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The training requirements for crew-training is self-evident due to
crew safety considerations and the cost-effectiveness of the usege of a
simulator rather than the STA or the vehicle itself. The training of
ground personnel (MCC) has to be accomplished and using the SMS is cost-
effective since the same training device will provide training fou both
crew and MCC personnel for a modest increase in the SMS cost. The
booster components of the Shuttle System are required for simulation due
to the fact that the Orbiter Vehicle provides the GN&C for the Boost
Phase of the mission, the Main Engines are an integral part of the vehicle
itself and the transition to aborts would be difficult if not impossible

since the same on-board computer is used for both mission phases.

o - )
: i o
_ . — JERNS S S, N PR S .
: ! : : . | : ' : Lot ; ; : ’
— | B SN NETED UL SN I ikt : PV S E .o Nt o e ..@l. B L S ESETE AT ; TR
' ! . i I 1 i i - H .
i | i . i
L }_J-_L SR WU ORI IRV SOV N SN FUUOY SO S 1_TWJW_;“¢UV;_¢.J_QL# .
T T Ty T AR T
S S S I DI N SO NS N U N DU RO A oo b
: ; i S TR BV S o T SIS PR L ,
AN S Coo v -
——— e et e e R e et e '
, i I . H H ¢ i i : H .
i o N O T R pooos f i )
.. 4 e S s U NN S S AU
. ! i | i | ! ! i :
]
i
. i
1
1 )
- - i 1 RS e = R - .




F-398.8-A

e

DATE 12/22/72 THE SINGER COMPANY

PAGE NO.

ness of the program elements become clearer.

and NR schedules in the Crew Station definition area.

effort from both a chronological viewpoint and a functional v
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2.0 Scope
The four primary tasks defined form a logical division of the

iewpoint.

The WBS breakout was selected to provide sufficient visibility
to NASA without creating costly reporting and monitoring requirements.

Modifications will be made to this structure as cost and the critical-

The program milestones were based on current NASA programming




r———

DATE 12/22/72 THE SINGER COMPANY PAGE NO. 3=]

CS{MULATION PRODUCTS DIVISION

REV,

ﬁ g/%g/; BINGHAMTON, NEW YGRK S ' REP. NO.

F.393-.8-A

~(i.e., no rear visual) were acceptable.

ander’'s wing panels. To cover this possibility and any growth of
‘responsibility the Mission Specialist and Payload Specialist's seat

: positions have been included in the MBCS. . ‘”;M“ff;__;w_hwa,ﬂA

REPRODUCIBILITY OF THE

3.0 General Requ irements ORIGINAL PAGE IS POOR

3.1 Per formance

The selected counfiguration is based on six factors, namely:

1) Motion Cues are required for crew training in aerodynamic
flight.

2) Contemporary motion systems are not capable of supporting a
full visual system and the cockpit.

3) For boost and boost abort transitions to aerodynamic flights

sustained logitudinal acceleration is a highly desirable training

feature which could not be accommodated even if a limited visual system

4) The vehicle design philosophy is to isolate crew activity
. {
between the front .and rear stations. However current NR data indicates

that the Mission Specialist may have duties associated with the Comm-

' t

5) - The quantity of training equipment requirement required is

minimized by this division of crew stations and while not an absolute

minimum, it provides less risk than the previous approach. A i

¢) A high degree of fidelity is provided for orbital training
in the FBCS.
The HITS will support the horizontal flight tests which relieves

the need for the SMS to suppnrt the HFT phase of the programﬂ Conver-

i + . + L i ? . ]
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sely, the HFT phase overlaps significantly the VFT phase. Current NR
schedules call for the rear crew stations to be incorporated in the
orbiter to support the eight vertical‘flight. |

The design of the SMS has as its goal a versatile training de-
vice capable of training crew members to the required level of profici-
ency in all phases of the Shuttle mission. The éimulator consists of
two crew statiomns (a Fixed Base Crew Station and a Motion Base Crew
Station) which can be used for training simultaneously. Different
training exercises can be practiced in each section simultaneously on a
non-interference basis except for entry, ascent, 1aunch aborts, and
approach and landing. Since motion cues are deemed necessary for
aerodynamic flight, the MBCS will be used primafily for this type of
training after both crew stations are operational. The FBCS will be
used primarily for orbital work for the same reason. A backup capabi-
lity exists in case the MBCS is out of service or in case miszion

=]

rEquirements while integrated with MCC call for four man participation

el —
-r

for the FBCS to perform aerodynamic tralning To reduce cost equlpment
“'unique to the aerodynamxc flight regimes will be time shared between
crew stations. With the SMS equipment spec1fied crew members and ground

personnel can be trained in basic system procedures.and flight operation
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4.0 Program Management

For the most part, this paragraph is standard Program
Management requirements very close to the SLS requirements.
Major differaences are the post-acceptance modificaticn effort which
is required due to the concurrent design of the simulator and
spacecraft.

The level of effort man-power requirements is to equalize

the competition since the change activity cannot be predicted.
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5.0 PROGRAM CONTROL REQUIREMENTS

NHB 8040.2 and based on Skylab experience.

The controls specified are in compliance with the intent of

Due to the short schedule

the incremental PDR(s) and CDR{s) are required to all long lead

items to be procured and manufactured within the program schedule,
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6.0 Technical Requirements

6.1 System Encineering Requirements

The documentation requirements are consistent with the intent
of NHB 8040.2 and the experience gained in the conduct of the Skylab
Simulator programn.

6.2 Design and Development Requirements

6.2.1 General Design Requirements

All of phe requifements identified and specified under this
heading are standard simulator type requirements normaily defined in
specifications such as the following:

MIL-T-9212B (USAF) . Trainer, Flight Simulator,

Aircraft, General Requirements for
~MIL-T-23991C : Military Specification,Training

LT Dev1ces, Mllltary General

C o ' I ' T
%“‘%_wa,ﬁ‘ o TR Requxrements for . -
1

- S

3 i i I

MIL T 82335A (TD) - f Mllltary Specification, Trainer,
Fiﬁed Viing, Flight, General

E Specxflcatlon for T

These requirements are ail commensurate w1th-th;7intended-

application of the training device. The specifications mentioned above

were used as a guide in identifying and specifying SMS requirements.
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6.2.1.2 Facilitwe Interface

6.2.1.2.1 Product Conficuration

The layout requirements for the simulator crew station, 105 and
visual syctems are based on NASA planning. The requirements in the
equipment room, maintenance lab. and office area are based on tho fogu

3

that the SCC will bLe in louston during the program and on-site orysouane

poT

will have to be quartered there to maintain it and inmstall and checkouty

6.2.1.2.2 Power

The types of electrical power were chosen because they are
available at the site and easily utilized. |

The National Electrical Code shall be used extensively in
additic.s Lo Lest comaevelal rractices.

6.2.1.2.3 Air Conditioning

Degseribes air normally supplied to Bldg. 5 by NASA.
Supplier to stipulate Vol. & Cooling to permit NASA to verify

adequacy of existing system or to plaen for modifications.,

6.2.1.2.4 Facility Layout
Reflects arrangements planned by NASA and defines the space

for contractor layout.  Permits NASA to éstimate complexity and cost
of Bldg. modifications required, and to coordinaté building utilization
plans. = S O SO SO
FIG 6 2 I shows dim detalled info - Plan |
FIG. 6.2-11 shows detailed elev., view of SMS ateam

FIG. 6.2-I11 shows overall (N&S) Bldg. afrangement'fof
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Desicn and Construction Standards

Refer to Section 6.2.1.3.
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6.2.1.4 Software Desien

6.2.1.4.1 Similator Svstem Software

It is essential that the task structure be carefully evaluated
to ensure the efficient use of the resources of the GFE Computer Complax
is made. Otherwise, the situation could arise where the simulation task
requirements cannot be met because of excessive core and/or execution
time éonstraints.

The choice of Computer Languages can have a direct bearing upon
the development schedule and man-hour requirements as well as in the
operational phase. Another area of impact is the fidelity of the simu-
lation software as changes.are made and incorporated. |

In orxder for configuration cohtrol of the simulakion software
to be reliable, full use of the GFE operating system facilities must
be made. This is especially true in the case of éource program up dates
and load module creation. The support software must be as flexible and.

reliable as possible.
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6.2.1.4.2 Simulated Shuttle Systems Software

6.2.1.4.2.1 Structure

The Shuttle Mission Simulator is expected to consist of:
1) A MBCS and,
2) a FBCS

3) Instructor/Operator Station separate for each plus

an optional inmstructor jump-seat location in (1) above.

' The training stations will be capable of independent

part task training, as well as integrated training with the Mission
Control Center

6.2.1.4.2.2 Training Confisurations

- The training instructor/monitor should have the option

of‘selecting'the load configuration from the options available.
6.2.1.4.3 Modifications

_ A well-known problem is the conflict %n computer requirements between

training and modification requirements with training usually taking priority due

to schedule éoﬁﬁifﬁénfél"-fhéughét%¥{ed systgm_ﬁou]d allow modification develop-

ment in parallel with training and, in some cases, simultaneously without conflict.

The development modules would reside in mass storage and be loaded on-Tine on a

non-interference basis with associated driver programs. After this stage of

_development (e.g., checked out with drivers for all modes of operation), the

modification modules could be called into the training load and,

on acceptance, become'part of the operational training Toad under configuration

~control. The driver modules should also be available for diagnostic checkout

for both hardware and software - especially for verification of the various

integrated/non-integrated modes.

: : i , .
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2.1.4.4 Sirularor Modesg

The simulator modes allow initial action of each training problen,
operation urder ihese initial conditions in real time, slow time or step-ahead
as reguired for training and freeze or holding the problem at computed valucs to
allow instructor participation in discussions with the trainee without distraction
of the trainee from the simulation.

2.1.4.5 Training 'ndes

The Simulator will be required to participate in training exercises
with the mission control center in conjunction with other computers and

simulations. This mode is at the users option.

2.1.4.6 Telemetry, Digital Command System and Traijectory Interface

The interface is dictated by mission phase requirements. Formats and
data rates are established by existing equipment. Any change to this existing

equipment is expected to be for the purpose of modernization to imhrove reliability

but will have only minimal impact on the simulator requirements.
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6.2.2 Work Breakdown Structurc/CEI Orsanization

The WBS breakout was selected to provide sufficient visibility
to NASA without creating coétly reporting and monitoring requirements.
Modification will be made to this structure as cost and the critical-
ness of the program elements become clearer.

The MBCS and FBCS specification trees are based on the currently
identified equipment and software recquirements of the SM5. Many of the
elements of the FBCS end items will be minor modifications of the end

items of the MICS particularly in the software area.
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6.2.3 Crew Station Requirements

6.2.3.1 Crew Station Hardware

6.2.3.1.1 General Description

This section describes the physical constraints of each (rew
Station configuration imposed upon them by the motion system and visual
system characteristics.

6.2.3.1.2 Cockpit Envelopes

This section describes the parameters for the crew station
size.
6.2.3.1.3 Lighting

This pafaéraph emphasizes reproduction of vehiele lighting.

6.2.3.1.4 Interior Fidelity

This section itemizes the crew station content as being

replicas of the actual vehicle.

6-2.3.1-5 ngressf'ﬁ:gress e e— e

This section establlshes the requ;rement for docrs and escape

hatches in a general fashlon to preclude unnecessary constralnts on each

sectlon conflguratlon. B S S Bl

f E—
[

6 2.3.1. 6 Env1ronment '”f'{""%

Thls sectlon reflects norndl air. condltlonlng requlrements
which can be readlly acn*eved with a standard air condltloner equipped
with heaters to achleve a comfortable envlronmcnt It further precludes

inadequate ventilaticn by permlttlng eddltlonal outlets.

6.2.3.1.6.1 Pressure Suit

Pressure suit requirements have been deleted.

P ;‘._‘_., P 'r._.m!.__.. e o ,[
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6.2.3.1.7 Stowage

6.2.3.1.8

Lavouot Model

timely manner.
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trirming of the outer lines to less than actual spacecraft lines if

the excess is devoted to stowage.

This section addresses the itemized content of a mockup to
identify and evaluate the proposed configuration in an economical and
It further defines the intent of the mockup as a non-

transportable model, i.e., intended for in-plant evaluation only.

This definition is general and primarily added to permit tho
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6.2.3.2 Controls and Displays Hardware

The decision to use flight hardware as opposed to simulated
hardware must be made on an item by item basis.

The use of flight hardware requiring complex hardware interfaces
should be évoided.

Trainee and instructor station controls and instruments should
duplicate the static and dynamic performance of the design basis orbiter
vehicle in accordance with design data and tolerances specified by that
data. Instrument oscillations, rates of change, and lags experienced
in the operation of the design basis vehicle should be included in the
SMS indication responses. : |

(Refer to Simulation Techniques Study, Section 2.0). Tolerances

L

can only be approximated at this time since they are chosen as a func-

tion of actual spacecraft egquipment tolerances.

VI U RS SR

Cakde
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6.2.4 Instructor-Operatoxr Stations

‘The simulator complex for the SMS consists of two training

devices. The training devices are: a motlion base crew station (MBCS)

and a fixed base crew station (FBCS). The MBCS would permit mo'nit:or:'mgf_,i

of training exercises for all phases of the mission except docking i
payload handling. The MBCS would be used primarily to train the
Commander and Pilot. It would also be used to train the Mission
Specialist and Payload Specialist in those duties required to assist
the Commander and Pilot during the Launch deorbit and landing phases
of the mission. The MBCS would be mounted on a six degree-of-freedom
motion system capable of tilting the simulator to a vertical launch
position. A.visual system capable of displaying the scene as seen from
the forward cabin is also a part of the MBCS. The IOS for the MBCS

is designed to be manned by two instructors. However, during training
exercises involving one student, only one:instructor is required.

The FBCS would provide imstruction for all phasés of flight

associated with sﬁace and aerodynamic operation. The FBCS would be usec

to train all crew-pdsitiops‘inglpding the 0MS_§ﬁatiqn;. The FBCS would
be mounted oﬁ a fixéd baée and contain a visﬁalisystem‘which would pro-

vide tbe views seen from the forward cabln w1n§ows and the cupola wiwjow
pecause of the number of crew positions to be trained on the FBCS, the

105's would be designed in mcdulor form. The FBCS I0S complex would

consist of the following IOS modules: Commander and Pilot. Orbital

S .




F-308.8-A

DATE THE SINGER COMPANY PAGE NO: §=-1

12/22/72 S IMULATION PRODUCTS DIVISION . 2

REV. 3/23/73 BINGHAMTON, NEW YORK REP. NO. ]
B 6/22/73

Maneuvering Station, Mission Specialist and Payload Specialist, and
Telemetry ‘Station. The Telemetry Station I0S would be shared by both
the MBCS and FBCS. | |
The design of the simulator complex would be such that
training exercises could be conducted simultaneously on the MBCS and
FBCS. The FBCS would provide training for all crew positions. Train-
ing could be conducted individually at each crew station, but not at .
the same time, and collectively for integrated crew tréining, or

mission rehearsals integrated with MCC.

The Commander-Pilot I10S would normally be manned by two instruc-
!

tors. When training was being conducted for one trainee, only one

instructor would be required. The remaining 10S's would be manned by

o

one instructor each.

Each IOS contains the necessary controls and displays to set up,

_ control and monitor all simulated training exercises. Instructor

‘functions are implemented through intelligence received from repeater

-

indicators, CRT display units, TV monitors, and simulator peculiar

controls. | e

'Repeater indicators will be reserved for basic flight instru-
'meﬁtg (e1g.,‘flight DirectofwAttitﬁ&éaIndicator, HoriéqﬁtalASituation‘

Indicator, Airspeed/Mach Number Indicator). The instructor will also

be provided the capability to menitor CRT displays at the crew stations,

-
.
i-
'

i

T

1

]
[
1]

|

7

PP R— RN S ——————



F.398.8.A

e

DATE THE SINGER COMPANY | PAGE NO. -
lzgigéz?:} SIMULATION PRODUCTS DIVISION ‘ 6-13
REV. B 6/22/73 B INGHAMTON , NEW YORK S REP. NO.
C 12721773

Provisions are also made for the instructor to monitor the visual
scenes presented at the forward cabin windows and the cupbla windows.
CRT display/keyboard units at the I0S will permit the instructor to
monitor and record the trainee's performance. Through the CRT display/

keyboard unit the instructor will be able to monitor the following

functions;:
a. Event Time Monitor
b. Panel Displays (excluding those provided by dedicated
displays)
c. Energy Management Predictor
d. Malfunction Insertion and Display
e. Circuit Breaker Status
f. Crew Station Setup Verification
g. Active Malfunctions and Tripped Circuit Breakers
h. Mission Parameters and Summary Display
i. Interface Data Stream and Telemetry Monitoring

3. Enroute and Approach Display B

; \ . . :
L S AU Y PO DA

. 2 - - : : .
k. In-Flight Refueling Display * ' ol
| SERE L B External Environment Display. - T T T T o
m. Simulator Reset Display

% Not a present Shuttle Requirement. T

!
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r. Simulator Status Display

The instructor is provided with all the switches and controls
necessary for the safe operation of the simulator and its associated
systems. The instructor has at his disposal the capability to "“frecze"
the simulator at.any time during the training exercise, and to restoart
the mission from that point. In addition, the instructor can advance
or "back-track" to any position in the training exercise. He can
also reset the simulator to any one of the 20 reset points.

Each instructor has located at his position a voice'COmmunica->
tions terminal which allows selective voice communication within the
simulator complex as w2ll as aszociatcd support facilities.

In addition to the I0S's which are located external to the
simulators, é one-position I0S is located within the MBCS. This
station congists of a portablé seat which is installed prior to those

t
missions requiring Mission and Payload Specialist. The seat is located

'in the center of the cabin, just aft of the center_consoié. The

instructor is also provided a portable control box which permits

limited control of the training exercise.

Locating an instructor at this position places him at a location

where he can observe the trainee's performance more closcly than is

possible at thc conventional instructer station. At the latter station

thro insizuctor cannot observe the false starts assocliated with the

trainee's performance. Being in the cockpit, the instructor is on the

SIMULATION PRODUCTS DIVISION e eare
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scene to provide immediate instruction when required. It is anticipated
that this instructor position would be used during the early phases
of the training program for procedural training, or at any time for

remedial training.

: :
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6.2.5 Ancillarv Equipment

6.2.5.1 Aural Cue System

The best approach to vehicle sound simulation at this time 1is
a computer controlled real time acoustic effects generator. Its initial
cost is relatively low compared to other techniques. Modification and

updates will involve primarily only software changes. In addition,

6.2.5.2 Simulator Power = Bardware

The simulator power interface must first of all be compatible
with the capabilities of the installation site,

yThres phose pewer loads should be balanced,

The power distributioﬁ éhoﬁld bé desigﬁed~w£th'oﬁ-off sequenc*-
ing and interlocks to prevent damage to equipments and to insure the
safety of operating personnel, ; |

Shielding and grounding systems should be designed to minimize
inCErnal system noise and to insure safety L .__j_ L_‘ R

! i } i i i 5 i N ; :
Bonding should also be provided - ?“?“ﬂ”“ﬁ*f““?‘”“”? T

e b e

Filters and other noise suppression elEments should be con-

gidercd in the design to minimize EMI problams,

6.2.5.3 Central Timing lnuipuonat

Fe

NASA supplied time signals’ are required in order to maintain

systems coordination and synchronization. In non-integrated mode, these

signals are provided by the &S CTE to allow stand alone operation. Al

RIS S SRR | | B
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systems shall key on these signals to prevent time related events

from becoming misaligned.

6.2.5.4 Hydraulic System Hardware

This paragraph is inserted to specifically define the area
reserved for the hydraulic pump, etc., and emphasize the room sharing
essential for future installations.

6.2.5.5 External Signal Interfaccs

Specific $MS interface reguirements which have been identified
are the SMS/GSSC computer interface, the Central timing equipment
interface, and the voice communications interface.

Interface requirements with other control centers are not known
at this time. Interface with another center could be accomplished
either through the GSSC data link or by telephone data line to another
computer installation.

| Under the current concept of &MS8 crew tralnlng, the I0OS shall
prov1de all GCA and ATC functlons. No external 1nterface regquirement
ex1sts for either of these functions. .. - mm~¢~~-~4ww-wi~~~~fw~gwn—

. . 1 : . . jn

“i'" The lnterface requlrements and defrnltlon of tasks between the

'

51mulators 1n Bulldlng 5 and the Ground Support Slmulatlon Computer,
V(GSSC) is given by document "GSSC-604 Ground Support Simulation Com-
puter Program Specifications - FCT Interfaces. Thls document should

‘be used as reference only for a typlcal ICD. Any or all 1nformat10n

in the referenced document is subject to change.
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6.2.6 On-hosrd Computers

6.2.6.1 Dntn Processing & Software System

6.2.6.1.1 Fidelity

data and telemetered data responses are extremely realistic for both
displayed value and time response to interface signals, commands and
switching logic, and simulater moding. Both the short period and long
period accuracy of the simulation must be very high to maintain aﬁtro~
naut confidence in the simulated system and avoid negative training

in the usec of the system., This will be particularly tfﬁe during M.C.C.
i{ntegrated mission training where outputs of the ground computer system
are compared with the calculations made in the simulator. Hence the
requirement for use of actual OBC flight programs, and an accuracy no

less than thit of the actual on-board computers.

