

T s USSEC

Tre 18SEC T e 1useC

r = 19SEC T 15 SEC .
-
T = 055€EC

T 3 9SEC

T « 208EC

ASRAL ASSISTED ABORT
SEPARATION AT 1 JOSEC .

ASRODYMANNC ABDRT ) -
SEFARATION ATNIAX § co 4

'Figurel’ ‘¢4~ Positive Sepuration of Orbiter From -
o " Tankand SRAfs . S
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q  8.4.1.6

8.4.1.7

Atmospheric Effects - Same as 2.1.5.

Other Aircraft - Normal air traffic, which is kept

from the Qicinity of the launch site during launch, may be
visible during abort.
' 8.4.2  Color
In addition to the objeqts whose colors were enumerated
'in 8.3.2, there is tbe possibility that orbiting bodies may
be visible during abort modes 4 and 5 (i.e., orbiter once-
aroﬁnd and orbiter ébort to-orbit). These bodies would”probably
SRR ' " be black.and white, for the ﬁost ﬁart, for thermal control.
Also, for aborﬁs before nominal staging; ﬁhe cblors in the
scene will change due to the plume from SRM thrust termination
‘mfhroﬁgh-the forward firing blowout porfs. Category 11 approach
runway lighting colors* 1include red (e.g., red barrettes on
each sidé of thevcenteriine), white (e.g., touchdown zone) ,

green (e. g R runway threshold) yellow (e.g., runway remalnlng

edge llghts) and blue (e.g , tax1way edge at lntersectlon) *

with attachments. Fifth Edition, May 1969.

F.398.8-A

T % Internatlonal Civil Aviation Organizatlon Annex 14
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166

pg.3-148

166 :
pg.2-50
170
pg.73

166
pg-.2-51

166
pg.2-51

8.4.3 Illuminators/Non-I11lluminators

Examples of illuminators during the abort phase are:
sun, moon; the plume from SRM thrust termination through the
forward firing blowout ports, SRM separation rockets' plume,
generai lighting such as stréetlights and orﬁiﬁer;é landing
lights. Examples of nén?illuminators are: stars, ground
light soufces such as lighted windows, runway—lighting, and

runway light'of other aircraft. The abort phase could occur’

in daylight or darkness.

- 8.4.4 Displacements

8.4.4.1 Translation

Mode 1: From KSC and WIR - ,_;_j_::w-

0£1 X£1<60,000 ft.

- 081V 1< 60,000 ft.

-802 Z. Z-20,000 ft.
" Mode 2: From KSC and WIR _
01 %1£220 x 10° £f£.

e 0% 1 Yel2 220 x 103 fE. . oo

-802 Z, Z-100 x 0% s,

Mode 3: From KSC R -:,;~' w;wfm,%. jj;'"
, 6 L

021ygle2.5x 10° :£e,

3

0%1%s141.8 x 100 ft.

-80Z 2 2- 400 x 10~ ft.
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From WTR
166 : _ ‘ "'Oélx,_:l-’.- 2.5x106 ft.
pg.2-51 e e ) : -
| - ~ 0513‘_,'15100;:103 ft.

-802 22 2 -400 x 10° ft.

Mode &4 and 5: From KSC and WIR

” :;26 2-52 ‘ : -80Z Z£Z-800 x 103 ft.
o ,8.4-.4.2.- Rotational (B?Frame‘vwi»fh Respect to B-Frame at launch
| " The rotational excursions for all three angles are
A -ébnﬁxi‘nuo&s for all five abort modes. |
"'f’8l.4..5 Velocity o
.8.4.5-.1 _ Trénslation A S
170 - ~ Mode 1: From KSC énd WTR

0% | xg| < 1000 fps
3‘ o £ )
1 0£ | ygl £ 1000 fps
0z |z | £ 1000 fps
‘Mode 2: From KSC and WTR

1662 5 L 0% le' < 3000 fps
Pg .4~

| 104|yE|43ooo fps.
e ,’ 0.< | 2| < 3000 fps S ———T

 Mode 3: From KSC T

- — - e e P e .. - . . l

o T T .

0 4551 29000 fps

e 0£12£1£3000 £ps - . - oo
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166

pg.2-52
8.4.5.2

170
pg.73,
74&75

170 .
pg.89a o
90

F-398-8-A

T

| Mode 4 and 5:

_}“

Fr_om W'i‘R
041 %z1<9000 fps
0 21412 4000 fps
041 2.1% 3000 fps
From KSC and WIR

0% VZ=27,000 fps

Rotation
ode 15 04 py| < 40°sec
- P8
0 < qu' floo/sec -
0% |z | £10%sec.
~ Mode 2: VOélpBI{:l‘OO/SeC
, '0}"=|'qB| £ 20°/sec -
. :'E 3 . 4- A o —
R Y /sec
"Mode 3: 0% lpBl < 40°/sec -

02 |qp| = 20°/sec

0#: | g1 _/:_15°/sec'»

Modes 4 and 5: 0% IPBI £ 20°/sec
0 £ < 57 [sec
|9g] =3/

-0 £ |xg| £ 5% sec |
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8.4.6 Acceleration
8.4.6.1 Ti‘anslation
166 ‘Mode 1: 0% |xg| £100 ft/sec
]Dg .2"5]. "
0 = |yp| £ 100 £t/sec?
0 £ |zg| £.100 ft/sec?
170 -+ Modes 2 and 3: 0% ;;E, 4130 ft/sec?
pg .6 . . ' - " - 2
& 0% |yg| £130 fr/sec”
166 g
pg -2-51 0 <]z | £100 fr/sec?
Modes 4 and 5: 0% ;;E 4 100 ft/sec -
0<|yg| <100 ft/sec
- ’a 'Oélg < 60 ft/sec
8.4.6.2 Rotation L
170 " L. ) - . ; J .. 2 »
pg. 76 - Mode 1: 0 ‘El pB‘ < 1 rad/sec
f , 0= c','B| < 0,25 rad/sec?
: Of_lr ~« 0,25 rad/sec?
- ‘ e . £ f = 1 . 2
170 " Mode 2: 0% l pBl <1 rad/sec - i
pg .89 '

-398.8-A

O s ‘ éBI < 0.5 racI/so:zc2

| 04 ' i'B l < 0.5 rad/sec?

o1t
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Mode 3, 4 and 5: f;lﬁB, =1.5 rad/sec2
‘ :0_{-_ l &B, <0,5 rad/sec2

< I iBl f~_0'.5 x:acl/sec2

8.4.7 Assumptions

1) Same as assumption (1) Section 8.3.7.
- 2) The landing strips at both KSC and WIR will meet

FAA Category II requirements. Also, the basic weather

" minimums are the same as FAA Category II conditionms.

The reason Category II, rather than I or III was
selected relates to current air transport practices. Ground

facilities (radio aids, runway lighting), aircraft equipment,

”biiot training, and procedures combine to make Category II

~1anding by coﬁmercial aircraft routine. Category III landings

are still somewhat‘experimentalj few aircraft and only one

commercial alrport (Dulles) are presently certified for

“w Category III. The landlng strips at KSC and WTR, if used by

- support aircraft, would require Category II certification to

i

:-be of'makiﬁﬁm use. Hence the assumptlon of Category 1I o

, capabillty at the two’ landing strips appears reasonable.

