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1.0 Purpose

I i . '

S

The training requirements for. crew-training is

.s1mulator rather than the STA or the vehlcle 1tself

self~evident due to

|crew safety considerations and the cost-effectiveness of the usage of a

The training of

crew and MCC persenhelwfer a modest increase in the SMS cost.,

ground personnel (MCC) has to be accompllshed and using the SMS is cost-

‘effective since the same tralnlng device will provide training for both

The

booster . components of the Shﬁttle System are fequired for simulation'due
':to the fact that the Orbiter Vehlcle provides the GN&C for the Boost

:Phase of the m1551on, the Maln Englnes are an 1ntegral part of the vehicle
31tself and the tran51t10n ‘to aborts would be dlfflcult if not impossible

| since the ‘same on—board computer is used for both m1551on phases. e

AL 4

B L e T T T et T e et st w e wmah s pe s g oo o) v mm—— e ———— - _—
i N v H ; l ; T : . . . .
H . s . i N i ! 5 X i ' : § H . : ; P
i ’ T A T 0 NN TUN N N A NN N N VU NN NS NS0 N NS S
‘ ‘ ) y \ ; ; X | : i T i i : : ; ;
i H ] ] H ' i H . H ' M t s
0N RN RN N : IR pooE ! oL
R S ; i F— . . T T T T T e
A i i b b - P A A
1 ! ; 1 S S R L S TN O SRS U S S, - TR A
Cod i | ! A : P P
i { : T : | : : . ! i l i
e : : S R S s Bt e e
JR R i : i P i Lo I
S D S S ; N S SUSOS WU NN SO SRS S
: : ; : 1 : 1 i 1 : i [ : : .
IR | % | |- I . - '
C - . R ; ! i i | T T
H H . i s N
B D T § __! S LN T S R 4 A
v i + + i i N 3 o
! : | ; ! ; i
N i !- ! i ! l ! . : i
i N ; i H N ) : | i 1 -
- ! | L L N !
N [ — - j : - R —t -_..;__.-.i-n__.__ e
! . :, i Bk L . |
B ; ' 1 i i § i 0 H I S
IR | | | : | i !
- i C 3 ! ! A
i - L . i L] - L Ll
i b | | ! i P oy
L ! ! ’ ‘ i ' . »
o — < ' i F =1
| + { ! i i f , ’ . f
b~ : . ! i RS H FE— —E.-._—-_—.—l__.» ! ! - —_
i ! 1 . : . T . g ‘ . E : - . N - T B - -
L { L ' .H H i ~£—‘—--‘—.—-L~. . ;{ P l« : i } : ‘ ! i f ! ! H H
I N . b neny SRt R c T | Rater e Fo e S
} ; : : [ : : : . v ! ! i
Co4 ALY Pl L | | L2 | i
- LR o - -_ e A st ; i e e e e e e — 'T—*-' R At et —— e
M [ - : § R M i 1
T j- | T | i : ! N :
Al e e g — : S PR SO S S
S I R R R B T R R I o T T
1 | lL i ; { { 1 %.—-.._L... H ‘ I Y ! H { ; { ! i
L + - T + i v H > s 3 H -
{ H : ! | ; . IR : ] ' ! : H i e} : ! :
N H i N ! ? ‘ . i LI ; IS { i H . ] |
3 A s e RSPl Sk Rt R e S et R S e
Y S N N b | : ! e .
o b ; | oo ’ T ’
0 P P oo t i . } }- A
© o - i R “_ . __‘;________'1___»_____ i i 1 N
2 ’ o T R A .
- N + t
wl - ‘_b- ! - - - o’ . —
t s 3} i ] . ‘



i
i H

DATE 12/22/72 o THE SINGER COMPANY - | pace No.
. SIMULATION PRODUCTS DIVISION _ 2-1

REV. A 3723/73 ... BINGHAMTON, NEW YORK . o REP. NO.

_ - . ' .
- . P . ‘ ..v.....;,--!.. 3 _~;v'..§.~ .!...; e .= c e
2.0  Scope S __GL~1_‘JdP__ \

- The four primary tasks defined form a logical division of the
| effort from both a chronologlcal viewpoint and a functional viewpoint.

" The WBS breakout was selected to provide sufficient visibility

to NASA without creating costly reportlng and monltoring requirements.

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

‘ness of the program elements become clearer. = | . ' ¢

i

The program m11estones were based on current NASA programmlng

t - - — - -

f and NR schedules in the Crew Statlon defin ion area. N,:;'
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3.0 General Requirements

3.1 Performance Coo T “?'-': T Tt 0T -

RPN — - — P e e eam

The selected configuration is based on six factors, namely:

l) Motion Cues are required for crew training in aerodynamic
_ fllght. T T T C I i :H' !