1

N j

. Ce . . :
' ! ' -y
. . H i 1 T - ! 1 i “ +
, - [

6.2.6.1.2 GFR Integration . .

i i, 4 -las a minimum, the actual crew station display and comtrol

~ equipment should be used in the simulator to ensure high fidality dis-

1f actual real world computers are to be used in the simulator they

must inforfocr with the display, control, and mass memory equipment

and also must interface witl i wrin sirslsotion eo-puter complex.

6422473 S

play and control. This should include the dual redundant mass memories.

The simulation of the Data Processing & Software computer sys-

1

tem of the Shuttle Vehicle is required to the level that all crew displéy
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6.2.6.1.3 Flight Software

ﬁse of actual OBC flight software is a necessity for reasons
- of simulation fidelity‘and to evdid delays inherent in the functional
simulation software deveiOpment and test/verification processes.
6.2.6.1.4 Loadiﬁg . |
If real world on-board computers are incorporated into the
SLﬁulator,ithe loadlng can be accomplished using the same mass memories
and tapes provided in the real world, with a minimum of tape editing.
(This-assumee tﬁat therBC programs are to berreloaded_in flight as a

training procedure.)

1f a translative or interpretive approach to the simulation
is mechanized, the tapes will require editing and/or preprocessing to

enable their use. .. . o .- . l-.h

6.2.6.1.5 Moding

The simulated OBC must interact with the simulator mode
. ¢
functlons w1thout degradatlon B ffwémregiwﬁdrldAOBC'is ineorporated in
the SMS special interface hardware, 1nterrupt generators, wlll be re-

quired Interrupt handllﬁg software will also be required to be added

_to the OBC software for theee special functlons;—~r -
T o i TR T OO VOO S O &

6.2.6.1.6 Update

g T e T S e e el

~1t-is anticipated that software changes to the
DP&S OBC programs w111 occur with’ verf_spdrt_rdtice:“ Iherefore, the

. 1 . !
requirement for use of real wcrld software is imposed. - In conjunction

e e S

with this, the 51mulator coftware should be capable of being rapidly
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updated and reverified, and anyvequipment or software required to
expedite this operation should be provided.

6.2.6.1.7 Diasgnostics

If real world computers are incorporated into the SMS,

diagnostic software is required to verify its performance, isolate

equipment where applicable.

6.2.6.1.8 Interface

This equipment is required to the extent necessary to
interface GFE OBC hardware to the GFE main simulation computer and
GFE control and digplay equipment,

6.2.6.1.9 Debugging Tools/Equipment B PSRRI
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12/22/72 SIMULAT[ON PRODUCTS DIVISION . 6-20
REV. 3/23 / . . BINGHAMTON, NEW YORK I REP. NO.
R 6f22 ’

malfunctions and minimize the time required to repair. These programs

should also enable test of interface, peripheral and control display

Lo

Debugging tools and equipment and any special test equipment

should be provided in conjunction with diagnostic programs to minimize

. !
time to repair OBC hardware. S T A A

< : [ ]

6.2.6.1.10 Sznchronization : 'f““%“{ 'i é”"{ : - f

! o f : e
o .f ? |

T1me synchronlzation is essentlal for operatlon of all

’ simulator clocks and MCC clocks to minimize errors between the trajectorx

——— e R - - — — e ———— PR RS O S m——— e | . - 3 R

calcuatlons in the vehicle and on the ground
) . . #

6.2.6.1.11 Reset f'-_‘:,Eii;‘g,E,;;

i
i

The reset function in the simulator is provided to enable

" rapid return and restart at'mission time points where extensive

. Mmmmm e i e e T U o .

[_"training 1s required while skipping over time period of low activity,
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e.g., sleep periods - for the on-board computer, the reset function

should also be synchronized with the main simulstion computers to
avoid errors in the trajectory calcuation,

6.2.6.1.12 Redundancy Requirements

The Astronaut should be able to select the active and stand-
by GN&C computers, and switch to the Backup GN&C computer and
realize the same effects as in an actual flight.
The requirement to simulate redundancy effects occurs in
conjunction with the requirement for simulated malfunctions to train
-in all backup modes of 09craﬁion.

6.2.6.1.13 Simplated Malfunctions

Simulated malfunctions should be chosen based on failure
analysis of real world equipment coupled with the desire to train the
astronauts in all backup modes and highly eritical procedures to ensure

their safety in the real flight.

' e BEPRapE -
S @m@mﬁgclmmy oF
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6.2.6.2 Main Enzine Controller and Interface System

6.2.6.2.1 Fidelity

Each of the three Main Engine Controllers consists of:

a) triple redundant input electronics

b) Double redundant computer interface electronics

¢) Double redundant output electronics

d)‘Double redundant power supply electronics

e) Double redundant HDC-601 digital computers with a 12K
word 16-bit plated wiré memory. These computers are space rated
versions of the Honeyweil H-316, DDP-516 computers. |

Each Main Zngine controller interfaces with the orbitor
aviouics through a IMHZ serial digital command and response data
transmission system (3 buses per engiue) plus an additional data path
{2 buses per engine for recorded data and telemetry.

The sitnulation of the Main Engine computer programs should
be cof equivalent accuracy and resolution as xeal world. Data rates

. 'and formats to_re@ordeg? and to the Telemetry system must be simulated

3
- 1

‘with high fidelity. -
Creeee B el e e . PRI S RV S, LY S S

" A functional simulation of the Main Engine Conﬁrbller is

presently envisioned. No GFP will be required.
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6.2.7 Computer Complex

The SMS computer complex shall consi?t of a commercially available |
general.purpose digital computer system with associated software to
activate, operate and support the simulator, All hardware with
options, pefipheral equipment, and software will be provided as GFE
as spéecified in Exhibit 3.

The operating system requirements specified are mandatory to
achieve optimum utilization.of the GFE computer complex, The ability
to ‘support muiti*programming, real-time batch processing, and local
and remote terminal processing simultaneously will facilitate the
dcvelopment, maintenance modification and utillzatlon of the SMS
task. Coordin;tion of the elements in a system such as SMS to insure
simulation and background processing integrity dictates the need for
sophisticated communication facilities, |

As the SMS continues to be used in traiﬁing of flight crews

new changes to the simulation will arise, To achleve this capablllty

--initial spare and expansion provisions are necESsary. This expansion

~of the simulation will be in the areas of more input/output data,

|

SRS S A Pare b

‘more memory, and more central processor tlme,-m__”“j“
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it shall be the SMS Contractor's responsibility .

to interface the SMS DCE equipment to the GFP Simulation Computer
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6.2.8 Digital Conversion Lquipment

The current NASA planning envisions the DCE as being provided

Com=

spares for the operational/modification phase.
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6.2.9 Visual Svstem

6.2.9.1 Gegeral Reguirements

| Visual simulation systemélwill be néeéed for fhe ffont
windows, through vhich the spacecraft commander and pilot look, and the
rear window at the cargo handling station. The front windows will be
used during both atmospheric and space flight, and thus require a com-
bination of the visual system capability found on simulators of commer-
cia% transports (e.g., L-1011) aud on 3pace.vehic1es {(e.g., Apollo).
Simulation of the view during atmospheric flight is not needed from the
rear window, which is covered during launch and reentry. For some
operations, synchrony of the views through front and rear windows is
required, e.g., when an object passes from the field of view of the
front windows to that of the rear window.

Throughout the tfeatment that foilows, the emphasis will be
on providing those aspects of the visuax scene needed (1) to train the
crew and (2) to verify the'adequacy of their per formance . Under; this
philosophy, there is no ﬁfed to provide wvisual cues fotlthose mission
or phase segments during which sqqh'cdesimgy_noﬁ be btésent.

Assuming a full manual approach and landing capability will
be required of.ihe Shuttle Vehicle pilots, the question can be asked
if it is necessary to provide the gimulatioh for both a Categotry II
instrument situation and the full VFR situation. If the skills
required to perform the manual instrument approach and landing task

are essentially the same as those used in the manual VFR approach,

%
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-YFR cues are available, the pilot will intermittently use them to
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then it may not be neccessary to provide the full VFR scene and simply
confine the training to the instrument situation. Cafortunately, this
does not seem to be the case for the following reasomns:

a. Just as there is a possibility of failure of the automatic
approach and landing system, there is the possibility of the failuve
ef{vcting receivers and displays used in the manual instrument approach;
Should this happen, one would expect the pilot to be able to mske an
Yeyeball' approach 1f colditicons cre VeR. Economics will prevent this
kind of practice in the actual vehicle, thus establishing a neced for
full VFR simulation.

b. Another consideration that suggests the need for VFR simut
lation has to do with normal pilot performance when all systems are
operating norﬁal and the approach and landing will be made under VFR
corditiens. Because a more precise approach can be made when the
automatic sy..~a is operating than when ménual skills ere beiﬁg
utilized, and a manually flown imstram?ﬂtlap?roach is more precise when
used under VFR conditions than an “eyeball" approach, these become the

preferred approach techniques under VFR conditions} :However. wheh

cross-check the validity of the situation as being depicteu on hiia
instruments. Since the scenme as viewed out of the cockpit has the
highest priority in determining the need for corrective responses,

it is important that the pilot have the correct frame of reference

for making these responses. O, putting it another way, the visual




1
1
i

F-398-8-A

OATE 12/92/72 THE SINGER COMPANY PAGE NO. ¢ _og

SIMULATION PRODUCTS DIVISION

REV. A 3/23/73 : BINGHAMTON, NEW YORK . " REP. NO.

- scene he expects to see at any point in time if the situation is normal |

_puts a lag in the controﬂkloop that increases the difficulty of the

"task and makeszit more subject to error. Also, because the pilot is

. outside the cockpit to close rvirv~nzas in the cockpit, more time is

B 6/22/73

becomes a sort of perceptual overlay on the actual scene from which
he makes comparisons to detect discrepancies that require correction.
Since these "expectancies" must be built from experience base and
since the Shuttle Vehicle will fly a uniquely different approach path,
the pilot's previous experience will not provide the necessary standards
It thus becomes essential to provide the kind of experience from which
these "expectanciles" can be properly structured. Again, and for all
practical purposes, this can only be done through full VFR simulation.

¢, In addition to the above arguments for full VFR simula-
tion, one other rather subtle but never-the-less compelling argument
can be made. This has to do with the fact that the approach and land-
ing task is different and more difficult when some dependence is placed
on cues arising outside the cockpit than when a pure instfument approacl
is made. Mot only are attitudinal cues less discernable and precise

!

when acquired outside the cockpit than when depicted on instruments,

R~

they are also subject to illusions and take longer to detect. This

very pont In maklng judgements of rate and altxtude, with extra cockplt
cues, he must make frequent rveferences to cockpit instrument even on a
vin apsroach.  Eaeh time bhe shifces his focus from distant references

\4is

required for boih hio payrniological and psychological adaptation

1
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to the new scene. This again puts a greater lag in the contrpl/display;
loop; further increasing the difficulty of the task. Therefore, simplyf
training a pilot on just the instrument skills will not assure an equal
proficiency whea VFR cues are available to him on an approach and 18ﬁd;
ing. The economics of the Shuttle situation sugsests that the total
skill requircoont for a::ugizg cafe approaches and landings must be
acquired via VFR simulation.

Thus, the emphasis will not be on realism per se, but on the
provisions of cues (or aspects of the visual scene) adequate to enable
necded tasks to be accompliéhed. Under normal conditions, therefore,
operational tasks will génerally be easier than those practiced in the
simulator, with the exception of zero-g effects,

Even with these delimitatioms, Shuttle visual simulation may
require a combination of capabilities each one of which stretches
the visual state-of-the-art: wide field cflview, simultaneous viewing
by two crewmen, disparste imagery (earth with cloud cover, viewed from
near and far; celestial bodies, rendezvous vchicle). and; possibly,

SR DT N s =a

. stereopsis (for manipulator arm control)

B L T I DO

The problem of sun shaftlng merits Special mentxon here.
;cccming‘chat the tralning objective (w1th respect to sun rhafting) is
to avoid sun shafting conditions, rather than attain competence in
working uuder conditions of sun shafting, this phenomenon need not bc

simulated, but merely signaled, e.g., by a'whitebut of the visual

field or by & sun symbol, ; P . o el




F-398.8-A

H
+
i
£
i
Y
i
1
§
S
¥
ﬂ%
1
1
H
|
|
t

OATE THE SINGER CGMPANY PAGE No., 6-31
12/22/72 SIMULATION PRODUCTS DIVISION
REV. : ’ " . NO.
A 3/23/73 BINGHAMTON, NEW YORK . REP. NO
B 6/22773

The rear window is uncovered by the cargo doors during non-
atmospheric flight, and, while its prime functions is to support the
use of the manipulator arms during payload operations, and/or docking,
and undocking, it can also be used by the spacecraft commander snd
pilot to view objects not in the forward ﬁindows' FOV. Since existing
motion systems cannot support visual systems and cockpits for both front
and rear stations, providing the rear window view to the spacecraft
commander and pilot would regquire a separate FBCS, in addition to the

MBCS, with visual systems, mounted on the motion system.

The résolution requiremeﬁts for each of the micsion phase
depend upon the use to be made of the information provided by the
visual system. When the visual system furnisheé.steering data that is
closely coupled with control zction, e.g., during the latter portion
of approach and landing, bhigh rgsolution is called for; when it fur-
nishes general orientation data, a lower regolution can be accepted.

[ &

'For example, ver1fication that the SRM has separated does

not require an accurate lnage of the SRM; a somewhat soft or fuzzy
SRM image, provided it were easily recognizable, would be quite adequats
On the other hand, a rather sharp image of runway edges is required

for proper lateral control during landing. Were the runway edge fuzzy,

its exact position would be {ndeterminate, and large lateral deviations

from nominal could occur before they could be perceiﬁed.

i
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This is the same basic philosophy a5 that used by the Air

Transport Association Training Committee in specifying resolution
reguirements for visual system (Visual Simulation for Airline Alrcraft
Simulators: Cuidance Information, adapted 24 Jonuary 12686) .

ATA cstablished, for each of 6 points on the glide slope
different disténces from the cnd of the rumray (6 mi, &4 mi, 2 mi, % mi,
1600" and end of rumzay), 1) What You Must See (at 3 mi, e.g., Meomplets
runway detail"), 2) How Well (et % mi, e.g., "to recognize 6' vertical
object on end of runway'"); and 3) With Ability To Accomplish (at % mi,
e.g., "Alignument, establish closing rate and maintain touchdown
points''). |

Contrast requircments are less task dependent. Visual acuity
and ease of perceiving a figure (object) against -a ground (surround),
depends on the conmtrast between them; low. contrast ratios lel cause
vigual tasks to take longer, be more fatiguing, and, in the extreme,
fail to allow proper visual discriminations to take place. Fig.

@

6. 2.9-1 shows the effect of contrast ‘upon. visual acuity at various

%ﬂ? . . : .
brightness levels. - G e e e

{
Brightness plays a similar role to contrast in determining
visual acuity. The eyeAcannot sense the brightness of a visual field
to better than an order of magnitude (if that); acuity becomes better
with increasing brightness over aiwiée (10?) range of brightnese

values. See Fig. 6.2.9-2 . The brightness{and cohtrast) of & visual

YO T ”B“ m‘ .
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simulafion system should be such that acuity, in the darker portions of
the field (¢.g., those with .01 the highlight brightness) is still
enough finor than the visual simulation system resolution 80 that the
vigual simulation system xesolution, not human visual acuity, limits
the man-machine system performance in resolving objects.

The problem of flicker will belnoted here, but not treated in
any depth. Other things being equal, flicker will become more per-
ceptible (and hence more ObJELClOHuble) as othar impor tant para.eiowl
of the vigual simulation system=-brightness, contrast, field of view--
improve. Thus, inproving one of these parameters of a visual system
may, by introducing flicker, make the resulting system less, rather
than more acceptable.

For flight outside the earth's atmosphere, the orbiter can
sesmae ooy abélbude, snd honce it is desirable to simulate the full
field of view of the spacecraft v ioJorz, since objects of interest
(stars, earth, rendezvous vehicle) can appear, depending on rhe orbinor

”éttitude, énywhére in the field of view. During atmospheric fllght.

{

attitude constraints, with respect to flight path, can limit the \

7appearance of lmagery of interest to selected portions of the window,
and henee simulating the full field of view of the window may not be
necessary. Because of:the time shorine botween crew members of twiiw
requiring extra-cockp{t vision, the Gisual requirements for these crew

stations could be non-concurrent. For example, during approach, the
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cockpit instrumentation; no indication was found in NAR 8D 72-SH-50-3,
_or other Sﬁuﬁtle data,_that any external visual cues are used during

' ascent.' However for tramsition to the abort modes, it is recommended

oy

I 3

st ray L2 viewirs the external visual scene while the copilot's head

is in the cockpit, viewlng instruments.
In order to provide full freedem of head movement within tnhe

simalator a 12 inch radius sphere is desirable. However, state-of-the-

art wide angle color display systems cannot provide this capability.

The envelope selected is what can be hoped for in the SMS time frawc.

6.2.9.2 fiscent Phase (Vertical launch to orbit insertion)

While the extermal visual scene is visible during at least
part of this phase, it is not used as a basis for any crew actions, with
two possible exceptions:

a) Such visual information might aid in determing whether
an abort is necessary. | |

b) Visual verification of SRM separation.

It appears that all control actions during this phase, such
¢~ the throttling of engine thrust below 100% to limit vehicle accele-

ratfon to If, are eithor 2coow l1ished automaticainy, or based upon
E ¥

that identical cues required for each abort mode be provided.
6.2.9.3  snoutn

puring this phase, out~the-window visual data are noodost Lo

I P N N generalized alrpovrt. Four sip/usio £oprots

v

establish altitude and to perform a lunding. This landing could take t
I

of approach sud looling, each with <i’/wvsvl visesl system requirem:zrt s,

need to be distinguished: : }
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. IFR landings under Category I or Category II visibility

conditions. As will be unoted later, this requires only a narrow FOV.

2. VFR approaches after glide path has been attaired.

The 19° glide slope is intercepted , and thus the pilot docs rot need
to look all over to orient himself. Hence, a narrow FOV is adequate.

3. VFR flight above approximately 10,000 fcet. Before the
19° glide slope is intercepted, the pilot requires a wide FOV to orient
himself properly.

4. VFR flight with air-breathing engines. The orbiter has ai
breathing engines only for ferry flight, therefore the capability exists
for a missed approach and go-around, and hence a wide FOV is required.

For thé first case, IFR landing under Categofy I or Category
II visibility conditions, & horizon is needed at altitudes above
possible cloud layers, and a presentation comparable to that of wvisual
systems of commercial transport simulators for altitudés below Category
II ceflirgs. Typical parameters for such a Category 11 visuai landing
simulation would be:

o . L ] ‘
FOV: .. ..:230 x 50 This FOV, which has proven ade-

quate for simulators of commercial

fpm e mme e e e kY @nsports, is far less than the
FOV of the vehicle. A recent

ctudy™ veported "The result of

viviility, with restricted peri-

pheral vision are described. They

wire undiestaken to discover

I
'
H
i

Vlflight trials, at night and in low
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whether lack of peripheral vision

was a major cause of poor Janding

performance on conventicnal flisud

i

simelators. The results show thaq
landing performance in flight is
simost unaffected by loss of per L
pheral vision, even in poor
visibility."
% Armstrong, B. ﬁ., Flight Trials to Discover
Whether Peripheral Vision is Needed for
Landing. TRC Report ko. BR-233291, Nov.
1970. Abstracted in Ergonomics Abstracts
- 1972, Vol. 4, No. 2; original not seen.
This covfizrs an older study**
by Roscoe in which it was shown
that pilots could execute satis-
‘i'““"‘““““;““?“j“ T T ~€ factory landings'w;th on1§ a 10°
aw.,ﬁvﬂfwﬁm%mﬁuwwrmfg_”__NWW,;“”.” o
Lo ! x 10" periscope view.
L““I‘”?“;“'f"f'"" '”"L"T‘“L** Roscoe, 5. N., fﬁé'Effects of Eliminating
Bynocular and ?é;ipheral Monscular Visual.
Cues Upon Airplane Pilot Performance in
Landing: _Joufnal of Applied Psychology 194

32. 649-662, ™

e i oo g e =
b . : i

8,
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 i§6rié6n-é£-ﬁ51ﬁ:gear4touchdown at
- gight of the runway ahead of him"

~{J. D. Roebuck (NAR) Memo No.