_ 3) Normal air traffic will be kept away from the

‘vicinity of the launch site during launch.
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8.5 Orbital Operations Phase
The objective of the.orbital operatioﬁ phase is to
provide flexibility for peéforming orbital changes not
necessarily associated with rendezvous. Major activities that
occur during this phase are: |
(1) “External tank separatton - Approximately 24 minutes
;2?2-46 after orbit insertion the orbiter separates from the external
hydrogen/oxygén tank. Subsequently, the external tank de-orbit
via a simple preprogrammed retro impulse that will cause the
tank to enter fhe étmosphere and impaét with acceptable
dispersion.
(2) AécentVtvoperaﬁing orbit -.Transfer.ffom the
22?2-9 50 x 100 n.m. orbit to the operating orbit as defined by ﬁhe
mission. | o o ) ”
(3) Navigation updates aﬁd performance monitoring -
;g? 2-6 These activities are autonomous using vehicle software, display
166 " controls;Ahorizon“scanner, star tracker and IMU. Backup systen
pgf3-?7 - alignment is accomplished by an optical sighting device
o f>similér'tb tbe'CSM érewman's opticalwalignment sight (COAS) .
153 ' - The COAS is hana mounted on the window frame during spacecraft

operations. .

[]

S,
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- 8.5.1 Scene Content
‘_8.5.1.1 Horizon. At orbital altitudes the horizon appears
‘ smooth and curved.
8.5.1.2 Terrain. Because of the various nominal orbital
ég{?iii inclination angles (i.e:, 28.5°, 55°, and 90°) the entire
earth surface is»potential%y_ﬁisible. Also, the day/night
~ termination is potentiaily vigible.
8.5.1.3 Celestial Bodies. Same as 8.3.1.3.
-~ 8.5.1.4 Orbiting Vehicles. These include us and Russian
spacecraft, and '"space junk" from previous flights.
--8.5.1.5 Own Vehiéle."As mentioned in Section 8.3.1.4, the
 éxterha1 hydrogen/oxygen tank is visible in the mated configu-
ration. The tank disposal sequence is shown in Figure 8.5-1.
"As ihdicated thére, the tank is réleased, the orbiter trans-
36 hetils lates away from the ténk and the tank's deérbit motor ignites
pPg -4~

on a time delay signal. Moreover, the pilot should view the

®QR3IT INSERTICN @ QRIENT FCR SEPARATION

SOUNP Vi (MINIMIZES (0] @ (MINIMIZES TANK IMPACT
H . €G UNCERTAINTY) OISFENSIEN)
PITCHRATE | o FINE NOTE CONTROL

. ¢ puit? GAS TO 2 0.1 DEG/SEC
! 5-15 PSIA

1 .
. i g;zVa
! @ SEPARATE PROPELLANT /
. DISCONNECTS iPRECLUCES > o 1o

IPRECLUDES TANK
STABILIZATION)

eNAVIGATICHN UPDATE
DE-ORBIT TIE

DISTURSING FORCE AT IMIEIBSIZES IMPACT -

. TANK SEPARATICN. : Ao DISPERSIZ
: *RELEASE TANK ® I aLs |+ coasT 17 sec prOVIDES
[ ° | etRansiaTE ORRITER suRn Tig] OFT CLEARANTE)
1 Sesec Res gusn av-3res “37.1SEC | o RETROFIRE R 28 1M -
W, ~ 100 L8 PROPELLANT S . AFTER IMSEMTICN AV *
*INITIALE DEORSIT J J 300 FPS (MINIMIZES
TIMER / / IMPACT DISPERSION)
AVG ATT ~
EROCR <3P .

F igure 8 .5-1-- Tunk Dispusal Sequence
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tank in order to determine the relative position of the eank
wifh respect to the orbiter td verify a safe separation.
':8.5.1.6 Atmospheric Effects. - Same as 8.3.1.5.
8.5.2 Color |
Colors that may be present during this phase include
.the black .sky and various shades of green and brown of the
earth. White clouds may also be present. There is the
poesibility that orbiting bodies may be visible‘during orbital
' operations These bodies would probably be black and white,
M-”for the most part for thermal control
) 8.5.3  Illuminators/Non-Illuminators
- eExambles of illuminators include sen, mdéﬁ aﬁé the
'lgnltlon of the external hydrogen/oxygen tank deorbit motor.
Stars would be examples of non- lllumlnators |
8.5.4 Displacement
- . .~8.5.4.1> Translatiom . . .. _ .
166 » _ o _ - ,
pg.2-9 . 50 £ altitude £ 500 n.m.
- ."-8.5.;;2. Rotation . .;w .-' R
o " 'In orbit, the vehiéle cén”éSsume”any'éftitude.
: . 8.5.5 Velocity e o .
166 . | S O TS
pg-2-9 8.5.5.1 Translation
25,500< v £28,000 fps.
1 8.5.5.2 -_Igg_gggi@_
166 ‘ A
To be determined.

Note: Minimum attitude rate = 0{1°/sec.k
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8.5.6 Acceleration
835.6.1 Translation
To be determined.
166 Note: Maximum V capability = 1000 ft/sec.
pg.3-68
‘ Burn time not specified
8.5.6.2 Rotation
166 ' 0 £ |roll acceleration ,f&So/secz
pg.3-63 : .
} ‘0z | pitch acceleration| 4 2.5°/sec2
- 0 £ |yaw acceleration lf& 2.5°/sec2
Assumptions

- 8.5.7

"is positioned such that the external tank is viewed in order

_to determine its relative position with respect to the orbiter,

1) After orbiter/external tank séparation, the orbitey
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166

pg.2-79 -

166
pg.3-97

166
pg.-3-96

8.6 High and Low Altitude Rendezvous Phase.

The objective of the rendezvous phase is to fly to a
co-orbit condition with another orbitsl vehicle. This‘phése
includes: (1) orbital adjustment sub-phase, i.e., correct

phasing with rendezvous target, (2) coelliptic sub-phase, i.e.,

to place the oxbiter .at the .desired termiral condition prior to

initiating an intercept .trajectory, (3) terminal sub-phase,
i.e., place orbiter on an intercept trajectory with the target
and perform tracking to achieve a station keeping condition
and (4) station keeping sub-phase, {.e., mainﬁain a relative
position in the near vicinity of the target vehicle.

-During rendezvous with an aétive cooperative térget
(Missions 1 and 2), targét range, range‘rate and bearing data
are used for ﬁa;igation. ’The time in parkiﬁg orbit is up to
17 orbits to achieve the proper ﬁhasing. For the single orbit
retrieval mission rendezvous must be accomplished within
thirty-five minutes. Rendezvous with a passive target employs
gfﬁund tracking of the target combined with brbiter on-board
navigation and, when required, range, range rate, and angle
data from rendezvéus sensors. The GN&C subsystem provides
ineftialnavigation updated by stars and horizon sensors for

autonomous orbital flight and by RF navigation aids (e.g.,

TACAN) for rendezvous. As for Orbital Operations (Section 8.5)