P ' - ¥

i
'

i

e e 2) Contemporary motion systems are not capable of supporting a

full visual system and the cockplt.

"‘”"3) For boost and boost abort transitions to aerodynamic fllghts

L4

-_tsustalned 10g1tudina1 acceleratlon is a hlghly desirable training

‘

__wm(l.e,, no rear visual) were acceptable. RS S TS,

T oMM IRV ORI RS

. 4)  The vehicle design philosophy is to isolate crew activity

e —— - o

J.-..between the front:and rear stations. However current NR data indicate=

’ that the Mlssion Specxallst may have dutles assoc1ated with the Comm-

- -ander's wing panels.- To cover this possibility- and any growth of

responSLblllty the M1s510n SPEClallst ano Payload Speciallst s seat

”l_positions have been 1ncluded in'the MBCS. ;—-:.? ; ;

H
1

5) The quantlty of tralnlng equlpment requlrement requ1red is

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

" minimum, it provides less risk than the previous approach.

6) A high degree of fidelity is provided for orbital tra1n1ng

_ in the FBCS. t...--;_l..-;._" R oo ;_.I i Lo f:_ ______ _

e —— e e = —

The HFTS will support the horizontal flight tests which relieves

‘the need for the SMS to support the’ HFT phase of the program éohver-

feature whlch could not be accommodated even 1f a llmlted visual systen

ry

N T ST SN A ' . : : 1
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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.

et ;

The deSLgn of the SMS has as its goal a versatile training de-

) .

X_

vice capable of training crew members to the required level of profici-

ency in all phases of the Shuttle mission.. The simulator consists of

_two crew stations (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

B non-interference basis except for entry, ascent, launch aborts, and

- - R - o Ce—— PR ———

: approach and landing Since motion cues are deemed necessary for

aerodynamic flight, the MBCS will be used primarily for this type of

training after both crew stations are operational The FBCS w111 be

used primarily for orbital work for ‘the same reason

A backup capabi-

R (RSO R e e __.__’,_.,__.,.._- —

lity exlsts in case the MBCS is out of service or in case mission

! 1 ) t

'requirements while integrated with MCC call for four man participation

— e s e e e —t R — -

o

for the FBCS to perform aerodynamic training To reduce cost equipment

t

unique to the aerodynamic flight regimes will be time shared between

: crew stations. Wlth the SMS equipment-specified crew members and grounc

‘: PR T .

R .
i ' ! i \
ey e o e e -

1)

p—-

sr.procedures for. all: mission phases.

¥

«\_personnel can be tralned in bas1c system procedures :and. flight 0peratio;
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6.0 Technical Requirements

6.1 Svstem Engineering Requirements

The documentation requirements are consistent with the intent

of NHB 8040.2 and the experience gained in the conduct of the Skylab

Simulator program.

6.2 Design and Development Requirements

6.2.1 General Design Requirements . __ . _ . ... ..

S

"6.2.1.1 Operability

‘All of the requirements identified and specified under this

-

heading are standard simulator type requirements normally defined in

“specifications such as the “following: ~ =+

“m__I;ainér,<F1ight Simulator,__“"
T .

.. __.'MIL-T-9212B (USAF) _ L
-4 ‘ i - . . ' . H . ¢ § .
o Aircraft, General Requirements for

- { 1 i t H . 1 . '

-l “MIL-T-23991C

IR Military Specification Training
Com T 'Pevices,‘Military General

S ; , j-A b -Tnim—kééﬁiregenté for ";,:5_5

;(“W“‘f“”MIL-T-82335A (TD) —*“;“*4""Mi1itary Specification, Trainer,’

Y N % Fixed Wing, Flight, General . __. .

1

A A N B R

. ~, Specification for o

oo These requirements are all commensurate with the intended
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 Facility Interface

6.2.1.2.1 Product Configuration

The layout requirements for the simulator crew station, I0S and

visual systems are based on NASA planning. The requirements in the

equipment room, maintenance lab. and office area ere based on the fact
that the SCC will be in Houston during the program and on-site personne}
will have to be quartered there to maintain it and install and checkout|

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

- addition to best commercial practices. . . .. . ...

6.2.1.2.3 Air Conditioning !
Describes air normally supplied to Bldg 5 by NASA.

Supplier to stipulate Vol. & Cooling to permit NASA to verlfy

. adequacy of existing system or to plan for modifications.