_SSP-PE-72-034 of August 18, 1972)

The only conflicting data come
from experience with the VAMP on
an F-4 simelator; pilots reported
that they could net land the simu-
lator without a wider field of
view than VAMP provided. However,
the high angle of attack of the
F-4 completely blocks out the
view of the ruwmway when landive
whereas the orbiter front wincow
is specifically designed to pro-
vide "Sufficient up vision to see
the entire length of a 10,000 ft.
runway at preflare altitude with
woréf case transients in orbiter
pitéh attitude...{and) Sufficient

down vision to see 22 below the -

worst case nose up attitude (tail
scrape éngle of"18°).” Tﬁis is to

assure that the pilot never loses
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As noted earlier, the task of
landing the cyrait isg quaiitativeky
different if ceiling and visibiligy
are substantially unrestricteq, and
hence @ different set of visual
requirements holds for these largely
VFR landings. These requirements
include a wider field of view, since
the pilot has time to look around
and utilize the data obtained, ang
terrain contents compatible with

~altitudes, during the terminal
approach and along the glide slopss.
Color is desirable, but mot absolutely necessary; if a pilet
can shoot a landing with a monochromatic presentation, he certainly can
;
do so with a color system.. e
A target acquisition study éFowler, F. D., a?d Jéﬁes; p. B.,
“larget Acquisition! Achilles Heel or the Display's the Thingi"
?Foceédings qf Sqqiéty“foy.lnfo§m8tion Display, June 1972.) indicated
that "for the relatively high contrast target/background combinations
(21-85%) there was no difference between color and black and white dis-
plays for either detection or recogaition." S

The repudiation of the need for coler weuld be invalid i€ it

were necessary to use as cues the different colors of airport runway




F-398.8.A

DATE 12/22/72 THE SINGER COMPANY PAGE NO'_6"'£+O

SIMULATION PRODUCTS DIVISION D —
REV. A 3/23775 BINGHAMTON, NEW YORK REP, NO,
n 6422473 i
& IR V. iy = S S Sy

and texiway lighting. Lack of such color differentiation (in a
monochromatic system) is thought to make the landing task slightly fjre
Giffienly, but certainly not impossible. We may conclude that color,
wiile desirable, is not absolutely necessary, and may be traded off, if
needed for brightness, FO/, «le. |
During Abort-Modes 4 & 5, and to some extent during Abort
Mode 3, the crew is enzaged in space, rather than atmospheric flight,
and the out-the-window visual requirements approximate those of
orbital flight. These requirements are discussed in the following
section,
Meanuser Range: Area simulated mddescly larger
that that visible under Category
II.conditions. Go~arounds will ng

be possible in the configuration

REPRODUCﬁﬂL
ITY
GCINAL PaGE IS(})E%S;IE withcut jet engines, which greatly
’ {ncreases the area that need be
LT I . o £
. L . simulated.
3 C : -

6.2.9.4 QOrbital Operations Phase
‘-A buring this phase, both ffonglénd rear ﬁinaows are available
fér use. The front windows only will be used during the actual perfor-
mance of orbital changes, even though the rear, as well as the front.
could be used for viewing the jettiéo#ed external N0 toul. Thus, the
needed scene content is for the front windows only and includes exter-
nal LO teal, tho borizsn, «ad rozvlops erlestial bodies, if tl.hese are us

3o

D T A
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i‘of TACAN. Assuming the rendezvous target to be another orbiter 110 ft.

A_3/23/73

for oricentation. The cloud cover over the earth may be homogeneous

and extensive enough to eliminate position cues and hence simulaticn of
ground points is not required; hovwever, attitude cues are provided by
the horizon.

During this phase, the alignment of the backup navicaticon sysH
tem is accomplished by an optical sighting device similar to the CSM
Crewman's Optical Alignment Sight (COAS): constellations should be
provided for identification since the stars preferably are selected to.
e sighted. lowever, the sun, moon and any of the four bfightest plan-
ets may also be used. The simulation of the starfield used with COAS
need not be better than _-!;0.75o the accuracy of COAS. Apollo starfield

simulation for COAS has proven satisfactory.
Field of View: Full window coverage desirable.

6.2.9.5 Rendezvous

During this phase, the visual requirements are similar to thos

of Orbital Operations, with the requirement of the rendozvous vehicle
beiny substituted for the external hydrogen/oxygen tank.

At a slant range of 300 n.m. the target is acquired by means

1n length and perpendicular to the line of sight, the target will sub-

tend an angle of 13 arc seconds, a subtense well below the resolution

of any known system.

The distance at whlch visual acqu151tion of the rendezvous
vehicle will cuour <dspends on chether it is a bright chican vi-ooid

against a dark background (rendezvous usually begins this way - in

darkness) or vice-versa, and the contrast between it and the background}
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When the rendezvous vehicle ig considerably brighter than the'back-
ground, it will be detected when it subtends no more than a few seconds
of arc, e.g., at the 3G0 n.m. TACAN acquisi;ion range; when it is
considerably darker than the background, it will be detected at ghout
130 n.m., when it subtends about half a minute of arc. The ansulor
subtense of i rendezvous vehicle when it is visually acguired cannot
be duplicated In a simulator within an oxr<or of magnitude with the re-
solution sttairible wirh cdrrent visual synten YC“HIllb[y, owever,
visual acquisition at magimum ranze, while desirable for proccdis
Purposes, does not appear to be a difficult task requiring training.
To cope with this limitation, it ig suggested that the simulator image
0f the »imloguius vehicle be maintained at no less than 2 or 3 reso-
lution elements, or the actual subtense, whichever is greater, so that
the rendezvous vehicle can he visually acquired and tracked properly,
Critical visual tasks, from a Cralr: Etandpoint, during this phase
S
include determining the direction and distance of the rendezvous

L 13

vehicle. and maintaining own vehicle orientation. In addition to the

rendezvous vehicle, the visual scene must include the horizon, celestial

<bodles that are used for orientation, and the earth

FlEId of Vlew' FLII w1ndow covercne dosirable
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6.2.9.6 Docking and Undocking

The primary scene content during this phase, like rendezvous,
is the target vehicle which needs to be identified and its attitude -
determined visually. That vehicle can subtend a large portion of the
field of vicw, and depth cffects, neglinible during rendezvous, be-
come pronounced when the target vehicle is near to, or docking with the
orbiter. Since the rear station is used for docking, this phase re- —
quires simultaneous use of front and rear windows. The effect of
docking lights should be provided, since these lights help in distance
estimation. The problem-Of manipulator arm simulation is discussed in
the following section, Peylozd Oparetions.

FOV: Full window coverage desirable

6.2.9.7 Pailogd Operations

The visua} simulation requirements during this phase, which
is almost exclusviely concerned with manipulator arm operation, pertain
to the rear ﬁindow; it is assumed that the operation of manipulator

m”arméfi; ﬁaéréééoﬁpiiéﬁé&_via Ehe.ffoﬁé wiﬁdowﬁ..-Théfé aréitwﬁ rather
disparate aspects of the task of‘using the manipulator arms. The first
Misvpurelf'ﬁeféepEQAi;kéﬁd relates Ed‘degerﬁiﬁiné tﬁé felétibé positions
of the arms and various potential targets. The criticality and diffi-

l'culty of this task dirécglyléffecé Q}sual simuléfgoﬁ'fidelity require-

3

ments. The second aspect of the task is psycho-motor: placing the

manipulator in desired positions. This aspect involves multi-dimensiona

tracking, and its criticality and difficulty affect the requirements

' I | i I . . " & | -
‘ . ! ! o L N U DU e : _J

U . A S,
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for fidelity of simulation of the dynamics of the arm (e.g., iteration
rate). It is believed that the difficulties reported by Martin-
Marietta in accomplishing manipulator arm maneuvers (in a simulation
setting) stem from the inherent difficulties of multi-dimensional
tracking, rather than from simulation inusdequacies, and that, compared
ﬁith that tracking task, the perceptual taslks Lnvolved are comparatively
easy. Hence, high fidelity simulation of the visual scene, in parti-
cular providiry binceular (sivrcopsis) cues, should not be necessary,
since nonocular depth cues, such as relative slze and interposition,
provide sufficient visual information. The simulation of the dynamics
of the rélationship between movement of manipulator arm controls and
the locus of the image of the arms must be simulated with high fide-
lity. With a éne-dimensional tracking task, Warrick (WADC RN 55-348)
reported that lags of as little as 50 milliseconds in display degraded
tracking performance significantly. With a multi-dimensional tracking
task, effects of such lags would be no less serious; a very tight

i w

coupling of the visual display to the manipulator arm controls in the

simulator is therefore réhuired.

The uncertainty of the position of the manipulator arm

relative to a target, resulting from the limited resolution of the

vigual system, should be no worse than the inaccuracy of manipulator
arm positioning itself. At a maximum arm reach of 50', the +2'" tip

‘,positionai“accuracy corresponds to 11.5 arc minutes. Hence a visual




. —
DATE 12722772 THE SINGER COMPANY PAGE. NO. 6-45 ;
SIMULAT I ON PRODUCTS DIVISION _}l

—
REV. A 3/23/73 BINGHAMTON, NEW YORK L REP. NO. }
B /22773 N

F.39B.8.

system with a 6' resolution would increase manipulator arm positicning i

inaccuracy by Ir*gz or 27% (from 2" to 25"y at the maxionm sen reach
distance; at c¢losor d¢igstances, which are both more likely and more task-
critical, the incremental error due to visual system regsolution (or
rather the lack thergof) would be less.

Floodlights and especially, spotlights need to be accurately

simulated, since they provide a number of cues: the position size,
and shape of the shadows they cast, the brightness of the field they
illuminate as a function of distance, ete. These cues enable the re-
lative viewing distance of various elements in the fie 1d' of view to

be determined, i €., what is closer, and what is further away .

FOV: : Full window desirable.
Color: Monochrome zdequate
6.2.9.8 Deorbit ' -

The selection of a landing site, oue of rhe cbjectives of
this phase, is not performed visually; Indeed, most of the earth
below may be obscured by cloud cover and/or on the night side of the
day/night terminator. iLe yisqal simulation requirements for this
phase are identical with those of Ovbit Operctions. et
6.2.9.9 Ioipy

The visual simulation requirements for entry are identical

with those of the orbit phasge thac'precedes it,
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6.2.9.10 Approach and Landing

The visual simulation requirements for this phase are identi-
cal with those of the Abort Phase, since approach and landing is the
same whether sccomplished under abort conditions or uider normal
mlission conditions.

6.2.9.11 Feryry Flight

This nhose can be partitioned, for visual gimulation purposo:
P f

into five sub-phases:
Taxi .

Takeoff & Climb :
. REPRODUCIBILITY OF THE

Cross-Country ORIGINAL PAGE IS POOR'

In-Flisght Refueling

Approach & Landing

The following paragraphs sddress, for each.sub-bhase, the
desirability of visual sirualotion, and (if desirable) thz visual simu-
lation requirements.
6.2.9.11f1 - Taxi s T Q'ﬁ'“?'?_

.There_is aaéaucity 6f information on visual simulation of

aireraft taxi. No training simulators have stressed taxi, though the
capability for taxi exists, as a fallout of landing simulation, in

‘camera-model and computer-generated-image visual systems. It is

gencrally acaepted that, 1) commercial transport pilots are exposed to

enough actual aircrait tam.iiy duviv ol troining, even in trainiag

prograws emphagsizing simulation and minimizing flying, to elimina.-
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the need for simulator training in taxiing, and 2) taxiing is a gkill !
that is easily learned, and 3) the cost and risks of training taxiing '

(as contrasted with other flight phases) in the aircraft itself are

quite acceptable,

Thére thus appears to be no requirement for simulating the
visual aspects of taxiing, although if such capability "falls out' of
other requirements, it could be utilized.

* This is in spite of the fact, noted by J. Rocbuck in

NAR Internal Letter SSP-PE-72-034 of 18 August 1972, thot
"Because_of his height above the ground (approximately
22 feet) during rollout and taxling the pilot (based on
747 experience) will think he is moving about 1/2 as
fast as he actually £ - DR

6.2.9.11.2 Takeoff and Climb

BF

As with taxi, there ig a paucity of information on visual
. :

simulation of takeoff and climb. The out-the-cockpit visual scene pro-

¢ &

vides, durlng this phase

+

e e steering,lnformation, to aid the pilut in keeping the

alrcraft on the Lunway.

PO T e e e U

run distance to aid in determining whether to sbort

takeoff

e e e m VS R

horizon or equivalent data that alds in keeping wings

level, or as a bank angle reference D

b m B v AR m—— PR
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. height information that tells, for example, when the

wheels have left the ground and .the landing gear can be retracted
'The visual simulation system requirements for this phase
are identical with those for landing, discussed earlier.

6.2.9.11.3 Cross Country

Since weather and visibility conditions may require this
sub~phase to be conducted entirely on instruments, without visual

reference, there is no recuirement for visual simulation here.
However If @ horizon and cloud cover can be provided with no increase

in complexity, it is desirable.
6.2.9.11.4 In-Flight Refueling

The.flight by visual reference required dﬁring this phase
is similar to formation flight. The Alr Force has conducted in-flight
refueling on a routine operational basis for some two decades,-but has
not moved seriously toward developing visuai simulation for training
in in-flight refueling. A development program in this direction was
initiated‘in the early.sixties, but dropped before prototype construc=-

3 ’ ' ! . . . , : .
In light of the Air Force's experience, it would appear

‘that visdal simulation for Orbiﬁer iﬁ-flight refueling is not really
necessary, and, in view of the small number of in-flight refueling
that can be anticipated with the small number of ferry flights pro-
jeéted,‘nd substantial effort should ﬁe directed toward development

of visual simulation specifically for in-flight refueliug. As with
taxi & cross country,if the capability for visually simulating in-flicht re-
fueling "falls out''of other visual simulation efforts,it might very well b

_ F-358.8-A
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“such power is not available.

BN A0 20}
s

7t
expleited. The image generation requixcients for in-flight vefuelin?
apprear to be similar to those of rendezvous (when the tanker aireraft

is distant) and to payload operations (when the tanker aircraft ig near

by).

i i Sy

6.2.9.11.5 Anpreach and Tanding

The visual scene during this sub-bhase of Ferry Flight
differs from that during the Approach and Landing phase of an orbital
mission in several respects:

1. The flight profile isrdifferenﬁ; during Fervy
approach and landing it resembles that of a commercial transport.

2. Power from jeﬁ engines is (barring catastrophic mal-

ferotioning) always available; during return from orbital missions

3. As a consequence of 1 and_z above, such maneuvers as
circling approacﬁes ans vejucicd landings (go-arounds) can be performed
during ferry. : . :,q“V"_h__ ._ |

4. Many additional airfields are”candida;e; for Ozbiter
use during Ferry, both programmed and emergency. m"fdh},”

Hence é visual scene meeting thé requirements noted for
the Approach and Landing phase of orbital missions should also meet

the yequivowenis fory the approach and landing sub-phase of Ferry.
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6.2.9.12 Surmazr

Tables 6.2.9-1 through 6.2.9-6 summarize the visual systenm

requirements phase by phase; the total requirement derives from the

need of the simulator to meet these individual phase requirements.
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O T ABORT PHASE ONPITAL DOCKING  PAYLOAD . ' ADDPIROACH . FERRY PhASE
MODE™ T T MOBE T NOUE OPERATIONS RENDEZVOUS UNDOCKING OPERATIONS -[pE-oanT ENTRY & LANDING TTTARPIAG
U o3 Y55 SN2 A _H4 1. NHASE PHASE _~ _PHASE PHASE PLIASE PHASE PIASE TAKEOFF L _LANDTM
- EXTERNAL  REQUIRED REQUIRED REQUIRED NEQUIRED N/R N/R N/R N/R N/R N/R N/R N/R
WYPIAGEN 1IN 1IN 1IN PHIN . N
OXYCEN TANK ATTACHED  JATTACHED |ATTACHED | ATTACHED . . .
POSITION POSITION POSITION POSTTION
21 DURING 2) DURING 2) DURING 2) DURING
FEPARATION |SEPARATION {SEPARATION| SEPARATION |
. an instanta-
) neous separation
#s acceptable) .
PLUME FROM RIEQUILED REQUIRED N/R N/R N/R N/R N/R N/ It N/R N/R N/R b N/R
SHi. TERMIN- 1) EFFECT OF{ L G0 SEC
CATICN PLUME ONLY (1) EFFECT -
OF PLUME .
ONLY
N/Rt>109 .
SEC
Tail, Wings .
Sibk ov-fg & IN,/n N/R N/R N/R N/R REQUIRED [REQUIRED © N/R N/R N/R N/R
VELICLE '
CARGO BAY :N/R N/R N/R N/R N/R REQUIRED [REQUIRED  N/R N/R N/R N/R N/R
1 - - 1} BOCKING {1) IOCKING
- TUNNEL IN {TUNNEL AND
: EXTENDED {CARGO BAY
POSITION  |roans
3 ONLY . PYRAMIC
‘ 2) PAYLOAD
: : FILOM STOW. .
ED PORITION
T DYNAMIC
. . POSITION *
3 TRUNION
{.OCATIONS
VISIBLE
ENPTY BAY :
4) CAHGO DAY
FLOONLIGR TS
~ ILLUMINATING
CARGO BAY
{\'Fsr. ?'E OWR i!EQUIRED REQUIRED REQUIRED REQUIRED HEQUIRED IREQUIRED REQUIRED I:EQU]RED REQ'D iRE’«’.IUIHED MEQUIRED REJUIRED
AN . e s . e s —— - - -
IMAGE CONTENT-- = _- ..ot TABLE 1 OF 5 TADLE .
© SPACECRAFT EXTERIOR e T |

AUD

INTERICR
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TABLE 6.2.9-2

12/22/72
LA2l233
. ) ' APPROACH
L ABORT PHASE o ORDITAL  RENDEZ- DOCKING & & __ FERRY PHASE
"MODE EMODE MODE OPERATIONS VOUS UNDOCKING DE-QRBIT ENTRY LANDING AUVPUOATH™
" 12 3, 4.5 PHASE PHASE ___ PHASE PLIASE____ PHASE PLASE |TAKEOFF__ & LANDING
HORIZON-INTERFACE NOT REQ'D REQ'D REQ'D REQ'D REQ'D REQ'D REQ'D REQ‘D_ NOT NOT .
BETWEEN TOP OF JREQ'D APPLI- APPLI- ’
CLOUD LAYER & SKY CABLE CADLE
CHORACN INTERRFACE REQD REQ'D REQ'D NOT ]\-OT NOT NOT NOT REQ'D NEQ'D REQ'D -
LEI'WEEN EARTH REQ'D REQ'D REQ'D REQ'D REQ'D .
D1 '
Cl-.ILNG IIEIGI!T 100-50, 000 100-50, 000 100 50, 000 NOT NOT NOT NOT NOT 100- 100-50, 000 100-50, 006
FT. FT. T, AliLI- ADPPLI- APPT'LL=- ADPLI- APPLI- (50,000 FT. FT.
CADLE CATMLE CANILE CABLE CABLE |FT,
YLIBILITY 1,03 FT. 1 800 FT. 1. 800 FT. NOT NOT . HOT NOT HOT 1.BOD FT|L.80Q FT. 1,800 FT.
TO 15 NM TO 13 NM TO 15 NM AP LI~ ArpLl- APPLI- APPLI- ADPDPLI-JT0O 15 NN|TO 15 NM TO 15 KM
: CABLE CADLE CADLE CABLE CABLE
ILLUAMINATION DY OWN DESIRABLE DESIRABLE DESIRABLE NOT ‘ ROT NOT NOT hOT MESHt- MESIRABLE |DESTRADLE
VEHICLE LANDING LIGHTS ' ATPLI- APPLI- APPILI- ADPDPLI- APPLI- ANLE
* ' CADBLE CABLE CADLE CABLE CABLE |[CABLE
8 4 B S M AR S R A M B m T8 A W A B fr o A SR M P = ey p = ————— o e e A E— A o et e a i s e m——— e mwmmmrr e oo e afe e e —— et ———— =
TI\IE CF DAY DAYLIGHT TO | DAYLIGUT TO |DAYLIGHT TO|NOT NOT NOT NOT NOT hA Y- E‘AY LIGHT ([DAYLIGHT
DARKNESS DARKNESS DARKNESS APrLi- ADPDPLI- ADPLI- APPLI- APPLI- LIGHT ro TO
' CABLE CABLE CABLE CATILE CABLE |TDO NARKNESS DARKNESS
: : : DARK- :
NESS
" CLOUD COVER . NOT HOMOGEN- HOMOGEN- 1L.OMOGEN~- HOMOGEN- HOMOGEN- HOMQOQGEN-] HOMO- |1 O'\ 0- ROT NOT
- APPLICADLE |EOUS EOQUS EOUS EQUS EQUS EQUS GENE- JGENE- WPPLI- APPLI-
Qus OUS CABLE CABLE
~ DAY NIGHT TER\‘[INATOR NOT NOT REQUIRED REQUIRED REQUIRED | REQUIRED [REQUIRED | REQUIRINOT 0T NOT
APPLICABLE |APPLICABLE ED A PPLI- WPPLICABLEJAPPLICABLE
CABLE '
One . LANDING S'ITHP‘ REQ'D REQ'I.J‘ ' REQ'D NOT NOT NQT NOT NOT REQ'D NEQ'D REQ'D .
1 - Sa APPLI- APPLI- AFPLI- APPLI- APPLI-
WITH FAA CATEGORY Il CABLE CABLE CADLE CABLE CABLE
RUNWAY MARKINGS AND '
LIGHTS .
N)‘-E OF VEUICLE REQ'D REQ;D REQ'D REQ'D REQ'D REQ'D REQ'D REQ'D REQ'D REQ'D REQ'D
OCCULTATION — _J
NOT NOT 1. . p MoT ROT - | Hom or
ORBITAL EARTH SCENE EQ'D HEQ'D |REQUIRED {REQ'D  REQ'D REQ'D REQ'D (REQ'DREQ'D |RFQ'D  |REQ'D
IMAGE CONTENT - "EARTIF SCENE AND HORIZON' Teble 2 of 5 .