1

the backup system alignment is accomplished by an optical
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- sighting device, similar to the crewman's optical alignment
sight (COAS).
8.6.1 Scene Content -
8.6.1.1 »vHorizon>
Same as 8.5.1.1.
8.6.1.2 Terrain | N
Same as 8.5.1.2.
8.6.1.3 Celestial Bodies
Same as 8.3.1.3.
‘-gf8.6.1.4 | Orbiting,Véhicleé o
| ‘Rendezvous 1s required with the foilowing orbiting
 ;e$i§lésE “(i) spécé stations:duriﬁé Sbacé'éﬁétion reéupply
missions, (2) satellites during satellite retrieQal missions,
(35 space tug fof orbit t§ orbit shuttle; (4) énothef orbiter
during rescue missions and (5) a Russian manned vehicle.
"Space junk' from previous flights may also be visible.
8.6.1.5 Atmospheric Effects
Same as 8.3.1.5.
1 . 8.6.20 Color ”.’7' o ?"'j' o )
- +«-. .. Same as 8.5.2.
‘ f*— o 8_“.'6”."3*“””1‘1'1ﬁ'miﬁator'élNori’-;ilﬁminétor's"”W"m'm'" -
1663 L60 The docking and runway lights on some orbiting vehicles
pg.o° ' '

are an additional example of non-illuminators with respect to

those in Section 8.5.3. Also, examples of illuminators are
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166
- pg-2-9

166
pg.209

.8.6.5.2 Rotation

166
pg.2-80

' 8.6.6 Acceleration

166
pg.3-68

docking lights. This lighting system fulfills requirements for

'8.6.4.2 Rotation

- - - ;- Note: Minimum attitude rate = 0.1%/sec.

. 8.6.6.1 Translation el e

sun, moon and the orbiter's spotlights and floodlights, i.e.,

orbital visual acquisition and tracking, determination of

grogs range and range‘rate of orbiting’vehicles during terminal
rendezvous under all space 1igﬁting conditions. Moreover, the
rendezvous phase usually begins in darkness.

8.6.4 Di.splacement

8.6.4.1 I;anslation>
" 50% altitude €500 n.m.

slant range< 300 n.m. .

In orbit, the vehicle can assume any attitude.

8.6.5 Velocity

8.6.5.1 Translation

25,5004 VvV £28,000 pps

To be determined.

To be determined.
Note: Maximum V capability = 1000 ft./sec. Burn

time is not specified.
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8.6.6.2 Rotation o
166 B Ofl roll acceleration'i.‘. 5%/sec 2
pg.3-63

04| pitch acceleration 1< 2.5%sec 2 _

- 04 ) yaw acceleration 15-2.50/_sec2
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8.7 Docking and Undocking Phase
166 The objective of‘a docking operation>is to move from a
pg.§-96 station keeping mode to a dockinghcoﬁdition with the réndezvous
target.
fhe docking phase is the only phase that is éonducted
166 in the manual .mode only. The minimum time from rendezvous
Pe: 259 completion to docking is five minutes.
8.7.1» Scene Content
8.7 1.1 Horizon
| Same as 8.5.1.1
8.7.1.2 Terrain
o Same as‘8;5.i.2
o 8.7.1.3 Celestial Bodies
o 'Séme‘és 8l3:1.3 o
8.7.1.4 Orbiting Vehicles
o Same as 8.6.1.4
8.7.1.5 Atmospherfc Effects
;-‘ o Same as 8.3.1.5
7. 8.7.2 " color < e e e
Same as 8.5.2
i 8.7.3 Illuminaﬁors/Non-Illéminators
20 The orbiter vehicle is capable of manual docking to
Pe-1V"2 other orbiter vehicles during daylighf'orldarkness. Otherwise,

same as 8.6.3.
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8.7.4 Displacement
‘8.7.4.1 Translation - ' .
166 50 £ altitude £500 n.m.
pg-2-9
slant range £10 n.m.
docking lateral misalignment = 0.5 ft.
<8.7:4.2 Rotation
1662 5 In orbit, the vehicle can assume any attitude
Pg.<~

7.5.1 Translation

S maximum relative velocity at docking = +0.5 fpg

.7.5.2 Rotation

.7.6 Acceleration

.7.6.1 Translation

.7.6.2 Rotation

docking angular misalignment = + 5°

docking roll misalignment = i 7°

7.5 Velocity

25,500£V/428,000 fps

Same as 8.6.5.2
maximum velocity at docking = +1°/sec active vehicle

" = +0.1%°/sec passive vehig

Same as 8.6.6.1 1

Same as 8.6.6.2

le
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YREF. | 8.8 Payload Operatione

KEY '

The payload operations objective is to guide and control
the orbiter as necessary to meetvoa&Ioad handling require-
ments. The following maneuvets could be encountered: docking;
undocking and payload deploy/retrieve. The manipulator arms

) ' enahles thevremote manipulator system to perform the following
~§§.II-1 tasks: (1) “capturing' orbital payloads, (2) docking‘the |
l'othiterAto orbital/payloade,v(3) unload and deploy cargo from
{ the orbiter cargo bay, (4) unloading space station module from
orbitet trahsfe; aﬁd dock module to space station and (5)
--assembling orbital payloads. The docking maneuver will be.
- 4performed in_a_flyby manner rather-thah a head-on approach,'
B "f~so that in the event of a '"redesignate and fly around'' maneuver
the two vehicles will not he on a collision course. ;In
20 -addition, the orbiter may be required to perform astronomical
Pg.1IV-10 .
i “or other experlments thh an attached payload.
22 Since the two manipulator arms are identlcal, the actual
Vi :Idesign effort is 1imited to ‘only one arm.; The arm is designed

VIII 1

t

so that only one arm is required to accomplish all tasks

: associated w1th capture, docking, or cargo handling operatlons

" Thus, the remote manipulator system is redundant, in that if

~ one arm fails, the other arm can be used to accomplish all

" the required tasks except orbital assembly. ‘In particular, -

_ both arms are needed. for orbital assembly. For example,
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22 .- capture and holding of the Large Space Telescope can be done
pg.11-4 . .
with one arm while performing maintenance and module replace-
“ment tasks with the other arm. The nominal time for deployment
166 of a 65,000 1b. payload is ten minutes. Also, the maximum
pg.2-9
time for deployment and retrieval of a 30,000 1lb. payload is
-fifteen .minutes total. |
166 There will exist as part of the remote manipulator system a
pg.3-160
minimum of five closed circuit television cameras and two TV
monitors. The two TV monitors are located at the payload
handling station. Two cameras are located near the terminator
of each manipulator arm. Two TV cameras are mounted in the
payload bay. The fifth camera is used within the crew module
and mounted on the centerline of the docking axis at the
docking port window.
166 In addition to the two TV monitors and controls for the manipu-q

_ payload monitor/payload handling computer transforms the
““crewman's commands into appropriate rates of the seven arm
' joints until proper engagement is made.

' A8.8.1 Scene Content

lator arms, the payload handling station provides controls

for vehicle attitude and translation maneuvering. Also, the

8.8.1.1 Horizon

Same as 8.5.1.1
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8.8.1.2 Terrain
: Same as 8.5.1.2
8.8 1.3 Celestial Bodies
Seme as 8.3.1.3 |
8.8.1.4 Orbiting Vehicles
Typical payloads: encountered during payload deploy/
166 retrieval maneuvers are: orbit-to-orbit shuttle, NASA point
pg-3‘15§ design tug, modular space station, sortie modules, SOAR, RAM,
Large Space Telescope and Centaur and Agena stage Vehicles.
’Vehicles other than payloads that may require capture are:
another orbiter during rescue missions and a Russian manned
vehicle. Also "space junk'" from previoﬁs flights may also be
visible. )
8.8.1.5 Own Vehicle
Aé mentioned in Section 8.2.1, . the windows at the
_.payload handliﬁg stéfion provides visibility into the 15 ft. x
60 ft. payload bay (Fig.8.8-1).
-4*8.8.1.5.1' Payload Bay Doors
"33 R  ‘The bayload bay door is basically a clam*shell
z%.6é type with each half hinged.along the longeron having a latching

rotation.

system at each end and along the mating centerline. The hinge

is a theoretical center dual link type allowing 138° of door
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- 8.8.1.5.2 Remote Manipulator System
22 Each arm is attached to the fuselage near the for-
Pg.I1-3° '

. closed for reentry.