6.2.1.2.4 Facility Layout
Rexle ts arrangcments planned by NASA and defines the space

- e e e

for contractor layout Permits NASA to estimate complexity and cost

of Bldg. modifications required, and to coordinate building utilization

plans.
FIG. 6.2~1 shows dim. detailed info -~ Plan

FIG. .6.2-11 shows detailed elev. view of SMS area . ._ . _._

FIG 6 2 I11 shows overall (R&S) Bldg. arrangement for

space ‘allncated to SMS equipment ;J
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6.2.1.4 Software Design L N ;

6.2.1.4.1 Simulator System Software e i

It is essential that the task structure be carefully evaluated
to ensure the efficient use of the resources of the GFE Computer Complex
4s made. Otherwise, the situation could arise where the simulation task

requ1rements cannot be met because of excessive core and/or executlon

B -

; ! - , .
tlme constralnts. P IR !
, - e i ————— = , - e ;_" s e . - - e : -

..i-.!..... The choice of Computer Languages can have a direct bearing upon

the development schedule and man—hour requlrements as well as in the"

operational phase. Another area of 1mpact is the fldellty of the simu-

latlon software as changes are made and 1ncorporated S e et
S D

- In order for conflguratlon control of the 51mulatlon software

i : T

to be rellable, full use of the GFE operatlng system fac111t1es must

be made. This is espec1ally true in the case of source program up dates

and load module creatlon.' The support software must be as flexible and

N .
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6.2.1;4.2 Simulated Shuttle Svstems Software S .
. ' : ; U IO . ——
6 2.1.4.2. 1 §tructure ) "7'“iﬂ“l“§m"i {-7'MY'7 N :

' mi"l. ~m,“The Shuttle MiSSLOn Simulator is expected to consist of :

[RSEPS _,,‘:,._..;_....-_ fmemrm et e D e e e e e

Tt 1) A MBCS and, L P
. ._.4.___.:,...._':_. .__l:t- ———— -.__‘ e U ,_N..“»..-.‘.-—--ﬁ:_—‘t. = T»—-; --1-—. P S S, [ C

fef oo 2iodi2) @ FBCS . Lol Lol Lo e i

‘ i i ; . i H § : . .
gf_—f'fkfmfjmﬁw3)' Instructor/Operator Station separate for each plus
SRS ; ‘.,.L_s.-.’ - R cm e e e : -
--an optional instructor Jump-seat locatlon in (1) above. S
uyfﬁtfwfhf“mr“j The tralnlng stations w111 be capable of 1ndependent

- part task training, as well as 1ntegrated trainlng with the Mission

6.2.1.4.2.2 Training Congigurations. ~}~f~—?-f-: i—-F¢<~{~~-~~-ui

[P

P i“?” ;-’ The tralnlng instructor/monitor should have the 0pt10n

—~‘of selectlng the load configuratlon from the options avallable.

]

6.2.1.4.3 Modifications ‘“f'"f”T’"f'f" i ] T T

_s;-;-_is- “_rA we]] known prob]em is the conf11ct in computer requirements between
- training and modification requ1rements with training usually taking pr1or1ty due

to " schedule comm1tments The spec1f1ed system wou]d a]]ow moo1f1cat1on deve]op-

——— e e e e e

_ ment in para]]e] with tra1n1ng and, _in_some cases, s1mu]taneous]y without conflict.

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

o noﬁ'1nterference basis w1th assoc1a£ea dt19er programs AfPeE_Eh‘S stage of

----modification modules could be called into the training load and, T
) on acceptance, become part of the operat1ona1 tra1n1ng load under conf1gurat1on

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

- ~—for both hardware and software - espec1a11y for verification of the various o
) integrated/non- 1ntegrated modes _~ '—"-.:> ; ﬁ ,’ f ' Al, . 2.;ﬁj

f . . . . . .
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6.2.1.4.4 Simulator Modes R DU A
o The simulator modes allow initial action of each training problem,
operation under these initial conditions in real tiﬁe,Jgiéw'fimé or step-ahead.

as required for training and freeze or holding the problem at computed values to

17" allow instructor participation in discussions with the trainee without distraction
— of the_tfainee from the simulation. ) -
~6.2.1.4.5 Training Modes . T ’f”f” '"]"'%"'

| The'Simulator will be required to participatevin training exercises

o U VT L .
~|--—- with the mission control center in conjunction with other computers and