»



WA v e fnliel. Lallowtrr

e b

.6-53

12/22/72
12/21/73
! -__ABORT PHASE * — TOWBITAL™ : THOCRING &~ -
NODE ™" T MODE WMODE OPERATIONS RENDEZVOUS |UNDOCKING PAYLOAD  DE-ORDIT ENTRY
‘ "1 2 3,4, 5 (PHASE _ _  PHIASE | PHASE OPERATIONS PHASE ___  PHASE
CONSTELLATIONS NOT NOT REQUIRETD = REQUIRED HHEQUIRED Re-quired Rel‘;uired REQUIRED NOT IIEQUIHED - [}
- REQUIRED |REQUIRED |QUANTITY~88 UANTITY~88  QUANTITY~88 QUANTITY~B8
B S QUANTITY™ES | T Rty 88 o8 LU )
NUMBER OF STARS NOT NOT 21000 21000 21000 2= 1000 = i = 1000 1000 SUFFICIENT NUMBER .
. REQUIRED | REQUIRED : ol 3 FOR ATTITUDE MOTION
| I ‘ REFENENCE ONLY
I .
PN T I
" CONSTELLATION NOT NOT REQUIRED BY  |REQUIRED DY [EQUIRED BY Required hequired REQUIRED BY |NOT REQUIRED
IDENTIFICATION - MEQUIRED |REQUIRED {CONFIGURATION |CONFIGURATIONI ON FIGURAT- by configu-by confi-CONFIGURATION
AND MAGNITUDE |AND floN AND AND MAGNITUDE
- MACNITUDE ration & uratdion g&
—- - SN R S Arer s rneen e e Fngnitude- 0 gadbude - — - -
P T ” ey . . . - . o -,
- . NN N S e | - memae B
SUN (SYMDBOLIC) * NOT NOT . [REQUIRED REQUIRED REQUIRED REQUIRED REQUIRED NEQUIRED REQUIRED
REQUIRED . |REQUIRED' | .
. «—---_u:—_. ‘ . - -3 N . r
. 4 i i I
IMAGE CONTENT - "CELESTIAL BODIES" " TABLE30FS5
N TABLE 6.2.9-3 -
ya . o



6-54
12/22/72
12/21/73

AN

RENDEZVOUS PHASE

OChll\G AND UNDOQCKING PlIASE

VISUALLY DETECT TARCET

300 N M,

0ta 10 N.M. (COLLISION POSSIBLE)

SUBTENDED ANGLE AT
WHICH TARGET ATTITUDE
153 IDENTIFIADLE

NOT REQUIRED

QUAKTITY OF SIMULTANE~
OUS TARGET VENICLE

ONE TARGET

RAXINUBM/MINIMUM SIZE |

———— -

PAYLOAD OPERATIONS PHASE

0 TO 1 N.M. {COLLISION POSSIBLE)

2150 °

21.50 . :

ONE TARGET

ANOTHER ORDITER: LENGTH =1l FT.,
SPAN = 80 FT/SATELLITE: 100 INCH
MMAMETER SPHERE

TARUET VEHICLE
MOUVING PARTS

P e

TARGET LIGHTS, 1.c.,
ACQUISITION, TRACKING
AN ANTI-COLLISION
LIGHTS ONLY

NOT APPLICABLE

MEQUIRED: SOME TMIGE-"I‘ VEHICLE WiLL
HAVE NO LIGHTS., FOR TARGET
VEHICLES THAT DO HAVE LIGHTS THEY
VILL DE CONTROLLADBLE AND THE
LIGHTS WILL BE FIXED TO TARGET,
SIOWEVER, TARGET ATTITUDE IS A
VARIABLE,

ANOI EIl ILORBITER: LENGTH =111 FT.,
SPAN - §0 FT./SPACE STATION:
CYLIMDRICAL, LENGTH = 15 FT..

REQUNRED; SOME TANMGET VELUICLES
WILL HAVE NO LIGUHTS. FOk .
TARUGET VEHICLES THAT DO HAVE
LIGHTS THEY WILL BE
CONTROLLABLE AND THE LIGHTS
WiLL B FIXED TO TARGET,
HOWEVER, TARGET ATTITUDE IS A
VAIUABLE.

e e e e e A e vt e ———

- ——m———f e —

FIVE TARGETS

ANOQTHER ORBITER LENGTH =11l FT,,
STAN = 8C FT./SATELL ITE: 100 INCH
DIAMETER SPHERE

REQUIRED: 5’1\ E TARGET VEHICLES WILL
LAVE NO LIGIHTS, FOR TARGET VEHICLTS
THAT DO AVE LIGHTS THEY WILL DE ’
CONTHOLLADLE AND THE LIGHTS WILL BE
FIXED TO TARGET, HOWEVER, TARGET
ATTITUDE ISA VARIABDLE,

OWN VENICLE LIGITS NOT REQUIRED REQUIRED: (1) ILLUMINATION BY |NOT APPLICAILE - SEE IMAGE CONTENT -
ILLUMINATING TARGET SPOTLET FOR RELATIVE VEMICLE  |'REMOTE MANPULATOR ARMS" TABLE 5 OF 5.
VEHICLE ' ATTITUPE REFERENCE, (2)
- ILLUMIRATION BY FLOODLIGHT.

. - SiIADOWS ALSO REQUIRED. .
SUN SIADOWS ON NOT REQUIRED DESIRABLE
TARGET VEHICLE DESIRABLE _ b
VISUALLY DETECT PAYLOAD |[NOT REQUIRED NOT REQUIRED REQUIRED:

RETENTION FITTINGS

RANGE = 0 TO 60 FT,

IMAGE CONTENT =~

"TARGET VEHICLE"

TABLE "6'.2.-9;1,;

TABLE 4 OF 5

"o,
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PAYLOAD OPERATIONS

PHYSICAL DIMENSION

LENGTH = 50 ¥T. (TO END OF
TERMINAL DEVICE)

| DIAMETER = 8 INCH MAXIMUM

TERMINAL DEVICE MAXIMUM/
MINIMUM RANGE

-~

50 FT./10 FT.

VISUALLY DETECT DEGREES OF

FREEDOM

REQUIRED: VISUALLY DETECT
EACH DEGREE OF FREEDOM BY
EFFECT OF CHANGE IN POSITION
AND/OR ATTITUDE. ALSO,

MOTION OF TERMINAL DEVICE FOR
OPEN/CLOSE TRANSITION

LIGHTS

REQUIRED: SIMULATION TO SIGNIFY
BLINDING BY THE SPOTLIGHTS ON
EACH ARM NEAR TERMINAL DEVICE

1 BY SOME MEANS IS REQUIRED.

SPOTLIGHT SHADOWS BY EITHER
ARM OR OWN VEHICLE OR TARGET
VEHICLE

'ARMS FIXED TO DOOR

REQUIRED: ALSO MOTION FROM
FIXED POSITION OF OPERATIONAL
POSITION AND VICE- VERSA,

VISUALLY DETECT ARM
JETTISONING AND EXPLOSION

REQUIRED: AN EXPLOSIVE BOLT
DEVICE IN CASE OF FROZEN JOINT
MALFUNCTION

IMAGE CONTENT - "REMOTE MANIPULATOR SYSTEM ARMS"

. TABLE 6 2. 9-5
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ORBITAL PHASES

AERODYNAMIC
PHASES :

DOCKING
MISALIGHMENT

[T THANSTATION

6-56
12/22/72 -
12/21/73

VELOUITY “TACCELERATION |

T 0,5 Ips

25,500 £V &
28, Q00 Ins

max AV = 1000 fps
{burn time not
specified)

140€V 600, - oSAzcc.ﬂo S
knots DESIGN [sec?

TOUCHDOWN]| -
SINK RATE =
0-10 Ips . -

Max relative
velocity at
docking =

all-attitude |

-30°%bank .,
angle 5 30°
~10%slide
slip £10°

-3° € pitch
angles23°

Docking
Angular Mis-
Alignment =
15°

Docking Roll

Misalignnmént » £7°

" ROTATION
B

T VELGCITY

minfmgm
0.1"/sec
maxiinum =
0D

0 <1 pplé
20°fscce
D41 qBIS
5%/soc
p$1rgls
5% /see

Max Vat
docking

{active vehlele)
= 31°/sce

Max V at
docking )
{passive vehicle)
= +0.1%/sec

-

0% 1 roll acceler-

-ation 1 £5°%/see

0<1 piteh accelers

. ation l$2.5"/sec2

051 yaw aceeler-
ation 1< 2.5"/scce

5 r:td,/sec:2

0<1pg1%1. 2
0%1qp 1%0,5 rad/sec
0sirgl <0.5 rad/sec

SHUTTLE MOTION PROFILE

. TABLE 6._2 «9=6
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6.2.9.13 Visugl nnd Motion Cue Coordination

Motion and visual cues are important in a number of
critical mission phases and flight maneuvers. The visual scene provides
essential control information, whiie cockpit motion cues permit the
crew to anticipate some control requirements, and to assess the effects
of others, before they are reflected either in the visual scene or in
the cockpit instruments. The development of the piloting skills re-
quired in a specific aircraft consists largely in learning specific
relationships between motioﬁ, vigsual and instrument cues and aircraft
responses in various configurations and flight eavironments. The coor-

dination of motion and visual cues in the flight sirulator is thus

critical, in providing a learning environmeat which is as representative

of the actual alrcraft operating enviroanment as is possible.

It is impractical to design a simulator which duplicates
all aspects of the vehicle'being simulatea.' Some aspects of the
vehicle must be neglected for economic reasons and some due to limita-
‘tions in che technology?pf simulation. Some vehicle characteristics
‘must be modified to permit optimum control of the training situation.
Decisioﬁs éoﬁcerning the tepresentation, deletion and modification of
vehicle charécteristies will be based on a complete training analysis.
However, when vlsual.and motion cues.are icentified as relevant to
training, it will be necessary to co;rdlnate their simulation within
limits established by the perceptual capabilities of the crews to

be trained. PR
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response. Because they are frequently sensed prior to the visual and
‘instrument cues accompany}ng a respbnse,-they‘tend'to "quicken'" the
Y. : .
~ pilot's control capability, and in some aircraft and flight conditions,

- make ﬁhe difference between acceptable and unacceptable pilot con~

the visual and instrument cues which they asccompoany in the aireraft.

B 6/22/73

In learning the skiilslréquired tﬁ.éperate.a specific air-
craft, the pilot must, largely through trial and error, learn to predict
the timing and Eaénitu&e bf.ébﬁtrol'iﬁputs inla vériety of flight
maneuvers, aircraft configurations'and operating environments. When
the aircraft responds to a control input, or to turbulence or to some
other external disturbance, the pilot must sense the direction and
magnitude of the aircraft response, estimate the input required to can-

cel it, make the input, observe the effect of the input and repeat the

cycle until the desired aircraft response or state is attained. Depend-

ing on the circumstances, the pilot may concentrate his primary attentic

on either the visual scene or the cockpit instruments. Regardless of

vhich source of data is primery under a given set of conditions, cockpit

motion usually provides additional information which is useful in
establishing control. Motion cues have the primary effect of alexrting

the pllot to the general nature, direction’and extent of aircraft

i

trol. The alerting function of motion cues makes it essential that

they be provided in the simulator in the same temporal relationship ¢

The perceptual limitations of the pilot permits some discrepancies

to exist between the simulator and the aircraft, but these are rela-

.- e it e e 4 e en o e e . . _‘
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tively small, and are proﬁortibnal to the norﬁai timé pefiods existing
in the aircraft, between the occurrence of motion and visual cues. In
research by Woodrow (1) and by Blakely (2)l0n the estimation and repro-
duction time intervals, from 0.2 to 2.0 seconds, 1t was found that
subjects could perceive differences of about 8% of the standard intervuﬁ.
Assuming a reasonable correspondence bétween these laboratory functions
and the timing functions in multi-dimensional aircraft control, accu-
racy of visual and motion cue coordination should be within 107 of the
felationships measured in the aircraft itself. |

1. Woodrow, H., Time Perception, Chapter 32, Handbook‘of Experimental

Psychology, S. §. Stevens, Ed., Wiley, 1951.
2. Blakely, W. in Woodrow, H., Time Perception, Chapter 32,

Handbook of Experimental Psychology, S. S. Stevens, Ed., Wiley, 1951
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__tasks were derived through a gross.analysis of crew and instructor

PG/ 73

6.2.9.14 Visual System Monitoring Requirements

.Traditionally, the simulator instructor monitors student
performance in order to provide guidance in the learning of well-defineg
tasks and to evaluate progress in the development of specific, essential
skills. In the Shuttle, the procedures and skills being troined wil
be somewhat less well-defined until operational experience becomes
available. As a result, the simulator will be used initially, as much
for the development of effECtivé and efficient opefating procedures &as
for pure crew training. The instructor will provide puidence and he
will evaluate crew performance, but he will not operate in the classic
instructor-student relationship. He will operate as a skilled and
experienced colleague in a team responsible for bringing both operatiug
procedures and crews to optimum levels of efficiency prior to Shuttle
opération.

Although the instructor will be a member of a well-
integrated team, his functions require information and control capabi-

llties unique to these functlons, to enable him to control the operatiw

l.;\-:

) situatlon for Optimum 1earning and to monitor performance parameters
which are not normally accessible to the crew in flight operation, but
which have significance for 0pt1mizlng tralnlng.

‘Requirements for instructor monitoring of crew visual

~ functions in relation to training for atmospheric and orbitai opera-

.tions. This analysis is summarized in Table 6.2.9-7,10S Visual Monitorilng
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- and processed crew and system performance data having sﬁecial signi-
ficance_forrtraining} ?his'display_will haqe:fivépbasi? éapabiiities:

'*ﬁ“ﬁ“*?“f”'?“ﬁ“”]’Performance Criteria. This display will provide a

 for acceptable performance ground track, flight path, orbiter, altitwuds

B0 f22 /13
Requirements. Two types of visual monitoring requirements were
identifiéd, one a repcat of the crew's visual scene, the other, a
graphic and alphanumeric representation of significant system performand

parameters.

Visual Scene Repeater. The vepeat of the crevw's visual

scene is important in providing the instructor with a basis for estab~
lishing rapport with the crew's problems in abort, orbital operations,
payload handling and ferxry operations. 1t is also necessary to permit
him to communicate with the crew on pointslaf emphasis in visual pre-
cedures, which may escape the crew in their preoccupation with the
taslks themseives. The instructor éhould have enough information in
his display to be able to sce the same spatial relationships and

vehicle attitudes as observed by the crew in their visual scene.

Graphic Display. The instructor's job is to facilitate

learning through interpretation and guidance of crew performance. The

4

graphie disblaylﬁili facilitate these funetions by providing both raw

!
i

e R T

praphic representation of the performance required of the system in

cach relevant pission task anrd maneuver, and of the criteria establishe

sttitude and other similsr parametexs will be displayed in graphic formi

ro minimize requirements for iunstruetur svperpreration of discrete datal

'

L

f
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Some parameters, such as orbital velocity, closure
lrates and the proximity among effectors, cargo bay payload, gpace
station, etec., will be displayed in alpha-vuircric (L.e., as discrete
data) form. Dépending on the crew task, it vill I+ nocessary to dis-
play some parameéters both graphically and numerically, te support

selteylin of performence trends as well as diagnosis of specific
sources of sowe tronds. Cuvrent display systems will permit alpha-
numeric and graephic data to be displayed at the same time on the sane

disnplay., This requirement was deleted for economy reasons.

Crey Performsnce. The instructor can monitor scme

crew performence by observing the visual system repeater, but precise
information will require the graphic and alphanumeric capability.
Simultaneous Hisplay of ideal performance, the acceptable performance
envelope and current performance will permit the instructor to i

trends and provide guidance on a timely basis. This requirement was

deleted for economy reasons.

Performance Comparison. l;nféddition to displaying

: “fdesired and actual performance at the same time, summary data repeating

tho magniﬁude and direction of discrééancieé.ﬁiii-ﬁe'disﬁiéfed; to
" minimize the!degree‘of‘interpretation required of the instruétor in

identifying performance trends and in providing guidance. This re-

quirement was deleted for economy reasons.

Display Orientation. The graphic display will be able

to be viewed from any angle, regardless of the orientation of the crew

t H

to the tosk situation under consideration. This will permit the

instructor to view the effects of crew performance from a point of

SINMULATION PRODUCTS DIVISION -
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quirements and operating circumstances.

‘trial and error learning where possible. In unpowered returns, and
‘during ferry flights when engines are available for go-around, crew inpt
‘have extreme, and under many circumstances, Irreversible effects. " The

graphic display will display required system performance, current

view not available to the crew. The view of a docking exercise, for
example, can be rotazted so that it is seen at right angles to the crew's
normal orvientation. This will make closure rates and vehicle/target
alignment more obvious to the instructor than would a simple repeat of
the crew's visual scene. In addition, re-orientation of the graphic
display will provide the instructor with greater perspective concerning
the quality of crew pexrformance and of mission procedures as well., 1It.
will also be possible for crow menbers to cbserve the repeated display

to form a better understanding of the dynamics of many mission tasks.
This requirement was deleted for economy reasons.

formsnce Extrapelation. Almost all crew performance

is characterized by an attempt on the part of the crew to predict the
effects of inputs on the performance of the system. One aspect of the
instructor's job is also to predict system performance so that he con
help the crew to make appropriate responses. Ordinarily, both creuw

and instructor predictions are bhased on ¢xperience with the system and
1Y Y

the operatlng env1ronment in faét,'crew 1earning is'largely'a matter

of galnlng experlence w1th the system by generatlng, employlng and

‘ t

evaluatln0 reqponoos to specific eomblnations of mission and task re-

'
i ! :
e

——

It is important in the Shuttle system to minimize

F.398.8.A
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instructor the eventual effects of specific crew actions.

perfovmance and extrapolations of current performance to show the

This will

and landing, where decisions made

be particularly important in approach

at 50,000 ft. will determine the capabilities available and the kinds

of decigion

o

s which must be made at 10,000 ft. and cn final approach.

are deployed too soon, for example, an extrapolation

If - speed brakes

of ©h peth to the touchdown point will help the instrucT

e yosuloiey £lighi

tor to guide the crew in selecting the corvect soint for speed brolo
g I

deployment on the next approach.

data i

Both displays of visual task will be uscd pri-

marily by the flight crew and payload handling crew instructors. Doth

fERaRs

should also be available to the crew members themselves, for referc
during debriefing. They should algo be availsble during pre-trainirg
briefings to facilitate crew preparation fér.training préctice, throeugh
playback of priof training sessions or of prepared idealized or ropre-

_ sentative performance. These requirements were deleted for economy
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A L3

AP I B

5visual Graphics

Visual Graphic masters are required'due to the normal breakage

occurred during the cperational phase of the simulator.

.
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6.2.10 Shuttle Systems Simulation Software

$.2.10.1 Electrical Power Svstem

The simulation of the electrical power system of the shuttle vehicle
is required to the level that all crew djsp1ay and telemetered data responses are
realistic for both value and time response to commands and switching logic. The
simulation requirements, as specified in Volume I, are based on the recuirement
that adequate in-depth crew training must be provided for study of normal operating

life support systems and of malfunctioning svstem comnonents.

Sensor accuracy is normally only + 1% maximum over the ranae of the

sensor. An accuracy of + 1% of the most sensitive sensor simulated was therefore

chosen as the determining factor for system display accuracy for items such as
voltage and current,
Accuracy of simulation is not only based on the equations and method

used in soiving the equations, but also on supplied data. Data on electrical

power loads normally has an accuracy of + 5% for large loads and + 10% for small

loads (Experience factor from Skylab, CMS, and LMS). Battery performance data has

in the past not been available until post-f]ight,'therefore all simulation

equations are based on theoretical batteries.

- able because of the Dropr1etary nature of the data.

" dynamic data normally has an.accuracy of + 20%,

IFue] cell data has not beentavai1-

Supolied fuel "ell thermo-

Again, theoret1ca1 data must be

,used. A past simulation technique used in EPS has been ﬁo ;imu1ate ﬁinor Toads
(1 to 2 watts) as one accumulative load under control of the instructor. These

ioads remain as gross est1mates w1th accuracies of + 10%. A1l of the above

factors contr1bute to errors which become apparent normally 0n1y after a simulation

=3 TP,
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run of eight hours continuous. Over shorter periods, these errors are not

monitorable or detectahle by crew or telemetry. Items simulated which are in

this category of errors are battery watt-hour indicators and fuel cell temperature.

An arbitrary accuracy of + 10% of the real world range measurement over an pighi-

hour period was selected.
The simulation meter and display response is Lased on having non-detectahle

meter motion after two seconds of computations. At five iterations ner second,

4

this will allow ten cycles of comnutations for the simulated system to “"settle” to

the + 1% error. Since meter movements normally have 2% hysterisis, the meter

needie should remain motionless until an input parameter or load transient occurs.,

The display and control converters normally are 5 watt to 10
watt units. To account for all the loads and providé realistic transien
loads would require approximately 20,000 additional instructions at
{ive per second or 100,000 instructions per second. Tn addition ot . ;

The EPS simu-
below 3.0 watt:

loads here are normally in the range of $-50 milliwatts.

lation neglects individual simulation of electrical loads
and lumps these loads ipic o, - wonotant load.

To account for transient loads b; software where the load pulls
down the lightii~ level would requive extonsive digitally controlled
If it is felt that this is significant, the elec-
7 ﬁrical Ioéds of.the lighting or converter circuits could be actually
. placed on a current limited device to simulate resl world conditions. |
~This would be expensive but can be done without softwarc leading simu~f

lation.
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6.2.10.2 Mechanical Power System

The simulation of the mechanical pover system of the shuttle vehicle
is recuired to the level that all crew display and telemetered data responses
are realistic for both value and time response to commands and switchina loagic.
The simulation reauirements, as specified in Volume I, are based on the
requirement that adequate in-depth crew training must he provided for study
of normal operating 1ife supbort systems and of malfunctioning svstem components.