" the arms are stowed along the top of the payload bay. Each arm
" load doors, near the mating line between the doors (see

When stowed each arm occupies a cylindrical envelope 50 feet
-in length by 8 inches in diameter. In the event of a frozen
joint failure, the arm possesses”an ekplosive bolt device, so

- -that the arm can be jettisoned to allow cargo bay doors to be

~with 2, 2 and 3 jqiﬁtsArQSpeqtivelyg The shoulder degrees of
freedom arapﬁxch and yaw, the elbow degreesvof freedom are
4-r011_and yaﬁ; and the wrist degreea of freedom afe ya&, pifch
“and roll (see Figure 8.8-2). Payloads are deployed by grasping
;‘them w1th a hand 1ike termlnal device,,llftlng them out of the
“‘F payload bay using the joint motors,.and relea31ng them. Pay°

__loads are captured and retrieved sxmllarly, the motors being

~ ing payloads to the payload bay.

ward bulkhead of the payload bay. During launch and entry,
is extended, and attached at seven points to one of the pay-

Figure 8.8.-1). Each arm is attached to a different door.

"Each arm possesses a shoulder, elbow, and wrist,

| V.

i

useful for braking small relative velocites as well as return-
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166
pg.3-159

- port windows aids the manipulator operator to monitor align-

22

PE .
VIII-o3

~ cameras can be selected on either of the two TV monitors.

8.8.1.5.3 TV Cameras and Monitors

. The crewman utilizes direct and TV viewing while
operating the manipulator arm controllers. The payload hand-
ling specialist's controls are discussed iﬁ'the Crew Procedurégd
Section. As is shown in Figure 8.8-2 the two TV cameras located
near the terminator of each manipulator arm ensure a closer
image of the target so that final closure and attachment may
be accurately contrplled. Two TV cameras mounted in the fore
and aft sections:of the payload bay provide remote viewing of
the payload attachment and release and stowage operations as
well as general viewing of the entire areas. The fifth camera

mounted on the centerline of the docking axis at the docking

meht}énd fange/réhge rate during manipulator controlled docking
operations. The two TV monitors will be monoscopic and black
and white. There is no requirement for a TV system with
resolution greater than the obtainzble standard 525 scan
lihés:' Each monitor will have the standard QN/OFF, brightness

contract, and test controls. 1In addition any of the five TV

8.8.1.6  Atmospheric Effects

Same as 8.3.1.5

4
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8.8.2 Color
Same as 8.5.2
8.8.3 Illiminators/Non-Illuminétors
166 0 'The sun, moon, the payload bay floodlights and the
Pa-A71e manipulator arm spotlights ave examples of illuminators.
There .are four 75 watt fluorescent payload bay floqdlights
f(i.é., two on each end of the bayload bay) and two 100 watt
tungsten hélogen (i.e.,'one on each manipulator arm) manipula-
tor arm spotlights. Stars are an example of a non-illdminator.
8.8.4 Displacement
8.8.4.1 Translation
22 altitude < 500 m.m.
pg. II-2
max arm reach = 50 ft.
sﬁouldgr to eibowi= 23.5-ft. = elbow to wrist
wrist to terminai device = 3 ft. |
tip positional error accuracy = +2 inch
8.8.4.2 Rotation
In orbit, the vehicle can assume any attitude joint
B " ‘angular travel limits; T
22 choulder : pitch = 4+200°, yaw = 130°
pg.VIII-3 . : ' o o
elbow: yaw = 41557, roll = 4200
wrist: pitch ==-_i-_lZOo, yaw = ilZOQ, roll =
| + 200"

Note: See‘Figure 8.8.-3 for one arm shoulder

" to wrist envelope
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8.8.5 Velocity

8.8.5.1 Translation

25,500< \/< 28,000 fps
summation of tangential velocities at elbow,
22 . wrist, and tip gives: tip speed< 2.5 fps (no load)
pg..11I-12
tip veloclty error accuracy = #0.05 fps
22 . nominal relative velocity before .arm is used to reduc
pg.11-4
~ - relative velocity to zero = 0.1 fps
- ' 8.8.5.2 Rotation
22 ‘ shoulder: .3 rad/sec (no load)
~ pg.VII-12 - . - o
o o .0035 rad/sec (full load)
elbow:  .0565 rad/sec (no load)
i e e - 2. .0066 rad/sec (full load) . ... . _.
wrist: . .175 rad/sec (no load)

.0265 rad/sec (full load)

'8.8.6 Acceleration

22 - 8.8.6.1 Translation

pg.VII-12
L Maximum velocity can be reached in two seconds and

i ; [ T T ;

summation of tangential acceleratlon at elbow, wrist, and t1p

fugives: tip acceleration £ 1 25 ft/sec‘ (no load)
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8§.8.6.2 Rotation
2

Shbulder: 0.015 rad/sec” (no load)
Elbow: 0.028 rad/sec? (no load)
_ wrist: _ 0.087 rad/sec2 (no load)

and for the vehicle itself same as 8.6.6.2.

» 8.8.7 Assumptions
-1) After deployment of the payload a visual inspection
3 TVWiil Bé ¢ondu¢ted to‘determiné the external conditions of the
... payload. o
" ) _;‘2) Tﬁe remote manipulator syétem is based on two
--;-~-identical 50 foot long arms articulated gt shoulder, - elbow and
warist.' The NAR Technical Proposal was inconsisténtvin specify-
*“E“"7”é~ing-the iength of the remote ménipulator system arms. For
| example page 2-8 sﬁecifies-a 35 foot manipuiator arm and page

3-156 speqifiés a 45 foot arm.
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8.9 De-Orbit Phase

The objective of the deorbit phase is to select a landing

site and perform the deorbit maneuver. Platform alignment and

31 navigation are necessary and therefore included in this phase.
'0.9 t The prinary landing point and the required orbit maneuver have

31 “been -determined from pre-phase planning computations. Since
P Z 12..t:he orbiter has a large cross range capability, de-orbit does

not requlre intersection of the landlng site and the orbital

. 166 . plane. Based on the mission requxrement deflnltion, MlSSlon 3
pg-2-75
yields the largest crossrange requirements. The GN&C subsystem
166 . provides inertial navigation updated by star and horizon
Pg .