Sensor accuracy is normally only +1% maximum over the range of the
sensor. An accuracy of +1% of the most sensitive sensor simulated was
therefore chosen as the determining factor for system display accuracy for
items such as speed, temperature, and pressure.

The simulation meter and display response is based on having
non-detectable meter motion after two seconds of computations. At five
iterations per second, this will allow ten cycles of computations for the
simulated system to "settle" to the +1% error. Since meter movements
normally have 2% hysterisis, the meter need1; should remain motionless

until an input parameter or load transient occurs. A S

6.2.10.2.1 Auxiliary Power Unit

The accuracy of s1mu1at1on of the aux111ary power unit- over 1ong
simulation runs is based on having good experimental performance data made
available. With test data made available the simulation of such items as

fuel quaﬁtity remaining shou1drbe able to be held to +2% over an eight
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hour simulation run. Without aood data, the simulation fidelity will

probabiy te +10% - based on theoretical performance. The selection of the
+2% value was an arbitrary selection based on exnerience from CMS and LMS

simulators.

6.2.10.2.2 Hydraulic Power Unit

The accuracy of the simulation of the hvdraulic system is based on
the fact that the system does not have consumahles. For that reason, the
hydraulic system accuracy was arbhitrarily selected as +2%. A hicher
accuracy than this is not wafranted. Neither the crew displays or telemetry
data is monitored with performance tolerances in this range.

The largest error in this system will probably be in calculation
of heat transfer. The theoretical coefficients for the transfer equations
are normally +5% in accuracy. Temperatures of the hydraulic fluid are
most seriously affected by these eyrrors. If test data is avai]éb]e, the

temperature should he able to be controlled within +2%. This rationale

i

is based on previous CMS, SLS and LMS simulations.
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6¢.72.10.3 Main Propulsion System

The simulation of the main propulsion systen of the shuttle vehicle
is required'to the level that all crew display and telemetered data responses
are realistic for both value and time response to ccnmands and switching logic.
The simulation requirements, specified in Voluﬁe I, are based on the requirement
that adequate in-depth crew training must be provided for crew safety procedures

for both normal flight and malfunction abort sjtuations.

Sensor accuracy is normally only + 1% maximum over the range of the sensor.

An accuracy of + 1% of the most sensitive sensor simulated was therefore chosen

as the determining factor for system display accuracy for items such as pump

" speed, temperatures, Or pressures.

The simulation meter and display response rate requ1rement is based on
having non-detectable meter motion within one second after a system change. At ten
jterations per secend, ten cyc]es of computat1on w111 a110w the simulated system
to “settle" to the + 1% ervror. m |

Thrust computations and mass calculations are essentially based on the

}

~allowable error in thrust cutoff time. Previous simu]ations have had a maximum

'“a110wab1e difference of + 0.5 seconds as’ compared to the reference trajectory

data. At cutoff the body acce1erat10n is approx1mate1y 97 ft/sec2 With the
max imum cutoff t1me errovr of 0.5 seconds, a ve10c1ty error of 48 fps can be

accumu]ated Of the 48 fps, approxamately 50% cou1d resu]t frOm aerodynam1c ;:

model simulation errors. This allows a maximun propulsion error simulation of

24 fps. Up to staging the average vehicle mass is approximately 100,000 siugs.
A 1000 16. thrust error up to this point of'trajectory would only amount to 1 fps

error. - However, foilowing the second phase of boost, the average vehicle mass is

‘approximately 30,000 slugs. With a 1000 1b. LETUSL error, t t]uJLuLOFj VF1OL!LJ

would be in error approximately + 15 fps at the end of a 440 second burn. Th1s
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velocity error would be within the allowable tolerance.

Refer to rationale for Weights and Balance and

F.308.8.4 —

Equations of Motion.
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6.2.10.4 Reaction Control System

The simulation of the reaction control system of the shuttle vehicle
is requiréd'to the level that all crew display and telemetered data responses
are realistic for both value and time response to commands and switching logic.
The simulation requirements, specified in Volume [, are based on the requirement
that adequate in-depth crew training must be provided for crew safety procedures
for both normal flight and malfunction abort situations.

Sensor accuracy is normally only + 1% maximum over the range of the sensor.
An accuracy of + 1% of the most sensitive seﬁsor simulated was therefore chosen
as the determining factor for system display accuracy for items such as engine
thrust,temperatureé, or pressures.

The simulation meter and display response rate requirement is based on
having non-detectable meter motion within one second after computation. At ten
iterations per second, ten cycles of computation will allow the simulated system
to "settle" to the + 1% error. )

Thrust computations and mass calculations are essentially based on the

al]owab1e error in thrust at cutoff time. In manual attitude or translational

I contrel mode, the human in “the Toop cannot disfinguish between bﬁrn'periods to

3

an accuracy greater than 0.1 second. Since the thrust of an RCS jef.is approxi-

mate1y 1000 lbs ,the tota] spec1f1c 1mpu1se allowing a + 0 1 second dev1at1on

as the resu1t of manuaT control error would be less than 100 b seconds In an

automatic or computer controlled mode, the cutoff t1me js accurate to + 0.001

seconds. The'maximum allowable simulation error then becomes 1 1b-sec under the
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6.2.10.5 0Orbital Maneuvering System

The simulation of the orbital maneuﬁerinq'system of the shuttle vehicle
is required to the level that all crew display and telemetered data responses
are realistic for both value and time response to commands and switching logic.
The simulation requirements, specified in Volume I, are based on the renuirement
that adequate in-depth crew training must be provided for crew safety procedures
for both normal flight and malfunction abort situationrs.

Sensor accuracy is normally only + 1% maximum over the range of the sensor.
An accuracy of + 1% of the most sensitive sensor simulated was thérefore chosen
as the determining factor for system display accuracy for items such as pump
speed, temperatures, cor Dressures. ‘

The simulation meter and display response rate reaquirement is based on
habing non-detectable meter motion within one second after computation. At ten
iterations per second, ten cycles of computation will allow the simulated system
to "settle" to the + 1% error. |

Thrust computations and mass calculations are essentially based on the

_allowable error in thrusf cuto%f time. Equatibn of motfoﬁ requirements have a
maximum allowable difference'bf + 2. Olsecond as compared to reference trajectory
data. Dur1ng deorb1t burns,ua maximum burn time of 20 minutes is possible for
V;Jone engine out in hlqh orbit. Th1s burn_ t1me requirement dictates a maximum

allowable error of + 0.2% or + 20 1b. thrust (or 40 1b-seconds total specific

impulse) and a mass accuracy of # 0.2%.

o
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6.2.10.6 Air Breathing Engine System

The simuiation of the Air Breathing Engine System of the shuttle vehicle
s required to the Tevel that all crew display and telemetered data responses are
realistic for both value and time response to commands and switching logic. The
simulation requirements, specified in Volume I, are based on the requirement that
adequate in-depth crew training must be nrovided for crew safety prbcedures for
both normal flight and maifunction abort situations.

Sensor accuracy is normally only + 1% maximum over the range of the sensor.
An accuracy of + 1% of the most sensitive sensor simulated was theréfore chosen as
the determining factor for system display accuracy for items such as pump speed,
temperatures, or pressures.

'The simulacion meter and display rasponse rate requiremeﬁt is based on
having non-detectable meter motion within one second after computation., At ten
iterations per sacond, ten cycles of computation should allow the simulated system
time to "settle" to the + 1% stabifity error,

The system calculation accuracy requiremenfs are essentially based on the
assumption that the data made available on the F4D1 PW-400 Pratt & Whitney eng1ne
and on the fuel suppTy syqtem w11l not be known to an accuracy - o ?

greater than + 4%, It is des1rab1e that the eng1ne thrust and fuel. weight have
_ ) i
greater than th1s accuracy, therefore for these two items an accuracy quu1rement
' of ha 2% was ca]]ed out, AT] 51mu1at1on accuracy for th1s system w111 be based

on data to be made available.

__F.3%8.38
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6.2.10.7 Solid Rocket Motor

1

The simulation of the Solid Pocket Motors of the shuttle vehicle is renuired
to the Jevel that all crew display and telemetercd data rosnonses are realistic
for hoth valus and time resnonse to commands and switching logic. The simulation
requirenents, specified in Volume I, are based on the recuirement that adequate
in-denth craw trainina must be nrovided for crew safetv nrocedures for hoth normal
flight and malfunction abort situations.

Sensor accuracy is normally onlv + 1% maxinum over the range of the sensor.
An accuracy of + 1% of the most sensitive sensor simulated was therefore chosen as
the determinina factor for system disnlav accuracv for items such as pumn sneed,
temperatures, or nressures. |

The simulation meter and display response rate requirement -is based on
having non-detectable meter moticn within one second after commutation. At ten
Tterations per second, ten cycles of comnutation should allow the simulated system
time to “"settle" to the + 1% stability error. h

The system calculation accuracy requirements’ are essentially hased on the
assumntion that the data to be made availahle on the solid rocket engines will not
be known to an accuracy greater than + 2%, It is required that the
engine thrust and fuel weight data for the engines have greater than this
accuracy; therefore, for theseiitwo itemﬁ an accqracy requirement of +.0.05% was

ca]Ted'out. ‘A11 s{mu]ation accuracy for this system will be based on data to be

. 1 1 '
1 i N r

~made available.
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6.2.10.8 External Tank

The simulation of the External Tank Separation system of
the shuttle wvehicle is required to the level that all crew display
and telemetered data responses are realistic for both value and
time response to commands and switching logic. The simulation
requirements, specified in Volume I, are based on the requirement
that adequate in-depth crew training must be provided for crew
safety procedures for both normal flight and malfuncticn abort
situations.

Effects of the sloshing of the fuel mass is an unknown factor
with respect to vehicle guidance and control dynamics which is de-
tectable by the crew, Until additional data is made available,
it is assumed that the G&N nulls all sloshing so that the effects
are not noéiceable:-- o - | o | |

The range safety ordinance equipment is not requifed for
simulation since it does not provide crew ;raining.

'All other equipment located in the external tank is simulated

& B
Rocket Motor
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6.2.10.9 Guidance, Mavigation and Control

i
e

6.2.10.9.1 Aerodynamic Flight Control

It appears from most recent design data that a digital ASAS will be
used, and be incorporated into the on-board computers. Thus, only the aero-
surface actuators and the air data system remain to be simulated apart from
on-board computers. If additional portions of the aerodynamic control system
are removed from ;he on-board computers, this will require a specification
change. Aerosurface positions are required for aerodynamic control and dynamics-
simulation, and hydraulic flows for hydraulic simulation. Insufficient data

| is available at this time to establish the exact degree o6f simulation required
of the aciuator servos in either nominal or hydraulic failure cases. General
standards for determing these are known, however, and are specified. It may be
that time constants are sufficiently small and actuator torque capability
{nominal and malfunctioned) vs. anticipated hinge moments are such that dynamic
simulation of the actuation system is not required for éccurate surface or
control system response. Real world hydraulic pressure monitors may be used

- to disengage failed channels, and should in that case be simulated. Effects

of malfunctions upon response characteristics must be simulated if significant

-

. S1mu1at1on of load-limiting bungees, etc , may be necessary for proper response,

r—but this is not now known.. Air data readouts must be consistent with data

‘ used in s1mu1ated veh1cle aero, except for any n0m1na1 sensor d1spers1ons

- Un1ess prOper precauttons are taken, severe trans1ents may occur in the simulated

system upon passing from reset to operate. Insofar as these transients have no

“"tion should be forbidden.

"real-world analog, they should not be present. Of course, if a gust hits an
| aircraft immediately upon transferrinb to Operate, that transient should be

- simulated. Only transients arising from numerical problems in the simula-
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6.2.10.9.2 Spacecraft Flight Control

The MPS and OMS Thrust Vector Control systems must be simulated for
proper rotational dynamics during periods of thrusting.. For proper simulated
response and écntro] authority, position and rate 1imits must be properly
simulated. Response accuracy requirements are driven by both open and closed
Toop reqdirements. Not only must the simulated gimbals respond to commands in
the proper fashion, but the full closed-loop dynamics-control loop must also
respond reasonably. The two tequirements are not synonymous, 50 both must be
specified. Design of MPS TVC system should not preclude simulation of bending/
sloshing modes, providing that iteration rate penalties are not excessive.

The highest frequency dynamic mode currently advertised is 3.25 HZ. Frequencics
up to about 1/4 the sampling frequency can ordinarily be handled reasonably weil
using sampled data methods. Thus, simulation fidelity up to 4 HZ should be
achievable at 20/sec iteration rate, and will probably be adequate to represent
dynamic modes. A 4 HZ limit should also cover most re&dily perceptible
oscillations. More precise tolerances may be placed on TVC response when design
data becomes available. Simulation of all sensors (star tracker, horizon sensor,

rate gyros, body accelerometers) is required for realistic control loop simula-~
¥ ¢

o tion. It appears that pickoffs from the star tracker will be azimuth and

" elevation angles with respect to body-fixed boresight. If this is changed, the

specification should be altered accordingly. Field-of-view for wide scan, fine
scan, tracking, and other star fracket modes must be correct for proper simula-
tion. The same is true for horizon sensor field-of-view. Star tracker and

horizon sensor errors should be comparable to real-world errors for proper

. .
- operation of the on-board computer navigational filters. Provision should also

be made for instructor control of dispersions. This has been a useful tool in

prior simulators, Quantization errors, being essentially determined by the

e e s romomes e b b s e e et merRam S e v et e o+ < iprcim etk
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input data, should always be simulated unless their magnitude is insignificant.
At present, inadequate information is available to judge their significance.
Accurate simulation of star tracker. search speed (if slow enough to be noticeabTeJ
and detectable visual magnitude threshold is needed for accurate response
characteristics. The simulated horizon sensor's sun detecticn capability and
response must corpare to that of the real viorld device to prevent seriously
erroneous response on that cccasion. Rate sensors and accelerometor: rust Le
simulated for control loop feedback. Accuracy limits are looser here, since
these devices should not affect on-board navigation. Error large enough to be
noticeable will probably require malfunction rather than dispersion, so instructor
contrel of dispersions is not specified. Quantization error will probably be
insignificant for these devices, but might not be. The avionics bay may be 50
feet from vehicle c.m., so. transverse and certrifugal forces cn acceleremeters
displaced from the veh1c1e c.m. could be significant. Exact accelerometer
positions.are rot known, but the avionics bay appears fo be a 1ikely location.
Precise estimates of transverse/certrifugal force significance also await firm

definition of the appropriate control loops. Significance of those effects

was marginal on the Saturn 1B, but the shuttle 1s a much less symmetrical vehiclc,
: and may well have more serious aerodynamic effects as well as a less responsrve

. increase the magnitude of these d1sturb1ng forces. NAR data on the proposal

are possible under certain wind conditions, which great]y exceed Saturn values
previously simulated. If body bendTng simulation is required, the requirement
that rate sensors reflect rates at the1r physical pos1t1on rather than rates at

the c¢.m. should be added.
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6.2.10.9.3 Inertial Measurerment Unit

The on-beard INU's wmust be simulated in order to provide the on-
board computers (and on-board d1sniays) with vehicle attitude and current
accumulated velocity from body accelerations (i.e., non- ~gravitational accelera—
tions - thrusting, aero effects, etc.}. As IMJ realignment is one of the more
important on-board navigational tasks, it should be simulated, requiring the
simulated IMU's to possess the same realignment cepabiiity as the actual devices.
The same operating modes and self-test are required for realistic crew interface.
Correct Electrical Power System simulation and training requires the IMU inter-
face be simulated properly. IMU's ordinarily require a warm-up period following
restoration of power before becoming operational . Temperalure variations
ofdinarily inffuence IMU accuracy significantly, and should be simulated. As
a result, special temperature control systems are usually present., If this is
the case forlshuttle, both temperature effects and temperature control (which
should interface significantly with Electrical Power and Environmental Control
systems) should be simulated. The shuttle IMU will be all-attitude, so no
gimbal lock condition exists. Since real-vorld IMU's reflect vehicle dynamics

'(plus dispersions), the simulated devices should reflect simulated dynamics
(namely, the equations of motion), plus dispersions. To avoid unrealistic

' ‘navigational errors, th;ﬁsimu1ated IMU's, in nominal operation should follow the

A eqyatipns of mot{on.with"no more than‘reaI-world_magnitudes of dispersion. For
proper simulation of on-board navigationa1 activities, however, the IMU's should
not be perfect; 1i.e. » they should reflect dispersicns in attitude (and sensed
linear acceleration) similar to those of the actual devices and require pericdic
realighment. Instructor cepabilily (o vary aizpersions {drift, bias, etc. ) has

_ proven useful in the past for training in off-nominal conditions. Quantizaticn

error will quite possibly be significant, espec1a11y in accolcrometer. readouis.,
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In the raTfunction list, a 4-girballed MU is sometimes assumed. No final
decision has currently been made hetween aimballed and strandown U's for the
shuttle, but qimballed devices are baselined. he malfunction list should he
revised and possibly the specification made more specific if a strandown device
is selected. If "local horizontal hold" type attitude extranolation is used
or selected for "sten ahead" mode, the IMU's must reflect resulting channes in
inertial attitude upon returning to normal operation followina the step ahead.
Otherwise, the simulation is not returned to normal oneration in a fully
operable condition.
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6.2.10.10 Cormunication ard Tracking

6.2.10.10.1 Havigation and Landing Aids

The siinulated NAVAIDS correspond to the equivalent on-board and
ground hased eguipment to be used for the shuttle with the exception of GCA
Radar and the Micrewave Landing System.  No requirement has been stated for
GCA radar, however, ground landing stations are generally so equipped and
simulation should be included for the instruction displays. An auto land system
has been proposed for the orbiter, however, the methods have not been detailed.
It is assumed that a system similar to the Microwave Landing System will be

required and is therefore included in the simulation requirements.

/
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6.2.10.10.1.1 S-Band System

6.2.10.10.1.2 VHF System . o

Simulation of the S-Band voice and data communication link is
required to provide I0S crew communication and crew displays and ielemetered
data responses that are realistic for both value and time response to commands
and switching logic. The requirements describe a simulation system that will
provide adequate in depth crew training for crew safety procedures during both

normal and malfunction flight situations.

Simulation of the carrier and sub-carrier frequencies is not requived

because the crew does not change freguencies on the S-Band transmitters and re-
ceivers during flight, |
: The telemetry data is transmitted continuous during integrated

modes of training to provida total data to the GSSC system. The loss-of-signal
booleoon camp1e;es the simuiation where required for other simulators.

A dedicated S-Band voice Tocp is required for total vehicle simula-
tion. A direct line provide a means of communication for checkout of siwmulator
operations during training when the simulaticn i¢ not in contact with a ground

r

station.

. Simulation of the VHF vo1ce commun1cat10ns 11nk is requ1red to

prov1de I0S crew communication and crew display responses that are realistic

" for both value and time response to commands and switching 1og1c. The require-

monls cescribe a simuiation system that will provide adequate in depth crew
training for crew safety procedures during both normal and malfunction flight
situaticns,

Simulation of the carrier frequencies s required because the

crew does change frequencies on the VHF transmitters and receivers during

flight.

L T S U O TR
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During non-integrated and possibly some integrated modes of

training the 10S must provide the voice responses the crew would expect from

& ground station.

6.2.10.10.1.3 Audio Communication Center

The Audio Communication Center must be simulated to provide the

input/output Togic to the communication systems of interim UifF

iy

VHF, S-Band,

and to the navigation system audio devices. A1l logic of the system must be

provided for crew tr

for both value and response rate.

F.308 |

aining with overall communication responses that are realistic
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6.2.10.11 Instrumentation Svstem

The simulation of the Instrumentation Systém of the shuttle vehicle
is required to the level that all crew display and telemetered data responses
are realistic for both value and time response to commands and switching logic.
The simulation requirements, specified in Volume I, are based on the requirement
that adequate in-depth crew training must be provided for crew procedures
for both normal flight and malfunction situations.

The simulation display response rate requirement is based on having
non-detectable response delays following switching or command inputs. Two
iterations per second is as slow asanelectrical system can be run without
having this noticedble delay.

A1l recorder functions are assumed to be furnished by GSSC. Switch
position and/or relay status are to be transferred to GSSC for control of
recorders. |

Each simulated system is to include signal conditioning boolteans prior
to display or transfer to telemetry where app]1cab1e

Under the present simulation concept all GSE PCM data ﬁséd.%or prefoght
checkout are to be handled as an I0S function. If the GSE provides‘computagion

| of parameters for comp]iancerfo tolerance limits during preflight checkout,
it may be required to establish a special softwarélrbuifne for the in;tructﬁfm
- display parameters. Ma]funcfions in the GSE PCM Link are ;eqﬁired only where
crew training shall result.

A1l sensor power provided by the Cau}ion and Warning System has  the
same characteristics as instrumentation ;igna1 conditioning. Interface defini-
tion of whethor parameters are to be tested by the Caution and Warning program

or by the generating software programs is a conceptual design task.
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.10.12 Environmenta1-Control/Life Support System

provide EVA/IVA to the simulated environment. Instruments are satisfactory for

reirtoined at a comfortable level by air conditioning.

B 6/22/7

The simulation of the ECS system of the shuttile vehicle is required to
the level that all crew display and telemetered data responses are realistic for
both value and time response to commands ard switc.ing ic ¢gic,  The simuiation
requirements, specified in Veolume I, are based on the reguirement that adequate
in-depth crew training must bo provided for crew safety procedurcs for Loth
normal flight and malfunction situations.

Sensor accuracy is ncfmal]y only + 1% maximum over the range of the
sensor. An accuracy of + 1% of the most sensitive sensor simulated was therefore,
chosen as the determining factor for system display accuracy for items such as
flow rate temperatures, or pressures.

The simulation meter and display response rate requ1rement is based on
having non-détectable meter motion within one second after computatico
At five iteratiocns per second, ten cycles of computation will allow
the simulated system to "settle” to the + 1% error.

The minimum respense rate of this system is based on having accurate
éimu]ation of gas/liquid flows 1nmed1ate1y fo110w1ng a transient or valve opening.
Five ﬁmraﬁonspersecmm will also provide this response rate réquired.

o Simﬁ1ation 6f parémeters is réquired ohi} td_fhe éktént-that(crew Hisp1ay‘
or ground T/M can display the system. During re-entry it is felt ‘the interfaces
between ECS and TCS and TPS will require response to vapidly changing heat rates.
It is not felt that an active cabin wall temperature cue is required for training.

Because of the nature of the training conducted, that isfor shirt-sleev

environment, it is not necessary to dondition the crew station atmosphere or

this training requirement. The interior of the crew station shall be

[1]
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The long term simulation error is given as + 10% because of the many

assumptions and simplifications of heat transfer and balance equations. The

rer

data provided of the shuttle heat transfer ccefficients will prcbably have 5%

error. Llack of data will require assumptions to be made where data is necessary.

c

o
O

Efficiencies of heat exchangers, pumps, and heaters will be at best within

of the final design. Test results will also be available either after design of

the simulation or not be made available until the maintenance phase of simulater
operation. These many unknowns are typical of previous space vehicles, and, it is

felt, will be typical for the shuttle.
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6.2.10.13 Payload Accommodation Systom

No reguirement is specified for payload recorder simuiation, Spe;ialized
pavlozd recorders may not be present on all missions. If present, there is no
apparent provision for on«board.reduction of payload recorder data. Recorder
data con be decoded later on the ground, cr perhaps recordings may be mounted
and transmitted to ground via the orbiter communication system. Thus, there is
no crew training value in recorder simulation. During integrated runs, in the
apparently unlikely event that payload recordings are played back to the ground,
the GSSC complex should be able to handle this task, as specified in paragraph

6.2.5.8. -

.........__.;___;_ e R TR~ SN
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6.2.10.13.1 Interfaces _

The simulation of the interface between the payload and the shuttle
vehicle is reduired to the Tevel that all orbiter crew display and te]emefered
data responses are realistic for both value and time response to commands and
switching logic. The simulation requirements, specified in Volume I, are based
on the requirement that adequate in-depth crew training must be provided for

crew safety procedures for both normal flight and malfunction situations.
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6.2.10.13.2 Payload Structural Attachment

6.2.10.13.3 Payload Denloyment and Retrieval Mechanism

N d1sp1ays, and s sensors. Accurate control: response requ1res motor and servo loop

‘~w111 apparent1y be used in the real vmr]d svstem in the contro1 1oop, for crew

rs1mu1at1on To tra1n pos1t1ve1y in man1nu1ator gperation, contro] response must

A 3/23/73 B INGHAMTON, NEW YORK . REP. NO.

Payload attachment/release is a significant event in the retrieval/
deployment process, and should be simulated. Attachment fittings should have
simitar contact rate constraints to the real world system to avoid negative traininc.
Upon release, EOM for the payload must be initialized dynamically, as initial
value is detenmined by orbiter translational/rotational state and attach position.
Since payload mass may be up to 2/5 orbiter mass, reactions of all forces exerted uno
the payload should be simulated. The trunnion guides may have significant effect nn
relative state, which should be nimulated by maintaining both vehicle states |

correctly.

As the primary device used by the crew for payload deployment and
retrieval, the ménipu]ator arm must be simulated. Angular position and velocity
of joints should be maintained to incorporate joint position/velocity limits, for
display purposes, and for checkout and discrepancy tracing purposes. In order to
simulate propér]y control characteristics and decal bands, dynamics accuracy must
be well within contro] accuracy. A tolerance of J/3 control accuracy should assure

minimum distortion of deadbands and responses. The tachometers and potentiometers

1

be accurate to w1th1n operator percept1on, with any payload within design tolerance.
EP8 failures or overloads should effect the simulated -manipulator in the expected
way, and the man1pu1ator drive EPS realistically in order to properly simulate EPS.

1t is not clear what physical or e1ectr1cal 1imits will be incorporated into the

real-world manipulator system at this time, but all sources appear to agree that

' i H - . ; . ) .
i i . : . i : - : ) : : . i ; : . . 1

o
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. this point, it appears that the best procedure is to require the simulation of a

- may be adv1sab1e as man1pu1ator desrqn becomes better def1ned The contact and

- berthing 1nd1cators are specified in some designs, and must be s1mu1ated if present.
6.2.10.13.4 Payload Doors fi k ? ;_i Co R

" of payload deployment/retrieval and the operation of the space radiators.” The

“to prevent negative training. "Hinge operation must be simulated faithfully to

“grasping type device, and require modularity for ease of modification. Revision

one or more of these joint Timits will be present: nposition limits, torque 1fmits,
velocity limits, and/or runaway actuator limits. Details of manipulator desian do
not appear fixed at this time, and the remaining specifications may require altera-
tion at a later date for this reason. The current specifications are based on
several designs, and are not inconsisteet with any specific data on known desiqns.
However, certain designs are not well documented, and if adopted may not reauire all
the specifications for their simulation. Redundant torque motors rust he simulated,
if present, for proper malfunction reccvery. Braking and checkout systems will
presumably be present on any desian. Some desians use the checkout system as a
backup direct arm control mode, which must be simulated if present. The terminal
device must be simulated to provide training in arm operation. One kind of terminal
device, one which "grasps" payloads, is generally agreed upon by all sources as
present or available on the manipulator. In payload deployment/retrieval missions,
it (or something quite similar) is going to be necessary. Some system descriptions
provide alternate terminal devices, which are rarely well defined as to confiquration

or utilization. Thus, it is hard to determine training requirements for them. At

Wrist TV orientation must be provided to the v1sua1 system

n e [P R —— e — ¢ s e e o [ g RO

| ! ) H

The position of the payload doors effects the feasibility and execution

proposed door design is éegmenta11y ope?éb]e, requiring the simulated doors to be

so operahle. Door latchina must be simulated analogously to real world operation
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achieve reasonable door dynamics. Mass properties, moticn rates, etc., of the
payload doors/space radiators are not. now known. It is difficult to tell what
noticeahle effects reaction torques, etc., will have unon vehicle dynamics during
door motion. Some crude simulatian is probably required, and a aeneral specifi-
cation for same is included. To require that angular momentumrbe conserved
(assuming no RCS firings, etc.) fn the dynamic system may be tnnecessarily strinaent
for training purposes, for it is not clear that such accuracy is required to provide
trainina cues. The doors will be used, in the proposed design, to denltoy the space
radiators, requiring the structura) interface be simulated. The manipulator will
be latched to the doors, during boost and entry requiring that Structural interface

be simulated to train in manipulator deployment/s towage.

6.2.10.13.5 Rendezvous and Docking Sensor

The phase C/D RFP specifies this piece of equipment.

[
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ld.l3.6 Aft Crew Stations

Since the interface between the payload accommodation system and the
crew controls/displays has an obviously significant effect on crew activity and
payload accommedation system operation, it must be simulated. For realistic
training simulation, each crew control and display should be operable and should
exhibit reasonable response characteristics. Crew training also requires mal-
function capability.

10.13.7 Payload Bay Lighting

Lighting of the payload bay will have significant effect upon crew
capability to perform payload manipulation, visual monitoring, and other signifi-
cant payload bay related activity. For realistic training, the 1ighting should
reflect off-nominal conditions in the electrical power system.‘ For realistic
simulation of the electrical power system, power loads due to the floodlights
need to be simulated. Floodlights attached to the manipulator arm wrist-to-hand
beam are movable and may have orientation changed a1oﬁg with said beam. This will
significantly affect illumination around the manipulator terminal dévice, and must
be simulated. Other floodlights may not be fixed in orientation. If so, for

i
proper training, the simulated lights must be moveable. It may be possib]e to re-

wor1ent other floodlights, and perhaps even optionally automat1ca11y track ‘the

h~term1na1 device with certa1n floodlights. If this capab111ty is prov1ded, it

b e g c—— - .;.,,‘,,14,_.1 —— e

shou1d be simulated for rea11st1c tra1n1ng

.10.13.8 Paﬂoads' RN T T A

Because of the substantial changes in the rature and characteristics
of payloads between shuttle missions, payload simulation is one of the most diffi-
cult and dangerous areas to specify. Creaf{on of a full fledged‘high1y accurate
simulation for each payload would probably be astronom1ca11y expensive, It would

also probably be unnecessary. Training requirements are not crysta? clear at

R e et e n b e e e b ,4«,,,_,..}_.__.!-.__._;:# b e ey =
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R certa1n payload-related d15p1ays will be on permanent pane]s, which increases the

f-to concentrate on driving these panels., If particu?ar-pay]oad-unique display

this point, but it weould appear that for most payloacs, there would be 1imitcd
training value in a full-up simulation of, for example, the payload electrical
power system. For a few payloads, like perhaps the‘space tug, there might be
training value to Justify at Jeast a moderately detailed electrical power simula-
tion. Much the same thing can be said about many other payload on-board systers.
Writing a new on-board system simulation for each payload, and maintaining sar
for recurrent payicads, would probably absorb exorbitant engineering, programming,
aind checkout tipe. However, since certain rayload on-board systems interface with
orbiter systems when attached, and with payload dynamics when not attached, and
since certain permanent display panels, (e. 9., caution and warning) may be devoted
to payloads, training value of payload simulation will probably not be insignifi-
cant. If a generalized simulation of all or certain on-board systems could be
written which could drive certain displays, dynamics, and/or orbiter systems
realizticelly, end such that payload reconfiguration would involve only altering
values of reset terms, it would be desirable. Cost would not then be 1n0rd1nate,

and additional training capability would be gained. It is difficult to evaluate

the extent to which v ~yld be worthwhile at this point. Characteristics of many
of the individual payloads éne unknown, orbiter systeirs are often not altogether

L4 <]

well defined, and payload-related displays are i11- -defined. Apparently, however,
11ke1y applicability of generalized simulation. Genera]ized simuTafion would have

panels were to be driven, that would almost certainly requ1re a special modifica-
tion. As a result, we have specified that computer core and time must be avail-
able to ¢dd generalized or specific payToad system simulations with o Hifdicalions

at a later date. We have made certain exceptions, hovtver. for cerfain systems

EE— RS
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- rendezvous gui&ance strategy, as the coelliptic strategy has become well established

~ portion of the initia11y‘déﬁivéred simulator, since its presence will enable much
‘ more detailed and complete checkout of EPM, orbiter G&N; etc. Other systems,

however are of less obvious training vaiue, less ciear feasibility as to mode

involving payload dynamics, the feasibility of generalized simulation is nore
easily evaluated. The requirements here are more evident, as the physical laws
of the universe are not payload configuration dependent, and reguirements of
Crew interaction with target vehicle dynamics is fairly predictable. For a pay-
Toad possessing attitude contrel jets, a tolerable simulation can be obtained
simply by simulating approximéte]y the deadband phase plane, and expected rate
resulting from jet firings. A1l this should require for update is a few reset
parameters describing the phase plane and rates. Similarly, translational
propuision can be simulated reasonably accurately, if steady state thrust/mass
flow, and total impulse/total mass loss are reasonably accurate. Again, it should
be possible to accomplish this with a few reset parameters. The only known
vehicle to requife a burn targetting guidance system is the tué. However, it is

probably a reasonable assumption that any other vehicle would use an analogous

for spaceflight rendezvous. Again, certain parameters (e.q., coelliptic delta-h's)
can be altered by resét. Thus, it appears safe %0 require these systems to be
simulated in a generalized fashion. Such simulation is important for training
in rendezvous procedure, and such simplified simulation should be ,adequate, for

such purposes. Moreover, it is highly desirable to require such simulation as a

(generalized vs. specific),and are of much less importance in verifying the

, |
complete simulater, It should be possible to add them later, if desired, without

substantial impact on existing systems.
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6.2.10.14  Hiscolloneous Systers

6.2.10.14.1 Purge and Vent System
-Simulaticn of the Purge and Vent System is required to provide crew
training for handling of hazardous fluids and gases, heat dissipation, and
pressure control of the air frame cavities. No crew training would be provided
by simulation of the GSE activities, prior to the crew bosrding the shuttle
vehicle. The degree of simulation required is based on the
measurements provided for crew display and Thermal Control

state and boolean logic.

6.2.10.14.2 Landing/Braking System

Simulation of the Landing Gear and Bfekinngystem is
required to,provide crcw training for both nermal and malfunctioned
systems. Simulation fidelity is required only to the depth that the
crew or T/M displays react or the crew can sense eithef through

motion or audio cues. BAn iteration rate of five per second is based

]

on a realistic response for the real world response of braking for

“both manual and drogue chute operatlon. S S a-ﬂ

e e e e e

¥

' 6.2.10.14.3 Speed Brake System ‘ ,.;h r”ﬁ‘m;mé_.;_;;.;"g '5-:-"L_f~-

t !
i

; Slmulatlon of the Speed Brake System ls requlred to :

Drov1de crew tralnlng for both normal and malfunctloned systems.

An iteration rate of twice per second is tazed on vroviding a

1
g

yoriieiie reswen.o raws fvy hydraulic servo response.

Voo

S5 uletion of thr Toais end pralimanary motion of the ejection seat
orovides the crew with training on escape techniques. It iz feil ihat PoLuat

ejection training is not required by this simulation and will be provided by a
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part task trainer.
A program jteration rate of twice per second is based on providing
realistic response for crew display and telemetry.

10.14.5 Thermal Protection System

Simulation of the Thermal Protection System is requi}ed for realistic
crew display during 1iftoff and re-entry and for telemetry for those periods of
flight that are not blacked out for RF transﬁission. An itera-
tion rate of twice per second is felt to be adequate to provide
realistic display response rates.

Malfunctions to this system are not given. It is fe]ﬁ that there is
no training value for re-entry aerodynamic changes resulting in vehicle destruction
A related malfuncfion could be established for the visual systeﬁ showing io0ss of

a ceramic insulation panel on visual inspection via the TV monitor system.

.10.14.6 Thermal Contrel System

Simulation of the Thermal Control System is required for realistic

crew instrumentation display and for telemetry data for those periods of flight

i

not blacked cut for BF trahsmission.

An 1terat1on rate of tw1ce per second 15 cons1dered to be adequate

i

to prov1de realistic d1sp1ay response rates. LLWVLN.L_ME 5 I S
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6.2.10.14.7 Docking Mochanisn

The docking process is a significant constituent of spacecraft crew
training. It must be simulated. For proper familiarization with docking procedures,
dynamics should be simuiated properly. The guide cone, hydraulic attentuators,
alignment rings, and captqre latches ére all significant constituents of docking
dynamics. Since at least two configurations are being considered for the docking
mechanism {manipulator docking and standard docking), it is required that each
device be simulated only when present. Proper docking latch simulation is also
necessary to verify successful simulated docking. As the mechanism will apparently
be extendible, the simulated mechanism should not operate un1esslsuccessfu11y
deployed. As with payloads, it is assumed that most target vehicle on-board
systems will, if simulated, be added 1atef as modifications. It is, however,
desirable to require initially that provision Ee made to ensure that orbiter

simulated on-board systems will be able to interface with target vehicle systems.

6.2.10.14.8 _Air Breathing Engine Lubrication System

The lube o0il system of each engine shall not be simulated.
Neither meters nor telemetry are provided for lube 0il temperature

or pressure measurement or display. o o

| 6.2.10.14.9 In-Flight RerELL_g

In—fllght refuellng w111 not be required for 51mulat10n
“at this time. The in- fllght refuellng systen simulation for the 5SS

has not justifled its cost of installation. Refer to Paragraph 3.5.3.
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6.2.11 Simulator Applications Software (11dr)

6£.2.11.1 Fquations of HMotion

6.2.11.1.1 Jranslation and Rotation Dynamics

6.2.11.1.1.1 Vehicles

Display parameters are selected from similar parameters on the CMS and SLS.
prelaunch accuracy requirements are equivalent to about 1 arc-second error
in central angle, considered to be reasonable baéed on the 2 arc-second tolerance
on hour angle, and the fact that it is well within required insertion accuracy.
Error change is constrained similarly to hour-angle error to avoid positional
"jumping" on the pad. Boost insertion position and‘ve1ocity requirements are
. precisely those stated for the real world vehicle. Insertion accuracy also
inciudes GN&C dispersions {e.g., platform drift}), so the requirgment on EPM is
somewhat stiffer than it looks. The cutoff time tolerance is sét sufficiently
| low to ensure against crew concern about overburn or underburn. This tolerance
should be well within 30 tolerances, both for the ahove reason and to provide
reasonable malfunction response. S1nce more than a 17 flight prope11ant reserve
is deemed necessary for non-aborted flights, it appears that 1/2 sec. should be
. well within 39 to]erances It is the same as th; current CMS-S1B tolerance, so
_should be rea11zab1e S1nce the 1terat1ve gu1dance scheme 1arge1y fl1es out
-pos1t10n and ve1oc1ty d1spers1ons, cutoff t1me is most 11ke1y to be affectnd by

E errors. Thus, the tolerance on cutoff largely limits errors in the boost

| VNG

envelope. To further ensure a reasonable enve]ope, it is requ1red that the N

|-~ -trajectory be within 3 dispersions throughout boost. A similar requirement on

Yhe CMS-S1B8 has apparently proven satisfactory. ‘Orbital accuracy requirements
are set with respect to burn targetting. They shculd assure'no mofemfhéh‘6:5 ft/%eé
dispersions {direction or magnitude) in targettedhﬁf‘s over the span at one

i orbit. Past experience has indicated that up to 5 ft/sec dispersions are

H ' . t : : ! § , |
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to tighten acceptable dispersions. Other accuracy drivers (acceptable earth or
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acceptabie. However, with Shuttle's increased autonomy, crewren could acguire

their concept of what burns are “reasonable" from simulation which would tend

star scene, tracking acquisition/loss of signal, etc.) are less severe, con-
sidering 25,000 ft/sec orbital velecities. Since gravitational uncertainties

are of the order of .3-4 y 1g ft/sec? in central body constant and .2 x 10°%

ft/sec2 in perturbation, the desired accuracy should be realizable. The RIS T
severe reai-world orbital powered-fiight dcluracy requirements seem to be on the
de-orbit burn, so requiremente are set thereon. Real world entry trajectory
accuracy requ1rements are looser than boost requirements (be within +20 n.mi. and
130 ft/sec at 1000 ,000 feet a1t1tude), $0 it should be adequate to require no
degradation of 1ntegrat1on scheme accuracy between boost and entry, and that

the entry trajectory be within 3¢ dispersions. The primary requirements upon
rotational EQM are agreement with IMU (within nomina) d1sper51ons) and reasonable
control response, Since guidance will maintain IMU attitude at the correct value
(or value range), these two requirements should ensyre good visual and display
cues and good trajectories. Since provisions are made aboard the shuttle vehicle
for up to f1ve payloads, and the external tank and anothep shuttle veh1c1e could

act as target vehicles , the figure seven was decided Upon as an upper limit for

" the number of target ueh1c1es DurTng a manual control phase f0110w1ng boost-

abort, it is necessary to ensure that the vehicle does not recontact jettisoned
portions of the vehicle, (Since backup flight control tan operate during boost,
this is apparently possihle.) Hguw eVer, so Tong as aerodynamlc forces remain
significant, the possibility of recontact after successful clearance (or visual
sighting) should be fairly remote, as maneuver is.somewhat 1imited in this regive
and relative acceleration should remain substantial, A dynamic pressure of

2
2 I/t was chosen as the CULoff point since it is the Tower limit on dynam1c

_—

{
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pressure for tank separation; and since orbiter aero acceleration at this
pressure, at mean orbital velocity, is about .1 ft/sec2 at «=0° and about

1 ft/sec2 at o=45%, External tank relative acceleration kere (makino crude
assumptions as to its aero characteristics due to tack of data) would appear

to be at least .1 ft/secz. This appeors to be about at low as one would wish

to go and still consider atmospheric relative force to be significant, In
orbit, a different problem presents itself. Since any attitude might be assumed,
external tank position should be maintained until visual contact is minimal,
Further, in the case of tank deorbit SRM failure, tank position should be main-
tained until recontact is out of the question. A range of 40 n.mi. was chosen
to satisfy both requirements. 7At that range, the tank will distend about 2 172
arc-minutes side on {similar to a 6 foot man at 1 1/2 statute miles) and about
25 arc-seconds end on {a 6 foot man at 10 statute miles), Since payload manipu-
tation could involve 2000 slug payloads, with respect to a 5500 slug orbiter,
momentum considerations establish that noticeable perturbations upon the orbiter
could be generated. Orbiter ranging distance is currently 300 n.mi. It could
also be necessary to consider ground tracking rFquirements on other vehicles,
which could extend the position maintenance requirements. Definition awaits
further procedure def1n1t1on on rendezvous methodology, etc.; It 1s assumed o

3 -that target vehicle att%tude controT will appear realistic if the target vehicle

| RCS impulse is simulated properly, and control phase plane logic is simulated.