3- 96 97 sensors for autonomous orbltal flight. As for Orbital Operations
(Sectlon 8. 5), the backup system allgnment is accompllshed by
‘an optlcal signting dev1ce, 51m11ar to the crewman's optical
alignment sign (COAS).
The Qe-orbit burn will be targeted by the on-boerd compu -}

31 . . ter. Since, in general, several acceptable deorbit.0pportuni-
pg-9-12-4 ' ”

- de-orbits to the crew, whlch will select a particular
y-opportunlty based on entry crossrange, time to ignltlon, re-
quired delta-V, llghtlng condltlons at landing, urgency of

return, etc.
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8.9.1 Scene Content
8.9.1.1 Horizon
Same‘as 8.5.1.1.
8f9.l.2 Terrain
Same as 8.5.1.2
8.9.1.3 -Celestial Bodies
Same as 8.3.1.3
8.9.1.4 Orbiting Vehicles
Same as 8.5.1.4 B : R
-8,9;1.5' .Atmospheric Effecﬁs.
Same as 8.3.1.5
8.9.2  Color | )
Same as 8.5.2
-8.9.3 » Llluminatofs[Nbﬁ-Illumiﬁatoré
Example of illuminators include the sun and moon. Star

would be examples of non-illuminators.

- 8.9.4 _Displacement

K . 8.9.4.1 Translation

!

. 8.9.4.2 Rotation ";~

In orbit, the vehicle can assume any attitude.

.8.9.5 Velocity e
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8.9.5.1 Translation
166 25,500 £ V< 28,000 fps
pg.2-77 - - C - - -
o 8.9.5.2 Rotation
) TBD
Note: Miniﬁﬁmlatﬁitﬁde rate = 0.1°/seé
o 8496  Acceleration
“:j8.9:6.i Translation
TBD “
_ .i;jNﬁie: fréﬁwaAsoonﬁ:ﬁ;;§;5it.fhé g;fn gime.i; 267
T | minutes resulting in a delta V = 800 ft/sec.
. . .8.9.6.2 . Rotation |

~ Same as 8.5;6.2

oo
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166 -
p. 2-6

p. 2-77.

166
p. 2-70

20
p. IV-5

166 -~ —

p. 2-75

plished in this phase.

8.10 _ENTRY

. The objective of the entry phase 1is controlling -

the orbiter angle of attack and bank angle to "fly out'

the targeted crossrange and downrange within temperature,

- g-load, and skip-out constraints. A typical entry is

. characterigzed by the initially high constant angle of

' attackrand large bank angle followed by a pullout where
‘bank angle (and angle of attack, if necessary) are
m’_modulated to avoid heéting and temperatd;e‘constraiﬁts.'

- The transition maneuver, that is, the transition from

spacééraft (high éhgle of afﬁack)ito'aerodynamic fiight'

(maximum L/D) is a slow pitchdown maneuver using aero-

dynamic control in pitch and roll and is entirely accom-

During pitchdown the rudder is

~activated and yaw control is obtained by a combination
of RCS and flared rudder. At the end of transition, the
_rudder is fully effective and the RCS is deactivated.

.~ . The crossrange capability of the orbiter is defined

by the orbiter's state vector at the beginning and end

‘of the entry phase. Mission 3 yields the most severe

entry environment with a crossrange requirement of 1100 n.m.
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166 ‘Both manual and automatic (autopilot) control
-pi 2:79~< - modes are available throughout the entry phase. Steering
166 information for entry is provided through visual inter-
pf 37 pretation of the backup G & N data on a cockpit cathode
126 uneyxtube" Entry and transition will .ordinarily be
p- 6-15 flown by the onboard computer.
) 166 _ - ‘>The'duration of the entry'phaée is approximately
R 3:;; 35 minutes, of which time transition is about 7 minutes.
' -’ 8;10.1 Scene Content
- 8.10.1.1 Horizon
' ln addition'to Section 8.3.1;1; the horizon between
Ly
»;?62-77 orbiter altitude 400,000 ft to 250,000 ft appears in the
o W?side w1ndows because of the flight path angle:- . )
(19 < ¥ < 09 and the high angle of attack (approximately
35%). Between 250,006 ft_end initiation of tramsition,
a large roll angle is maintained and the horizon appears
B in the front windows L . -
I '8.10.1.2 " Terrain =~ oo S S R
This includes all the v1sib1e features of the .
‘earth s surface, both natural and artif1c1al The
terrain scene depends upon the landing site (e g., KSC
;?62-77 " and WIR). Between 250,000 ft and initiation of transition,

the terrain including cloud cover is dominant in the lower

side window because of the large bank angle requirement
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(-75° < € £ 759) during this region.

The loss of the view of both the terrain and horizon

may be lost during the high temperature region of entry.

- 8.10.1.3 Celestial Rodies

8.10.2 Color

Same as 8.3.1.3

8:10.1.4 Atmospheric Effects:

Same as 8.3.1.5

Colors that may be present during this phase include

-the blue-green of the ocean, various shades of green and

~ brown from the natural.landscape and the colors of

-+ cultural objects. The white clouds will also be present.

~ 8.10.3 Illuminators/Non-Illuminators

iAiéb;‘fﬁéwcolbfmdf the sky-wiii gré&uailygéhaﬁgéiffém R

black to blue,

:Examples of illuminators during the entry phase

. are the sun and moon. Examples of non-illuminators are

"the stars. The entry phase could occur:during*daylight‘?”“;

or darkness.

'8.10.4 Displacement o BT pe :

8.10.4.1 Translation

170,000 £ transition altitude £ 160,000 ft

50,000 £ entry altitude £ 400,000 ft
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For WIR: entry north to south
166 0 < xp & + 5000 n.m.
p. 2=77
-1100 < yg £ 1100 n.m.
- For KSC: eﬁtry west to east S
0.2 yg 2 -.5000 n.m.
-1100 £ Xg < 1100 n.m. " )
- 8.10.4.2 Rotation
p. 2-77 - 75° < bank angle £ 759
ip. 2-62 0° < pitch angle £ 50°
o, 2-71 - 59 < glide slip angle < 50
b. 2262, 77 ~ 10° < angle of attack < 50°
p. 2~77-Qﬂ,. ~ . 77—109 S_flight path angle-é.0°_ ;7_
8.10.5 Velocity
- 8.10.5.1 Translation
900 < v £ 26,000 fps
A 1400 < v £ 8,500 fps (during transltlon)
At WTR: entry north to south -
p. 2277 ' 50 &|zg| < 600 fps - R
0 < |xg| < + 26,000 fps
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{166

At KSC:

p. 2-69v--<_

entry west to east

50 sIéEls 600 fps

0¢< lve| < 26,000 £ps

0 <|*g|< 7,500 fps |

=8,10.5.2 ‘Rotation

| Q Slpré,ZQ?/seq !'-

_.9 SJQBIS 5%/sec

VO_SJrBlﬁ 5°/sgc" “

8.10.6 Acceleration

8.10.6.1 Translation

Tn

-0 %
0<

0<

'~ Max. acceleration =

Zp §,66 ft/sec?

"~ 8.10.6.2 Rotation .

<

<

<

1.5 rad/sec? . . .o

0.5 rad/sec2

0.5 rad/sec?

|¥glg S0 £e/secz

; '
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8.10.7

Assumptions

T ' 1) Land Field Earth Axes System - The origin of this
axes system lies on the surface of the earth fixed at the
intersection of the runway threshold and centerline. The Xz

axis 1s positive North, yg-is positive East and the Z. axis

is positive‘toward the center of the earth.