. Rendezvous display parameters are largely adapted from those provided on CMS.
Angular rates as well as attitudes are specified as reset parameters to permit
realistic initialization. In what follows, "step-ahead" is as defined in Yolume I,
and is not synonymous with "“fast-time" or hnon-rea] time". Since, in "step-ahesd",
only gravitational and aerodynamic forces are simulated, it would be quite yn-

realistic to sten-ahead during boost or powered flight., Within sensible atmosphere,
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7”expected to be operatlonal untll 1983._ These satellltes will be in’

-1t is ant1c1pated that shuttle will utilize this system it is not

reasonable simulation requires RCS and/or control surface effects, These, in
turn, require operation of the full G&N system, which, in turn, requires attitude
simulation. So, it is also unrealistic under the "step-ahead” constraints.
However, during orbital coast, fixing attitude and using only gravitational
aerodynamic effects provides an excellent trajectory at very high speed, since
rotational Efi1, GE&N, etc. can be ignored. So, this high speed state advancement
capacity is valuable in that situation, while unrealistic in others., At this
point, it is difficult to determine whether body bending or fuel sloshing effects
must be simulated. Insufficient data is available to determine whether their
simulation is or is not required. Simulation of Saturn boosters without bending

or sloshing effects has proven adequate for crew training on the CMS, thoudh

not necessarily désirab]e. It is reasonable to assume that the shuttle boost
configuration, which is more complex structurally, will have more severe bending
effects. Also; in aircraft flight, structural flexibility may well be a
significant effect. But, as information is currently too sketchy, no reauire-
ments have been specified as they cannot oo firmiy Justified. As structural
and sloshing information becomes available, this'decision should be reviewed.

No requ;rement is specified for malntalnlng the states of ele-

ment of the tracklng and Data Relay Satelllte (TDRS) system._ Although

- - -

in aynchronous orhits. In all pVobabzllty then, to use their

"median" sub-vehicle ground point plus the Greenwich hour angle to
' ' I

determine their position at any point in time will probably be suffi-
ciently accurate for training simulation purposes. Thus, very little
impact on EOM is anticipated. In any.case, such provisions need not

t

be made until the early 80's, and are therefore not specified as a
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part of the initial simulator.

6.2.11.1.1.2

Tt should not be difficult to add

this capability later when needed.

Orbiter Vehicle Configurations

for the orbiter vehicle.

The configurations listed are those currently foreseen
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6.2.11.1.1.3 Forces and Moments

Maximum perturbing accelerations from the J2, J3, J4, and J22 harmonics

are on the order of, respectively, .09 ft/sec2, .2 x_10'3 ft/secz, 2 X 10'3

2 2

ft/sec™, .5 X 10'3 ft/sec®. Each zonal harmonic is so directed as to largely

cancel itself over the duration of an orbit; the tesseral so as to Targely

cancel itself over a portion of an orbit. Furthermore, for most of an orbit,

or all of a low inclination orbit, the zonal harmonics will be of less than

maximum power. Assuming that, over a revolution, perturbing acceleration error

mounts linearly from maximum magnitude in one direction to maximum magnitude

in the other direction, then back again, the largest error permitted by the

tolerances on orbital EOM in_Sect 3.5.33.1.1. is about 2 X 10'4 ft/secz. Error

arising from neglecting higher order zonal harmonics should be well within this

tolerance. It does not, however, permit ignéring J2, J3, or J4. With a shorter

"period", JZ22 presents a different problem. Its maximum value, however, is reached

at low latitudes unlike the zonals, {making it occur in all orbits) and is

considerable. CMS targetting experience also indicates that it is desirable for

improved results. During ferry flights, latitude does not vary widely as it

does in orbit (e.qg., over 55° in 45 minutes), so_a central force field should

sufficeé A]so, perturbatxons at 30°N aggregate about 1% of the grav1tat1onal

force fié]d Changes in grav1tat1ona] perturbations w1th1n +5° 1at1tude of

30°N are cons1derab1y sma]]er._ Cons1der1ng uncerta1nt1es in aerodynam1c coeff1-

" cients, atmospheric conditions, etc., discrepancies of this magnitude do not

appear significant. 30°N latitude was chosen since the proposed Vandenburg/KSC

ferry route is within + 5° latitude of 30°N. Numerical error was constrained

-5
to 10 th/secz to permit growth in accuracy without unnecessary reprogramming.

"It should be achievable with floating-point arithmetic with over 24-magnitude

bit mantissasy or as little as 23-magnitude bit mantissas using care. Gravity
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TR AT
gradient torques could reach 15 ft-1b at certain attitudes in Tow altitude

6 ad/sec T 107 deg/sec’.

orbits, and result in angular accelerations of 2 X 10
In a 500 n.mi. orbit, gradient torques of 10 ft-1b are possible, and are, at that
altitude, much larger than aero disturbing toraues. At 10'4 deg/secz, a 1°
displacement in 2 1/2 minutes is possible. Since docking misalignments of

2 and 1 deg/sec are possible,

6 inches and 5°-7°, and relative rates of .5 ft/sec
docking with a massive target vehicle (e.qg., space station, another shuttle)
could exert sizable forces and torques upon the orbiter. Tank venting and
dumping aY can reach 30 ft/sec, which is certinaly significant. Separation
SRM's for the boost SRM's can attain 80,000 ib thrust, which is significant.
Since these SRM's are located so as to cancel or override residual thrust, it
too should be simulated. Body cavity venting during boost and entry is non-
propulsive, so simulation is not required. PMS desian sketches indicate that
~dumping of residual @MS propellant during entry is not propulsive, so simulation

is not required.

6.2.11.1.1.4 Aerodynamics -

! i

- L l e . J—— k‘ e o e b = JRg

Orbital aerodynam1c data is sparse However, assum1ng that = 90° 1<,
L worst case, w1th CA CN =2.5, CM- 3, wh1ch values appear reasonab]e in terms of
""ex1st1ng Tower o OF outdated data, one obta1ns, with a "worst case9~atmospher1c -
dens1ty at 275 n. m1 S aero force of .2 1b (acpe]erat1on about 4 X 10 ft/aacz)

and p1tch1ng moment of 1ft 1b at d"90 With median atmOSpher1c density,

forces of .05 1b and p]tch1ng moments of .3 ft- 1b are likely at «=90°. Since
N 'gra§1ty gradient torques can reach 10 ft-1b, 1t seems safe to 1gnore suca-__”-

aerodynamic torgues. Such forcgs are sdmilar-to gravitational uncertainty,

50 they should be 1gnorab1e Also, flight at low-o is much more 1ikely,

| and forces and torques are cons1derab1y sma11er there " Transients detected

i
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lpon passing between aero simulation and no aero simulation should be negligible
at these forces and torgues. Furthermore, orbital differences between a 274 n.mi.
circular and a 276 n.mi. circular should not be alarming, as force deltas are
similar to gravitational uncertainty in magnitude. It is not felt that the cost
would justify simulation of non-rominal atmospheric flight configurations. 1t
would also probably bg very difficult to obtain reliable data for such configura-
tions. \Winds, because aero force is proportional to the square of velocity, can
be significant perturbations during boost and entry. They are, of course, guite
significant during ferry flight. Gusts and turbulence exist in the real-world,
and affect vehicle dynamics significantly in the atmosphere, so they should be
simulated, It is consideredﬁnecessary to permit certain instructor control over

winds, gusts, and turbulence, to satisfy varying training reguirements. At alti-

tudes about 300,000 feet, atmospheric density varies substantially as a function
of solar activity, gecmagnetic heating, and gravity waves. There are also
diurnal, seﬁiannua], and seasonal-latitudinal variations. A1] these effects

are somewhat predictable except gravity waves. Up to about 400;000 feet, semi-
annual and seasonal-latitudinal effects are, relatively speaking, quite signiti-
cant. HWell above that altitude, temperature éependent parameters predominate
(e.g., solar activity, diufna]). At altitudes above‘400,000 feet, total force

. deltas due to these effegfs as percentages are sizable, but hot.as‘forces. For
example, at 425,000 feetT'the maximum force is about 60 1b (a=90°) the median
‘fotcé about 40 1b;(u=900). At 500,000 feet, maximum force is about 15 1b;;-fﬁe
median about 10 1b. (a=90°). Below 400,000 feet, the dominant seasonal-Tatitudi-
nal effects are most pronounced above 45° latitude, and are opposite in sign
between northern and southern hemisphereé,{thus largely cancelling over an orbit,

and affecting lower inclination orbits less seriously. At the approximate al-

titude of maxiimum density effect, about 360,000 feet, maximum to median range is

Il
i
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800 to 500 pounds {x=90°). The meximum is 650

(much less for Tower angle-of-attack). Since effects are most pronounced at

altitudes between 50 and 100 n.mi., and the trajectory envelope for most missions

will not involve extended flight in this area,

unlikely, it is not believed the improvement gained in training by simulating
these density variab1es would justify the cost.
be reviewed as definition and development of training regquirements continues.
With load-relief steering, providing minimal angles of attack, it is estimated
that a 2% density error could produce a 10 ft/sec velocity discrepancy at boost
cutoff. This should be within the ability of the simulation to erase by an
overburn/underburn well within the stated cutoff tolerance. Proximity axiair
force coefficient changes of 5%, normal force coefficient changes of over .01
and pitching moment coefficient changes of about .0] upon the orbiter + tank
(azoo) and axja] force coefficient'changes of 60%, normal force coefficient changes
of nearly .01 and pitching moment coefficient changes of over .01 for the SRM's
during nominal separation (a=00) indicates the significance of pré%imity aero-
dyrariics for good separation simulation. Landing gear deployment results in an
increase in drag coefficient cf about 0.011 at u=130, which is sianfficant
S1mu1at1on of the effects of 1nd1v1dua1 gear deployment is requ1red for proper

‘ s1mu1at1on of the failure of an individual gear to deploy. Lift due to ground N

"*""forces ranges from about 7000 1b. at 50 ft. to 85,000 1b at 10 ft.” Ground force

" “pitching moment coefficient deltas range from .003 at 50 ft. to .038 at 10 ft.
Thus, simulation of ground effects is required.
or above should guard against noticeable transients as the terms are added.
Display terms required are mostly chosen from those currently found useful for

training and checkout on the CMS and CMS-SIB boosfer.

1b. for latitudes of 450 or less

and 90° angles of attack are

This coenclusion should probably

Introducing the force at 75 ft.

s el I R SN BT ot S S
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6.2.11.1.1.5 CLeoordinate Systems

During orbital flight, vehicle state should be maintained in an
earth-centered, space-fixed coordinate system; to avoid inclusion of coriolis
and centrifugal effects, to provide for load verification, etc. During the
landing phase, a runway based coordinate system should be maintained, for cal-
culation of touchdown effects, ILS data, high-resolution landing visual require-
ments, etc. Certain ILS-related data might be displayed with respect to this
system as well. Some body-fixed system is required for calculation of body
forces and mements. If this is parallel to the orbiter longitudinal and pitch
axes, orbiter rates, and accelerations can be displayed in the system which
should be most meaningful to the instructor. Attitude as pitch, yaw, roll about
local horizontallhas proven useful to CMS instructors, and to engineers during

checkout.
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6.2.11.2 NASS PROPERTIES

6.2.11.2.1 Vehicles,

Total vehicle mass must be available at any time body forces can occur,
in order to obtain body acceleration. Ouring boost, when total vehicle mass is
rapidly changing, and body is acceleration is substantial, errors in mass cause
porportional errors in body‘acce1eration, wﬁich can build to serious errors in
vehicle state. A particularly insidious numerical error can arise in the integration
of acceleration to cbtain velocity. For example, suppose rectanguiar integration
was used to obtain delta-velocity from acceleration. To obtain correct results
when this scheme, the accelerations used should be the "average” acceleration over
to 1ntegrat10n interval. Thus, forces sﬁou1d be “average" forces (except perhaps
for gravity, they shou]d be sufficiently close approximations), and mass should be
"average" mass. If, however, trapezoida] or Adams schemes are used, forces and mass
should represent.values at the beginnfngs and ends of integration intervals. Thus,
the precise valves of mass (whether at endpoints or "averages") provided E@M which
would cause zero numerical error is a function of the integration scheme selected.
Thus, during boost (or other powered flight), tolerances on mass should be set
against that value of mass available during each integration interval which wil]

" introduce zero error into the av ca]cu]at1ons - unless the integration scheme is
specified, wh1ch does not.seé% proper. As for the to]erances themselves, during

- boost, the driver is the requirement to meet cutoff time within 1/2 second. To .

" assure meeting this requirement, accumulated AV error due to erroneous mass should
not greatly exceed 20 g%b . This is crudely equivalent {ignoring adaptive guidance,
gravity dispersions due to different positicns, etc.) to a steady body acceleration
error of .03 1t ft Tecl* Using current mass properties, the worst cases for mass change

caused accelerat1on error are at booster max acceleration and at cutoff. In each

case, mass flow, 1in %%%93 , is about 1% of total mass in slugs, and body acceleration
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about 100 EEEQ Thus, a .06% mass error wil) result in acceleration errors of .6

gﬁtz Assuming average mass caused acceleration error will be 1/2 this (it is likely i

to be considerably less), we are within our tolerance. Such a tolerance will then

require a mass re-calculation fréquency of 1/10 second, or smoothing. This result

is consistent with S$-18 experience, which indicates that 1/5 second iteration interval
during boost is too slow. During other mission phases, the most severe macs reguive-
ment is on the deorbit buyn. The.deorbit burn may be 20 minutes Tong, under extreme
erbital and malfunction conditions. In that case, it should not have cutoff celiayed
by more than 4 seconds (will translate to 1-2 second delays in nominal cases). This
can be accomplished by a .3% tolerance on mass. Vehicle center of mass must be
available wherever significant torques arising from body forces can occur, in order
to find moment arms. The inertia tensor is required at any time'the calculation
of body angular accelerations from torques may occur. Center of mass errors can
require different "steady-state" gimbal angle and control §urface settings (in order
to cancel torques and thereby null angular accelerations), and can alter the
response of the TVC, RCS and aero-surfaces (depending on scheme used to compute
moments) to command changes or pertubations by changing their moment arms. Irertia

~ tensor errors can also alter response of TVC RCS, and aero- surfaces by changing

R the angu]ar acce]eratlon ~resulting from g1ven torques.— Proper tolerances upon

- these parameters to satisfy these requirements are somewhat configuration dependent.

- As the configuration is currently undergo1ng substantTa} design changes, it i

“vcons1dered unwise to set such tolerances at thlS t1me However, using a number of
-simplifying assumptions, some rough approximations were made pertaining to tolerances.
A 1 foot error in center of mass location in the‘x direction during first-stage

boost wou]d appear to requare a gimbal ang]e change of about 2C or less to track

it (aero ignored, but aere center appears to rerain con51stent1y safely behind cqg),
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'torques and rates of 1 ——3 (wh1ch are not ]1ke1y to be exceeded for Tong in nominal

- moment of inertia would be about 6 2rc-sec oy 1ess (maximum values in roll pitch-

B 6722/73
a2 1 inch Z-direction error a gimbal angle change of as much as .25° during mated
boost, but 1ittle more than .1° during second stage burn. In terms of a simplified
pitch TVC loop, adapted from that in the NAR proposal, a 1 ft. x-direction c. g.
change (or a 1% change in y moment of intertia) would appear to change tran51ent
rise time, overshoot, and undamped natural frequency by about 1% ¢r less. [t viould
appear, then, that with the current configuration, tolerance of ] foot on x-c.g.
positibn, 1 inch ony and = C.g. position during mated ascent and 2 inches thereafter
would be reasonable tolerances. Judging from proposal mass properties estimates,
these tolerances would apparent]y'require updates at least once per second. However,
although tolerances would be met, resulting step changes could create perceptible
pertubations which would not exist in the real world, especially if at some time
coupled to guidance minor Iooﬁ updates. Thus, the requirement that perceptible
step changes not be introduced would probably force a faster minimum update rate -
perhaps § times per second. Since mass changes are much smaller during OMS burns
and entry, update rates could probably be decreased then. It appears that the
tolerances cited for the inertia tensor in orbit are also reasonable for boost, since,
as indicated above, 1% error seems tolerable for one-axis centrol dynamics, and the
arguments concerning errors aris1ng from rate-dependent terms in the Euler equations

=

in orbital coast are similarly applicabla dur1ng boost. In orth, assuming no

or most ma]funct1oned operation), errors in angular accelerations dye to a discrepancy

of 5% of the smallest moment of inertia in any product of Tnertia would be about

5 arc-~-sec
sec

or less, and errors in angular accelerations due to1. 0% errors in any

. sec
Yaw values substantially less). Effects of torques upon angular acceleration should
be included within 0.5% tolerance. These approximate values should hold so long 2

the orbtter retains the shape of a delta- -wing airplane. Of course, if exact principal

]
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~axes Euler equations are used, products of inertia do not exist. When separation
rotational dynamics of SRM's are simulated, SRM mass properties must be maintained.
Target vehicle or payload mass properties must be available while their states are
maintained, It would not be necessary to maintain mass properties-to extreme
precision if only an attitude control propulsion system is aboard another vehicle.
1ass changes of 5% should rot force mass property changes of a great deal more than
9%, which should be adequate to simulate general behavior. In any case, it should
not be necessary to simulate target vehicle behavior to any greater extent than to
make ts behavior seem reasonable to an outside observer, which permits fairly gross
estimates of mass properties (except possibly for total mass of vehicles with
translational propulsion - other mass properties are involved in rotational dynamics,
which can be fairly gross for a target véhic]e without being alarming, so long as
basic behavior characteristics are preserved).

6.2.11.2.2  vzhicle Conficuratiens

The configurations specified are all possible shuttle vehicle configura-
tions, each with significantly different mass properties. Instructor alteration
of crew location dependent mass properties has been used on SLS.
6.2.11.2.3 Consumables ' _ .

The consumable conta1ners mentioned all conta1n consumable quantities

: wh1ch may change in time durtng a shuttle mission,
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6.2.11.3 Ephemeris
6.2.11.3.1 Celestial Bodies

Solar direction relative to the vehicle affects vehicle temperature
d1str1but1on, star tracker resolution {when pointed near the sun due to G&N
malfunctions), and out-the-window views., The moon can also cause irterfcrence
with the star tracker. The visible planets (Mercury, Venus, Mars,'dupiter,
Saturn} could cause star tracker interference, since all can be of apparent

magnitude of 1.0 or greater (only 15 stars are of such magnitude), and there is

no logic in the proposed on-board computer program driving the star tracker to

account for planetary positien. Astrorcmical scrtie missions may create requirement{
for soTar, lunar, and planstary position information. Some such payloads will
presumably be pointed at these celestial objects. There is no indication in the
orbiter GN&C requirements or preliminary software that the orbiter GNAC computers
will be able to, unassisted, point the vehicle with respect to a celestial body

in perceptible relative motion. If this is the case, a computer or sensor on-

board the paylcad may provide the GNAC computers with pointing attitude updates.

This computer or sensor would then have to be functionally simulated, which would

. In turn require knowledge of current target position.

Apparent motion

of Uranus should not exceed 10 QE%FEEE’ S0 can probab1y be ignored over the period

- of a tra1n1ng session. much less.

That of Neptune and PTuto will be Thus,

astrenomical sortie missions should not require ephemerides of any

‘other planets.. Star trackers le accuracy is 30larc~seconds. Since solar,
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tunar, and planetary effects upon the star-tracker involve only interference,

it should ' be sufficient to maintain their positions within the star tracker

accuracy. Star directiohs,‘however, should be maintained well within star

tracker accuracy, to permit star tracker dispersions to be simulated within

the star tracker simulation itself. Simulated orbital sunrise should not take
place at a perceptibly different time than real world orbital sunrise. At

orbital sunrise, apparent solar motion with respect to the horizon may be of

the order of 250 argézsgonds Thus, if solar direction accuracy is within 25
arc-seconds, maximum sunrise error will be of the order of 1/10 second. Astronomi-
cal sortie mission accuracy requirements have not been defined, and are therefore
not considered. However, best baseline pointing accuracy (3g) is 36 arc-secends.
Solar aberration can exceed 20 arc-seconds. Therefore, it should bte simulated.
Lunar aberration, which is at most of the order of 5 arc—seconds; is much

smaller than the required lunar direction accuracy, and need not be simulated.

It is anticipéted that lunar position accuracy requirements can be easily satisfied
at an jteraticn - rate ﬁf about 10 times per minute. Solar {and stellar) require-
ments are much less. There is no evidence that automatic star trackers will be

used for navigation during atmospheric flight. EVidently, radio aids only wili be

used. The brevity of shuttle atmospheric cruise (one hour or less), the fact that

~all hops on the proposed ferry routes are over or very near land, the limited range
. ' ) 7 . o
(400 n. mi.), the distinct possibility of daytime flight, etc., would tend to render

star tracker navigation uniikely in the atmosphere. If star trackers were so

used, one should consider atmospheric refraction of starlight. Index of refraction

- of the atmosphere is about 1.0003 at sea level. Thus starlight refraction at 30°

incidence is 40 arc-sec, at 60° incidence is 1% arc-min, at 90° incidence is 25§

‘arc-min, at sea level. Even accounting for shuttle cruise altitudes (near 20,000

feet), the effect is significant at high angles of incidence. The proposed on~board
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computer program takes no account of the effect, further reinforcing the assuuption
that star tracker use in the atmesphere is not anticipated.
however, atmospheric refraction effects will be required in the calculation of

apparent star position.