. ' :
B et T D I IR
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REF . 8.11 Approach and Landing Phase
KEY _ _ _
166 The objective of this phase is two-fold, Initially,
pgfz-73__during the terminal approach sub-éhase the orbifer is
' flown with a maximum L/D to the desired gliaeSIOpe
' intercept following an'optimal path dependent.on energy
'?aVQTlﬁbie, ~Subsequently, the "final approach sub-phase
T »é begins at an altitude of 10,000 ft, énd the orbiter is
. controlled to a 15° glideslspe until 1050 feet, where
“i”éthe standard 3° glideslope is initiated. Orbiter
'"glanding is part of the final approach sub;phase.
ﬂ166 o ? Both manual and automated {(autopilot) coatrol modes
- pg-3-97 :are available during this phase. Automatic landing is
Egaccomplished via a computed flight path generated in
. the GN&C computer using the inertial navigation system
4;2?2-5 _ fér reference with continuous updates from TACAN and
é instrument landing system (ILS).  Range and bearing _
L ”j infofmatioﬁ is obtained vié TACAN.antennas throughout'A )
,i;,sg 'fithis phase and the ILS antennag are deployed atAlo,OOO fﬁ;;l,
.166 ,,iRadar altimetef updates ére used near touchdown (approxi-
.. pg.3-97

mate altitude range 2500 feet to touchdown). The two
segment (15 and 3 degree) glideslope approach requirés

separate ground ILS transmitters for each segment,




.398.8-A

°MTE 10/20/7 SIMULATION PRODUCTS Division [t "0 8-67
REV. BINGHAMTON. NEW YORK ‘ REP. NO.
166 Two‘flare maneuvers are conducted during the final
pg.2773 approach, At 1050 feet, the first flére results in a
transition f%om a 15° glideslope to a 3° glideslope.
The final flare occurs at an altitude of 80 feet so
:that the approéch velocity decreases to tﬁe design
.jtouchdown velocity and the approach sink rate decreases
) .;to the design touchdown sink rate, -
-166 - At 10,060 ft. the landing gear is deployed in
pg 2761 preparation for landing after it has been determined
'-ﬁhat a satisfactory approach}has been established,

166 | Two concepts have been evaluated and are accéptable
pg.2-7$: to compensate for crosswinds during approach and landing:m
'_They are: the slip concept féquiring up'to approx.

}.70 of bank angle to maintain vehicle along the runway
'_fgcenterlfhe, and the decrab maneuver initiated 2 seconds

ibefore touchdown requiring up to 10° of rudder and »

o  ia11eron control inputs to offset'rolling moment resﬁlt-¥”m"'
{%ing from sideslip..

166 . The orbiter vehicle will have an air breathing

-555211' ‘propulsion system (ABPS) installed for early orbital

pg.2-56 ~development flighté 5nd~subsequent supply missions

(e.g., Mission 2). - The ABPS provide fifteen minutes -
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- loiter flight capability at 10,000 feet or alternately
lpfovide the capability to perform a go-around at the
Elanding site without prior loiter. .For early develop-

,16§8-3;77ment flight, assisted air starts will be initiated at

' 49,000 feet, the upper limit ef the air=start envelope.

L Fot supply missions, air stert will be delayee to 25,000

'.fféet, whieh will provide suffieient time during descent

u,; ; 1”5 for engine start and operational check prior to initiating~
’? the plenned 15 minute loiter flight at 10,000 feet

j altitude,

The duration of a nominal approach and landing is

“1662 ?7L approximately 10 minutes, 1If the vehicle has ABPS
pPg.4- ) :
o ~ installed the duration can increase to 25 minutes,

8.11.1 :Scene Content

8.11.1.1  Horizon

’u-," . ™" This refers to the boundary between the earth and

skyfield, It is usually rough at low altitudes, due to the"
_presence of terrain features. . . . . |

8 11.1.2 Terrain
| This includes all the visxble features of the>

L6t j earth's surface, both natural and unnatural, The land-

pg-5-37  ing strip at KSC is a 10,000 ft. x 150 ft. runway with
| :
~a 1500 ft, ov9rrun, tower, operations building, ut111t1es,

runway lighting, ILS and nav1gation aids. This runway
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will be a new constfuction'no:thwest of VAB. The pilot's

;166 . tperception of the horizon and runway in unpowered approach
.2-91 ,

pe and landing is considered to be critical in order to

166 | 4:safe1y accomplish the task, Also, upon descending

pg.2-5 4

along the 15° glideslope, acquisition of visual references
_.are required at the decision altitude (unspecified)
. (with ABPS only) such that a missed approach could be

‘initiated when these visual references have not been

‘established with the runway environment, tﬁergby |
»Afsignifying that the vehicle is not in position to execute
"a normal landing, Along the 3° slide510pe, the pilot

- aligns the vehicle with the VFR flight path.

o I 8.11.1.3 Celest1a1 Bodies
- .Same as 8.3.1.3
8.11.1.4 Atmospheric Effects
o Same as 8.3.1.5 - 5!'  { J_w'“m_;:
- 8.11.1.5 Q0 Other Aircraft
o 1!Depending on aiéspace restrlctions imposed on .

other air traffxc, such trafflc could be visible durlng B

-fmwuapproach and landing. = ... g..4:..,.______\_%-'4 R R T
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_ 8111'2. ColorA

- Colors that may be present during this phase include

A_the blue sky, the blue—green of the ocean, various shades of

green and grown from the natural landscape. White clouds may

also be present.

‘The :Category II runway lighting includes: red (e.g.,

" red barrettes on each side of the centerline), white (e.g.,

touchdown zone) green (e g runway threshold) yellow (e.g.,

. runway remainlng edge 11ghts) and blue (e.g., taxiway edge at

. phase could occur during daylight or darkness.

a-8.11.4.1 Translation o A o

intersectlon) *

. 8.11.3 1Illuminators/Non- Illumlnators

Slmllar to Section 8.10.3 with approach and runway
llghtlng and runway lights of other alrcraft belng an addl-

t10na1 example of non-lllumlnators. The approach and landlng

8.11.4 Displacements

0 Z—approach ahd landihg aititudeeﬁ 50,b00 ft.
1050 < 15° glideslope altitude = 10,000 ft.
- 0 < 3% glideslope altitude < 1050 ft.

Eye point above local horizontal = 24.5 ft. (vehicle

‘at rest on runway).

Internatlonal Civil Aviation Organization Annex 14
with Attachments Fifth Editlon May 1969
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- e o . 4e10000fT

Ground track for approach and landing to be determined (TBD) .
Flgure 8.11-1 illustrates a typlcal approach and landing

(w1thout ABPS) .

; T _ ' C Space Division » . '
N o . ' 2N NothAmencan Rockwed |

ENDOF 1 x(usmou

< I

Me08,a=50000F3

® 159 GLIDE SLOPE
NTERCEPT
‘e he10000FT
e ve 0 KEAS

Re08 b= SOUQFT END OF TRANSITION

b
!
15° GLIDE SLOPE . [}

t

PRE FLARE MANEUVER . oot .

e 1050 FEET N Baene e s
i .

p—_——

. @ PREFLARE TO TOUCHDOWN » 29 SEC
¢ ARSFEED AT TOUCHOO'WN « 160 KEAS
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4 8114 2 Rotation

166 . o .
Pg. 2-62 - -30°< bank angle =+30°

’ 'pg. 2-62, " -3° = Pltch angle < 20°

. 3-31 . ) .

|pg. 2-62 -10 % slide snp angle < 10°

Pg. 2-62 Tail scrape angle at touchdown = 1_8°'
| pg. 2-62 Nominal angle of attack at touchdown = 13°

| p8. 2-65 _ -20 = flight path angle =0

© 8.11.5 Yelocity

. 8.11.5.1 Translation

- _.|pg. 2-62, ° .
| 2=77 : 250 < velocity from 50,000 ft to 10,000 ft. -~ 60CC kts
| Pg. 2-55° 140 /: velocity from 10,000 ft to touchdown £ 250 kts

" |pg. 2-62  Design touchdown sink rate = 0 to 10 fps.

8. ILS 2 Rotatlon

1166 .Oi) B‘ é20 /sec
f pg.'2?69 0= ]qB’ LSO/SEC

01— )rB/AS /sec

8.11.6 Acceleration

‘ | ' 8.11,6.1 Translation
36 -
pg. 4-245 . 0 = acceleration < 40 ft/sec?

398.8-A




F-398.8-A .

DATE 10/20/72

REV.

THE SINGER COMPANY

SIMULATION PRODUCTS DIVISION

BINGHAMTON, NEW YORK

PAGE NO.

8-73

REP. NO.

8.11.6.2

8.11.7

Rotation

02 )by 2 1.5 rad/sec?

0 <« qu = 0.5 rad/sec?

0 {:]éBI < 0.5 rad/sec2

Assumptions

1)
2)

Same as assumption (1) for Section 8.10.7.

Same as assumption (2) for Section 8.4.7.




F.398.8-A

DATE 10/20/72 THE SINGER COMPANY : PAGE NO.  §-74

SIMULATION PRODUCTS DIVISION

REV. BINGHAMTON, NEW YORK ‘ REP. ‘NO.
8.-12' .E_se_ux_li.l_igb_t_.m@s
The objective of the ferry operations is to fly the
20 Qéhicle from oné airport fo’anothér. For ferfy flights
pg.IV-10
the orbiter vehicle will be capable of operating in and out
of éir fields that have runways equivalent to 10,000 feet long
and 150 feet wide at sea level and 13,000 foot runways at
4,000 foot elevations. The orbiter will be capable of taking
166 6ff and landing on such runways, allowing for hot day tempera-
pg-.%”zv"‘t:ure, wet surfaces, and specified wind cohditions. fﬁe orbiter|
“will be able (via six stops or aerial refueling (technique
--ﬂot specified)) to»perform ferry flights within the continental
F:ﬁnitgd Statgs‘from East Céast.to West Coast, and from point
: éf fiﬁal aésembly to test and launch sites.-
EAf Fér ferry flighté‘the ABPS system will consist»of the
166 - - - orbital module piﬁs two additional enginés for a total of four
Pg~3'75‘ air breathing engines. The‘orbiter will be capable_bf main-
20 - taining™ievel flight with one engine out at 10,000 feet
pg.IV-21 : . , . . o L _
166 ~altitude or higher. In the ferry configuration, the orbit
) Pg.z-s§f manéuvering system:pods including aft RCS modules are réplaced
_with aero fairing. T
1663 32' | During the ferry/horizontal flight tesf configﬁratibn,
pg .o~

the landing system is capable of drift landings with peak
ground wind speeds of 35 knots from any azimuth. The ferry

configuration also is used to conduct the horizontal flight

test program.
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8.12.1 Scene Content

~ 8.12.1.1 Horizon

 strips are prominent during takeoff and landing. Also, visual

.. references near the landing strips are required in order to

~only be visible durihg night_ferry flights. - The sun also-

casts shadows.

- refueling or prebe/drogue will.be'determined. The belly
““lights of the tanker aircraft, ;o determine relatlve position,
"~ and elther the "basket" light for probe/droéue -or the tanker s
_.boom for boom refueling'a;e predominenc,_ Also, eepending on
"airspace imposed on other aircraft traffic, such traffic couldi

be visible during ferry flights.

The horizon wiil appeér.rough due fo the presence
of terrain features.
8.12.1;2 Terrain
This includes all the visible features of the earth'

surface, both natural and unnatural. The various landing |

determine whether a missed approach should be initiated.

8.12.1.3 Celestial Bodies

These include sun, moon and stars. The stars will

8.12.1.4 Other Aircraft .

_fThe‘in-flight refueiing technique, either boom

¢ i

8.12.1.5 Own Aircraft ' ' L
1f probe/drogue is thevselected‘téchnique for in-

flight refueling, the probe will be visible.
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3.12.2 Color

Same as 8.11.2. T
8.12.3 IllgminatorsLNon-ILlumiﬁators-

In addition to 8.11.3, the tanker's belly lights are
én additional example of non-illuminators. If probe/drogue
technique is used the ''basket' light and the probe light are

. additional examples of illuminators. Ferfy flights could be
conducted during daylight or darkness.
8.12.4 Displacement | .
'8.12.4.1 Translatioﬁ
166 fefry range = 400 n.m.
pg.2f62 ‘ _ :
& . maximum altitude > 10,000 ft.

- pg.1V-21

8.12.5.1 Translation

~- - - Eye point above local horizontal = .24.5 ft.
(vehicle at rest on runway) .
8.12.4.2 - Rotation L

Same asl8.11.4;2. N

Seere, .

- 8.12.5 Velocity

1 : ‘ i

. S e o g A e o - - P U

Vmin is defined as minimum 1iftoff speed at tail-

—scrape altitude for the heaviest ferry weight configuration

without ground or thrust effects (see Figure 8.12-1).
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-

-8712.6- ‘Acceleration

- 8.12.6.2 Rotation
B o i y
"8.12.7  Assumptions , L }“'i'T”; Ty }'“f"”““

" and landing 1is equivélent to the orbitér's”fotation‘capability;

landing portion of the ferry flight. Rather the conventional

o) e | KOSE VHEFL LIFTOFS —] 2 ——I TAVTOFF SUMVAY LENSTH | oy

BISIGN IUNAAY LERGTH « 100N F T
9 PR Stk gl biindfihips s eliougiahey
=
] SSEALEVLL OT LAY (:010tG S| % ’
= waxdy lovesnt - 2103 K080 P g
: sl 127979 o $FITI M QU ENCINED s . hd .
Q e CG-d6lL =] ( 0
-
5 : s
S. '
- - 8 = -
= H z
o * =
2z . - 5 >m
S-nL o .9 ef z il
- s 5 - 3 a2 ~13
S 22 21S A - v >
< Sis £13 212 > Zo o
- >|- =32 =z < v ~
L) - bt 1Y >2 ;13 ; = Ji= pz -}
-la “l, » =]
- ~ H N 2 13
cle s 2 -
L] gt P | ‘1 o 1 B | [
180 ESY 222 wo 0 EE)

NOSEwHEEL LIFTQFF v‘m.ocuv w018 TAKEQFF VELOQITY (KKDTS)
- Ferry TakeoffPerformancé Attained
Figure 8.12-1
- Maximum velocity in flight = TBD

8.12.5.2 .Rotation

Same as 8.11.5.2.’”

8.12.6.1 Translation

_ To be determined.

Same as 8.11.6.2. .. . ...

1) The orbiter's rotation capability during approach

during the ferry phase.
2) The 15° glideslope will not‘be utilized during the

3% glideslope only will be used.
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3) Same as assumption (1) for Section 8.10.7.