If it is utilized,
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6.2.11.3.2  Coordinate Transformations

Star positions should be available within any of the systems to well

within the star tracker's accuracy to ensure good star tracker simulatien. The
figure of + 5 arc-seconds was established in the preceding section as an adequate

accuracy limit to satisfy this constraint. Thus, the simulated transformations

must be within this accuracy to ensure the meeting of this constraint. If each

axis is within 2 arc-seconds, any vector will be within 2 V3 arc-seconds, or about

3% arc-seconds, safely within the constraint. 3% arc-seconds is equivalent to

about 350 feet of ground track position, so updates of the systems in orbit should
not cause perceptible jump in earth scene (at orbital speed, the vehicle passes

about 2500 feet of ground track in 1/10 second). These transformaticns are

usually calculated using a star-fixed coordinates to true-of-date coordinates

transformation and the true Greenwich Hour Angle. On the True-of-Date System,

precession effects over 10 days will aggregate about 1 1/3 arc-seconds in the

x-axis, and less in other axes. Nutation effects over the same time will not

exceed about % arc-second in any axis. Precession and nutation effects upon

the hour angle are analogous. Hence, over a seven day period, real-time

recalculation of precession and nutation'is unnecessary to meet a 2
arc-second tolerance. It appears that most shuttle missions will last
no more than seven days. In any case, simulation runs covering more

than seven days without ‘resetting seem unlikely. On the other hand,

requ1ring such tight accuracy for a 30 day period (for example) on eitf

side of a reset point would result in a con51derable tlme/core impact

to recalculate precession and nutation.

it. Since the requirements exists to maintain the parameters over any

mission interval, it would appear that the worst that could happen

in the case of super-long simulation rune is degradation to existingz

It does not appear to be worth

16;
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- CMS-Skylab accuracy levels, which, while not good for Shuttle, will

not have any disastrous results. The Greenwich hour angle changes by

about 15 arc -seconds per second. Thus, an error limit of 2 arc-

geconds should be within the limits of perception, It also correspond &

}

‘to a ground track error of about 200 feet (at the equator) which should

be acceptable so long as it is not oscillatory. It would, for example:'

at orbital velocity, change deorbit time by, at most, 1/100 seconds. E
6.2.11.3.3 Displays
Occultation of the sun and Greenwich Hour Angle are

expected to be of interest to instructors and for checkout.
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6.2.12  Simulator Contrel Software

6.2.12.1 Data Recording

A method of recording data is necessary to obtain hard copy of simula-

6.2.12.1.1 Plotters and Recorders

A method of obtaining data to ascertain the dynamic relationships of
parameters to one another and to time is necessary for evaluating simulator
performance. The selection of parameters to be recorded must be dynamic to
assure maximum flexibility,

6.2.12.1.2 Real-Time Print

A method of obtaining immediate hard copy of parameters for quick
analysis is necessary in debugging and training evaluation. Only a limited number

of parameters is needed, but a dynamic selectability is necessary to assure maxi-

mum flexibility.
6.2.12.1.3 Loggin 7 _

A method of analyzing simulator performance for debugging and train-
ing purposes is important. For this evaluation,‘as much data pertaining to inputs
and outputs and dynamic simulator calculations as can be‘obtained 15 necessary.

'A logging facility is the best solution for this need. Data of ahl types Qi]l

not always be néeded. so the types of data to be logged must be selectable. The

selection must be done in real-time to prevent interrupted training sessions.

I
i

6.2.12.2  BReal-Time Inpus/Cutput

The SMS will require real-time inputs and outputs in order to perform
a realistic simulation. This 1/0 will utilize both standard and non-standard
cemputer complex devices., Access to these ﬂévices-will necessitate a complete
set of software support that can be readily utilized by the simulation control

software. Logging will be a necessary feature during the checkout of simulation

tor parameters for debug and training aid purposes. The approaches are as follows:
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- systems and subsystems. Provision for the dummying or substitution of real-time

devices will allow checkout during periods when devices may not be available for

operational use.

6.2.12.3 Synchronous Simulation Program Processor

Historically, simulation of aircraft and spacecraft systems requires
that a predefined order and rate of execution be maintained for critical simulation
functions. This is anticipated to be the case in SMS as well.

6.2.12.4 Master Timing

A1l crew station and I0S clocks must be updated in real-time, and they
must remain in synchronization with one another. For best simulation performance,
all clecks and times should originate from one single system.

6.2.12.5 Master Control

Certain basic control functions are inherent in the operation of any

realistic training facility. The master control program provides these functions

in the SMS.
6.2.12.6 Advanced Training

i

6.2.12.6.1 Automated Training

This feature will relieve the 1nstructor of certa1n ted1ous s1mu1at1on

control functions, allowing him to concentrate upon instruction and eva]uat1on of

MG e o e e e way mmm oaae - e e ey ———

o tra1nee performance B e

It also has the advantage that al] tra1nees can be prov1ded with

exactly the same training problems. ’ B L

6.2.12.6.2 Parformance Comparison

- VUV

T S P ]

This feature wiil 2llcw a d1sp1ay and/or hardcopy of the tra1nees
performance. This information will allow for a full evaluation of his performance
under cortain prescribed conditions. Potential weak spots in the training regeme

can be spotted, or areas of further training pointed out. A “profile" of the
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strengths and weaknesses of a trainee can be rapidly arrived at.

1t must be emphasized that this feature by no means would attempt
to "score" the trainees performance. Performance compafison would only report
the conditions feund during the mission,

6.2.12.6.3 Record Playback

This feature will provide the instructor with the capability to
recaord the actions of the trainee during a mission phase, then critique the
trainse by playing back exactly what he did. |

It will also be possible to build a library of mission phases to
show how & maneuver is to be péfformed. Thus, a “textbook" docking seguence
can be shown to the trainee prior to training in that area. Likewise, a docking
sequence can be recorded that is full of “errors” and the trainee can be shown
the consequence of several actions at one time.

It should be noted that emphasis is placed upon "flyout" from a
playback., This was done to emphasize the potential danger that can exist should
the crew controls be in an unsafe condition prior to release from playback control.
Thus, if the simulator was performing a sequence of "teouch and go" landings and
the playback was stopped while the simulator was "on the ground", but the controls
were in an "in the air" conﬁition. personnel are in danger of sevéfe motion base

transients 1f the landing gear is not in a “down" state.
6.2.12.7 CRT Pages , | | ;
The assumption is made that the CRT's on SMS w{1]‘Eé ﬁ;éd.éﬁ tﬁé-same'
fashion as those on Skylab, and since the SLS CRT system proved to be of great
*value in debugging and simulation monitofingf”it is recommended that these re-
L

guirements be applied in SMS.

6.2.12.7.1 Malfunction Control

Since it is desirable to provide for a software method for inserting
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and deleting malfunctions, using a CRT page for this appears to be the most
togicat approach.

6.2.12.7.2 Sstup Verification

This is a logical equivalent of a proven SLS page program applicaticn.

6.2.12.7.3 Paramzter Display
Since there Q1]1 be few hardware displays, and many computer para-
meters, this requirement is necessary.
6.2.12.8 [RT System
Since the assumption is made that CRTs will be used for the display
of simulation data, the requirement for a package to control the‘processing of
that data is necessary.

6.2.12.8.1 CRT Hard Copy

This will previde for hard copy of all parameters displayed on a
CRT independent of any other data recording technique.

6.2.12.8.2 Look and Enter

The capability to monitor and change data pool parameters in real-
time is necessary. J
6.2.12.8.3 Graphics .

. .i.1 . Since the assumption is made that the SMS CRTs will be graphic in

nature, this requirement is necessary.

6.2.12.9 Qperating System Interface

Systems involving multi-tasking capability as required in SMS, are
- normally under control of a sophisticated operating system. It is imperative
that adequate interface between the application and the operating system be main-

tained for proper simulation in this environment.
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6.2.13 Support Scitware
6.2.13.1 Operating System

The multi-tasking environment required for SMS with multiple part task
simulations, batch, and terminal processing makes an operating system a necessity.
This is dictated by the need to proper]y allocate and control computer system re-
sources batween the multiple simultaneous tasks that are executing in the system.

6.2.13.2 Software Processors

The requirement that the SMS have assemblers, compilers and loaders

is self evident and these are assumed to be supplied GFP with the
SCC. What is delineated are requirements for 'mon-standard' features,
The requirement for a CRT page program processor js‘necessary.
The syntax and mnemonics of the CRT processor is paraliel the

assembler of the 6perating system is to minimize the number of programming lan-

guages to be learned.

6.2.13.3 Data Base Generator

The formation from simple inputs of a data pool of the éomplexity
necessary for SMS is best done by a computer program(s}. The associated listings
are a natural by-product of the data pool format%on. A mechanism for referencing
From the simulation programs fo the data pool is easier and faster through a

* computer program. A statistical analysis is necessary to havé a complete under-

standing of the what, where, when, and why of the data pool construction.
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6.2.13.4 Reset Generator

For proper training, the SMS must receive initialization at various
points. A computer program is required to construct these points very rapidly
with some assurance as to the validity of the data. This program is the reset
generator. Also, some points may be taken during real-time training sessions.
These points must be upgradable as changes are made to the simulation package.
Since most of the criteria for these points apply to normal reset points, the
reset generator is a prime candidate for doing the upgrading.

6.2.13.5 (On-Board Computer Support Software

‘The on-board computer flight program must be processed from its de-
livery medium to hard copy listings and loadable object code. More than one
copy of the loadable code will be needed for simulated change over from one
computer to ancther. Patches to the flight program may have to be generated.
The on-board cdmputer support software will be responsible from these tasks.

6.2.13.6 Utility Programs

The functions performed by various utility programs are essential to

support a complex operation such as the SMS successfully.

621361 Diasnestics [

_wm.;__;- -+ .. The requirement for diagnostic routines will greatly reduce down

time due to hardware fa11ures which cannot be qu1ck1y diagnosed by other means.

These rout1nes will a1so aid 1in prevent1ve ma1ntenance activities by prov1d1ng
data on random device failures.

6.2.13.6.2 Supoort Utilities {Plotting, Trace, Srapshots)

Debug routines will reduce the time required to gather data during
off-1ine and integrated test phase. They will alsc be helpful in documenting

system performance dur1ng test and epcrat]@na1 phases of act1v1ty

- [P FNINN Vi, —— e, - - R . e ey
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6.2.13.6.3 Subroutine Library

The requiremant for a subroutine library is dictated by the need
for support of standard facilities such as the use of trigonometric functions.
Routines such as this should not be left to individual users to provide because
of the chance for deyiation from standard results,

6.2.13.7 Deleg
A mechanism for reducing real-time log data to a useable form is
necessary for the data logging function to be useful. A computer program is
the best method of implementaticn.

6.2.13.8 Statistics Gathering System

A method of computing computer loading is needed to allow the evalua-
tion of the effects which changss to the simulation will cause. This loading
also allows the evaluation of the cemputer rescurces available for non-real-time
simulation activities. A record of computer usage and dowmtime is required for
performance and cost evaluation. A Statistics Gatheriﬁg'System is the ideal
approach to this effort.

6.2.13.9 tutcopated Documentation

Obviously, the SMS will consist of a large number of software packages.
Although the exact number of such packages is not known, it is poss1b1e to ba11~
park the number at several. hundred

With this volume of software, the on]y reasonable way to document
it is by using software that will release the programmers from these tedlous
and time consuming tasks. Two further benefits are realized by this method:
the documentation can assume a standard format isolated from the idiosyncrasies
¢f the individual; and with an automated s}stem, as changes are incorporated,
the chances that program documentaticn can be kep£ up-to-date are better, since

the progrev. r can leave the updating of flowcharts, cross references and so on

Lo tha computer,

TN . e s b et ae et et e o e
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6.2.13.10 pata Manzsement System

The need to know the simulation configuration at any point in time,

together with its prospective configuration, necessitates a comprehensive and

flexible configuration management system, Due to the complexity of the configura-

tion management required to support the SMS, an automated system with various
minimum manual controls is required. This type of system will afford several
users a common data base of related elements of the same information. At the
same time it will reduce the amount of paper work that usually exists. Cross
relationships of one element of data to another can also be generated in an easy
manner. This type of system will afford the capability for more people to be

made aware of more information that is current ail the time.
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6.2.14 Systems Integration

The test drivers will be useful for the follow-on modifica-

tion phase particularly in light of the time-sharing caﬁa-

bility of the SCC.
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6.2.15 Demonstration Installation Test

6.2.15.1 Fantory Tont avd Doranstration

6.2.15.1.1 Lavout Model

This layout model is deemed necessary to enable planning
of installation to improve traffic flow, minimize cable runs, and
eliminate noise problems,

6.2.15.1.2 Factory Test

1

Thest tests will verify sinulator hardware fidelicy,
They will also minimize on-site test time and cost, and optimize
overall test schedule,

- 6.2.15.2 0qe¢1t¢ Tnctalletion and Tose

6.2.15.2.1 ("f‘n“ anexal

6.2.15.2.1.1 On-Site Hardware Installation, Intesration and Test

These tests reverify hardware, check for damuge in
shipment, and will eliminate all hardware problems prior to system

software tests, ‘ - , . .

6 42 . 15 o2 . 1 . 2 SgStEm Test C f_____‘_.,.._, e - o “:,.M_ﬂ.,.g-,,mi, . : ,._--..;.. L e ,,A,Ai’,.,,

\-if

These are nearly & dry-run of the acceptance tests to
-verify system performance prior to ATP, and are preceded by other

software tests at the subsystem level,

! i .
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6.2.15.3 Arceptnnce Tests

Acceptance tests are provided on the system level, to
isclate major problem areas. Tests are sequentially ordered to
minimize total test time and eliminate problems which will affect
subsequent tests, |

6.2.15.3.1 Siralator Tacoresicon ond Procedure Tests

o a5 A AR e T P

These are a prerequisite to Systews Testes and Mission
Tests,

6.2.15.3.2 System Acceptance Tests

These tests are a prerequisite to Mission Tests,

6.2.15.3.3 Mission Oriented Tests

Thig is the final series of tests,

6.2.15.3.4 VYisual Graphics Tents

These are a prerequisite to Visual System Tests,
6.2.15.3.5 VYisual System Tests .
Some of these tests can be conducted independent of

and in parallel with other tests above, Hence, total calendar test
g o

‘time will be minimized, =~ = T o e meqmen ol
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6.2.16 Omitted

6.2.17 Omitted

6.2.18 Omitted
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G.2.19 Motion Svstem
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The gix degree-of-freedom motion system will provide the astro-
nauts with the necessary cues to simulate the mévemenf of thé Shuttle
vehicle during atmospheric flight.‘ Motion simulation, during these
phases, is most important since it furnishes feedback of the pilot's
control action or is the direct stimulus for pilot action. The
proposced motion systeém will be representative of the sensations
experienced in the Shuttle vehicle. (Reference Bibliography Item 18)

As evidenced in the Simulation Techniques Study Interim Report

current six degrge-of-freedom motion systems are the only systems

possessing the load carrying capability, adaptation to.modification for
visual system support, gnd present the best combination of performance
and excursions of the state-of-the-art devices avéilable. In fact, the
load carrying capability of current motion;systems limits its capability

to the upper forward crew compartment and its associated visual system.
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6.2.19.3.1 Hydraulic & Elcctromechanical Desisn

This paragraph establishes the requirement for a Eewarate

control loading pump.

6.2.19.3.2

maintenance

--operational

6.2.19.3.3

It cites the specific characteristics for
a) filters

b) relief valves

c¢) plumbing

d)} maintenance features

€) accumulators

£) heat exchangers

g) access ramp

b) hydraulic fluid

i) overtecumperature sensors . -
j) constraints on component design

Motion & Control Loading Svetem Controls

This section defines the requirements for safety and

characteristics., - e e At SR e
: ‘ I : . . :

Maintenance Controls S

1 . B . ' ! ' i

S S P Y s S S U

This section defines the maintenance features for ease of
and safety considerations.

T pwemms ¥ o -
LT s rraing
]

‘This is a typical motion system requirement and the site

must be verificd te oce if the 1500 pounds per square foot" value is

compatible.
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6.2.19.4 Per formance Regquirements

6.2.19.4.1 | Simulated Mot ions

This section defines the quality of the motion and the typeg

of motion cues to be simulated.

6.2.19.4.2 Paylond Weicht

This paragraph is intentionally non-quantitative since it

is subject to the 1nu1v1ddal bidders design (crew station/visual/tilc C

concept) . It is inserted to define the payload 1mposed on the motion
_system. . . . : -

6.2.19.4.3 Worst Case Moneuvers

Furfher definition of motion system performance require-
ments .,
6.2.19.4.4 Rough Air
~ Same rationale as above, to specify performanée.
6.2.19.4.5 Response
To quantify responée time.
6.2.19.4.6 - Excursions, Velocities and Accelerations -—---—— -

dan _4‘. et i
‘_Quantitatlve values ngen are those characterlstic of the

Singer 60" stroke 6 D.O.F. machine. They are deemed to be adequate
for the simulation of a vehicle of prbiter.sige_whicb is expected

‘to have rather docile flight characteristics. e

.
¢

6.2.19.4.7. Acceleration Onset

To deflnt motion s;sttm cupdbillty.

- b e teemange— U b e e e o e o
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6.2.19.4.8 Frequency Response

To define max. phase shift limits {performance) .

Specifically limits the natural frequency of the system to

greater than 5 Hertz.

6.2.19.5 Safety Requirements

This section itemizes the safety requirements deemed
essential to the motion system.

6.2.19.6 Synchreonization

This paragraph inserted to insure inclusion of synchroniza-
tion features and alignment of software cues.

6.2.1¢.7 Maintenance Features

s

This section defines specific maintenance features required.

6.2.19.9 Tilt Provisions

During the pre-launch period, fhe flight crew will
be seated in an upward-facing orientation, and this orientation-will
éﬁnﬁiﬁué-tﬂrﬁugﬁ fhe firs£ par; ﬁf Ehéuléﬁnéh pﬁas;,lwifhithé magni~
tude of the gravity vector 1ncre351ng from the normal lg. To provide,
.during tralnlng in the simulator, the same‘é;avity combatlng effort in
reaching controls on the 1nstrument panel as would obtain during the
pre-launch and launch portions of actual flight,iit 1s necessary that
the simulator cockplt be tilted so._that the £light crew
are properly oriented.with respect'té the gravity vector. Part of
the pitch capablllty of the regular 6 DOF motion system can be used

here, but a tilt mechanlsm will be needed for the greater part of the

angular excursion.

l
|
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6.3 Test Recuirements

See Section 6.2.15.

i
{

4
! i ; . .
' : SR B LRI B b S
AP S — é TR SR -8 e S S S
i ' ! 1 ' § .
(A S A S A ‘ Lo !
. i i H ; i .
I [ . ! } ! | i | i f |
; ; i | | | ; i i i I i
SRR U SR SN SV SR S RS SUUS VU U VO S I )
! i ! ; | I { ! i ? ! 'i, ! { | ! o
! i " .

¥
3 .
LN
+
[ i -: . -t H T H B T R A e T TR IRt S VOV SOOI, NN |
l 4 !

: .
! .
o _ .
{ i i
Loy b
N S— . ofr e e




- - DATE ' THE SINGER COMPANY PAGE NO
12/22/72 SIMULATION PRODUCTS DIVISION __6-147
’ REV. A 3/23/73 BINGHAMTON, NEW YORK REP. NO
' 56772773 - T
6.4 Logistics
The specified items are essential to enable NASA to maintain
‘land operate the SMS after acceptance, and are in line with past NASA
simulator procurements.
, .
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6.5 Reliability and Quality Assurance Reguirements

Stringent Quality Assurance requirements are dictated by the large
scope and cost and the intended usage of the SMS. The Quality Assurnncé
program should be planned and used in & manner to effectively support |
the contractors reliability and maintainability programs.

Inspections should include in-process and quality conformance
operations.

Tests of the following types should be included as a minimum:

a) Structural

b) Electrical

¢) Environmental

d) EMf

e) Human Factors

£} Relisbility

g) Grounding

- - F=3 . o

S QNS S

h) anctional

"fi) frainer opera%ipn
The program should emphasize the prevéntion of deficiencies and

provide for the eérly detection, correctioﬁ and control of deficiencies
Speoial emphasis should be placed on quality control with respect to ';

new and unproven program areas and equipment.
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6.6 Svstem Support

The complexity of the SMS warrants engineering support to

train.personnél in the operations and maintenance of the simulator.

In addition, the support should include coordination of daté and s;:fes
support. The support personnel should comprise a group who are experier
ced in the various technical areas associated with the simulator and
form a part of'the installation, checkout and testing crew. Beside
providing training in the operation aund maintenance of the simulotor,
training should cover the use of operations and maintenance menuales.

It is anticipated that a six-month program would be recguired to provide

adequate engincering support.
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7.0 Dogcurentation Reguirements

This paragrabh defines the effort associated with the cost
of the nocumentation work package and will provide visibility into
the division of effort between work packages.

The Data Manager at Houston should alleviate the need for
a NR representative based at the SMS contractors facility and mini-
mize the communication problems between MR, NASA and the SMS con-

tractor.
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