; L ....' I
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9.0 Cue Requirements

Aural simulation constitutes an important adjunct to
providing the astronaut with a comprehensive spectrum of sensory
indications relating to the operational performance character-
istics of a flight. It has been shown that under certain

conditions the Pilot can detect a change in an opsrating

 parameter from the resulting change in the sounds before the

condition manifests-itself in eny visual indication or
proprioceptive'cue. An aural cue simulation subsystem is re-
quired ih the SMS toAprovide real-time.simulation of the.aétual
acoustical environment with sufficient scope and realism so that
the crew in training is supplied withAaural éues which aid in
th accompllahmnnt of cr1tica1 management tasks. The aural

cues are restrlcted to those cues which relate dlrectly to
important space shuttle management procedures.

. At the time of this study, sufficient-data are ﬁot avail-
able to orecisely define the sounds which would provide aural
cues to the crew members. Only when the frequency.range and
decibel level of the various system noises are determined can
an evaluation be made of the aural cues required in the SMS.
Baséd on reference data currently available, the fbllowing is a

general description of the anticipated sounds which would pro-

vide aural cues to the shuttle.crew.
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9.1 Propulsion Cues

Aural cues will be generated by both liquid fuel and solid
rocket engines. The noise cues are broken down in the following
paragraphs by each originating source.

9.1.1 M=2in Rorket Envires

The main liquid fuel rocket engines have sounds
associated with burning, to include rough burn. The engines are
throttlableover a range. However, the noise level will only
decrease one-half of full volume when throttled. Although
the engines have both fuel and oxidizer pumps, it is doubtful
if these pumps would be heard over engine ignition. Tﬁere are
three main engines to be simulated, each of which may be
started at a separate time. Prior to start and post firing,
metal expansion and éontraction noises are expected. Prior to
reentry the main rocket engines will be purged of residuals with
inert gas. This purging operation will probably be heard as a
muted gas expansioﬁ.

9.1.2 Solid Rocket Motors

o There are two 156-inch solid rocket motors which will
produée thrust sound and vibration. Thrust level of each SRM
i§ épproximately 3.5.million pounds. Start-up and shut-down

transient noises are not required from the nature of the SRM

burning. Upon thrust termination of these motors, they will be

separated from the orbiter and tank using auxiliary rockets.
P g y
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Noises associated with rocket firing and burn should be audible
to the crew. Mechenical noises associated with separation
should not be heard over the separation rocket noise.

8.1.3 Alrkreathinz Engines

The airbreathing engines are ctoved intcrnally in the
shuttle vehicle prior to engine start. A door cover thusp and
hydraulic actuator sound will accompany engine deployment.
Cnce deployed, booster pump whines and a hydrazine explosion

" will be heard during enging start. Following start-up, a
‘turbine whine will build‘up to run lével and cohtinue untii
shutdown. During airstart, this whine will also be heard. At
this time, it is assumed that the jet engines will have thrust

‘reversal capability and the accompanying noise.

9.1.4 Abort Solid PRocket Motors

Two solid rocket motors attached to the orbiter aft
bfuselagé provide the rapid start and-high thrust necessary to
accomplish orbiter separation from the booster, SRM's and

- external tank in the event of an abort between 0 and 30 seconds.
. fhe rockets burn for approximately 21 seconds with an average
thrust of 385,000 pounds. Ignition, burn and shutdown sounds

'will be associated with these motors. It is assumed that these
rockets will be jettisoned by explosive devices which require

a muted thump cue. In a normal mission, the motors will be

 jettisoned unused 30 seconds from liftoff.
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_to determine the metallic sounds to be simulated and the shock

“associated with radiator deployment, door mechanics, and the

" orbiter nose section and each of the aft OMS pods. The jets will

. radiator deployment and retraction, manipulator mating and

~ stowage, and payload mating with external vehicles, ‘or return

9.2 System Equipment Cues

 The deployable, external fuel-oxidizer tank would create
‘noises associated with pyrotechnic line separators, fuel and
oxidizer venting prior to separation, and separation system
pneumatic and mechanical thumps.
Reaction control thruster jets provide attitude control
and three-axis translétional capability during orbital and

entry phases of the mission. The thrusters are located in the

Eause a thump souﬁd on activation, identifiabie és to direction.
Docking sounds are required for the mechanics of door
vopéning,wdocking riﬁg éxtension,»mating, locking and the'
pneumatic shock absorber system., More definition is required
"~ absorber pneumatic sounds.
The sounds associated-wiéh-ﬁhe éayioad area and payload
deployment involve the iatching and unlatching of payload

doors, payload and radiator units. Hydraulic sounds will be

- payload manipulator. Various levels of mechanical matings

(thumps) are associated with the door opening and closing,

of payloads to the payload bay. Emergency jettisoning of the
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manipulator would create noises associated with pyrotechnic

 separators.

The electrical generators operating off the APU's will
broduce a 400 hertz hum. This will probably appear as a back-
ground noisze. There will be an increased level of DC electrical]
motor sound during payload door opening without APU hydraulic
powef. The APU will have an explosive start-up sound with a

12,000 hertz run mode background noise. There are three APU's

" which may be started lndependently.

Fuel cell venting from two or four units will be heard

as pressure builds up to trip limit. This sound will probably

. be a pop (valve opening) followed by an air hiss

Environmental air-conditioning sounds heard when the
cabin is pressurized will be valves popping - high pressure air
release - and air pressurization or evacuation during EVA/IVA

activity. The volume of sound will be dependent upon air

" density.

The aerodynamic control surfaces should generate a

hydraulic motor hum when driving from onme position to another.

-In atmosphere, an aif flow noise should be generated which is

a function of dynamic pressure and the amount of total surface
deflection.
Deployment of the speed brakes by the hydraulic system

should create a thump. An air flow noise 'should be associated
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with the speed brake while deployed in the atmosphere. The air
flow noise intensity is variable as a function of dynamic
pressure.

The drag chute system should cause two minor sounds; a

o

- thump on oponing of the drag chute container syztem and a

‘second thump on opening of the main chute.

9.3 = Aerodynamic Cues

Aerodynamic control surfaces will create aural cues of
wind noise, turbulence and buffeting. During reentry phases
it is expected that metal expansion and contraction will cause
various popping and cracking sounds.

9.4 Caution and Warning Cues

The caution and warning system is largély undefined at
this time. It is assumed that the system will parallel existing
space and aircraft systems. The caution and warning system will
provide a means of monitoring critical parameters. In the event

of an anamolous condition, a tone will be generated in addition

- to-a light identifying the problém area. Other standard cues

for warning, emergency fire and rapid loss of pressure are also

required.

9.5 Landing Gear Cues

The landing gear system will have sounds associated with
the gear doors opening and closing (hydraulic cylinder activa-

tion) . When the  gear door begins opening, an air noise should
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be generated. The volume would be dependent upon air density.
A mechanical thgmp would be associated with the gear door
opening or closing. The gear deployment and retraction will
create sounds associated with hydraulic motor activation. When
the gear is fully extended or retracted, a mechanical thump
should be heard. 'Noiées will be connected with OperationAof
the beakes. Noises would also result from tire vibration or
woBble at high speed and tire contact with the runway on landing

9.6 Malfunction Cues ) A

Aural cues may be associated with éome malfunctions, e.g.,
engine failure would result in a decrease in noise level nor-
"mally heard. When subsystems have been selected for the space
’shuttle,Apotential system malfunctions will be identified. Once
identified, an analysis should be made of thé relaﬁiénshiéubfm

audio cues to the identification of the malfunction.