- " simulations. This mode is at. the users option L
Y o S S S A -

f—6.2.1.4.6 Telemetry, Digital Command System and Trajectory Interface

_h_mj% The interface is dictated by mission'phase reduirementé. Formats and

_—~@4uﬁdata rates are established by existing equipment. Any change to this existing

| i equipment is expected to be for the purpose of modernization to improve reliability
but will have only minimal impact on the simulator requirements. —ﬁ_j:
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6 2.2 Work Breakdown Structure/CEI,Organization i
v*‘i_h “'&he WBS breakout was selected to provide sufffc;ent visibli;tp
to'NASA without creating costly reporting and monitoring requirements.
.Modification will be made to this structure as cost and the critical-

uess of the program elements become clearer. fm{““;"fm~7"f"7“"7'””"'"

um-elements of the FBCS end 1tems w111 be minor modlfications of the end

wwgrdiuz The MBCS and FBCS spec1fication trees are based on the currently

.

items of the MBCS partlcularly in the software area. o
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. whlch can be readlly achleved w1th a standard alr condltloner eguipped

i w1th heaters to achleve ‘a comfortable env1ronment.' It further precludes

F.398.8.A

6.2.3 Crew Station Requirements

6.2.3.1 Crew Station Hardware . | : .
6.2.3.1.1 General Description ..;"Uu-ewé_tgwjmnﬁ.f-llmé,.blm”“< e

{

Thls section describes the physical constralnts of each Crew

| S—

Statlon conflguratlon 1mposed upon them by the motlon system and visual

.system characteristics. . . Lllalmlulgmgwmrmr_l;_l,,Lm. -
S DR T A T

6.2.3.1.2 Cockpit Envelopes '“f""7f7““T”77*f”; : y'f

i } : tThls sectlon descrlbes the parameters for the_crew station )

! 5 i ‘

) ' ; ; i - : P !
“size. .";MJ N N T T A N S 1 ‘_.f AN N T
o IR BERe oo
[T | . ! ' b 1 ;____l - 4 e e e s =
6.2.3.1.3 nghtlng T T B
! ¢ i

: H ¢ i : :
. . n +

! H

N K ' ' i ! ! ! ! ! X
2V VUL STV SV NP ST 1 [POSUREY S A SRR et e e = §

‘1'; ’Thls paragraph empha51zes reproductlon of vehlcle llghtlng.
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i l f !

6 2.3.1. 4 Interior F1de11ty - et %

H
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1
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ThlS section itemizes the crew statlon content as belng o

1 + 1
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,'“7'.This section establishes'the requlrement for doors and escape

replicas~of the~actual vehlcle,Q I
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6.2.3.1.5 lggress/Egress S E

B 0
+ t

hatches 1n a general fashlon to preclude unnecessary constralnts on each

i ! 1 ! : : i

. Coq
b ! - |
:sectlon conflguratlon. S e et — ! _urmiﬂnwn-rm%- -
' | ; . P L
6 2.3.1.6 Environment T E i i f “T | |
L S .__-.L_--.__._..._- I .__.;._,_,__._.._;,_.._. LU S R .
i ‘f .. Thls sectlon reflects normal air condltlonlng requirements

S SNUISIN PN, N e

1
1

1nadequate ventllatlon by permlttlng addltlonal outlets. o Lo f

— - —— - L L e ———————

6.2. 3 1.6.1 Pressure Suit - *:4~w%~4:"9-;"“““?;‘}“"“”?‘f"i'"?“’“‘ —- -

i ‘ ! !

o This sectlon is typlcal of requlrements for a hypothetlcal

"suit system. The fea51b111ty of supplylng suff1c1ent volumes to

LU ’

satisfy the "3.5 psig at maxl flow" is uncertain since ‘the suit char-
t

L]

e e e ___-,.___..&___._ -

acteristics (i.e., the max. volume capablllty) are unknown; -
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The last paragraph 1s also typ1ca1 wordlng to emphasize

o i .
crew safety. J »&m;*-~~-i-~~$~4m-Lu-~—g-~--3« b St -
S .,.,”;_HLMJ S A T G TN SR S .
6 2.3. 1 7 Stowage : R A
SRS SN AU S S SN A SR o

Thls deflnltlon is general and prlmarlly added to permlt the

trlmmlng of the outer llnes to less than actual spacecraft lines if

[ ¢
the excess is devoted to stowage. +""fm'"””“5~ N
. ; ' 4 : . .. e e e et
T : N R B i
6. 2 3.1.8 Layout Model “i_miﬁj_wtv§"»A”.ﬂ_l,‘5~_gu;“”1__t*ﬁw_“,w‘A,,_

; i
S _u.w”“».Thls section addresses the 1temlzed content of a mockup to

0 X i
-1dent1fy and evaluate’ ‘the proposed conflguratlon in an economlcal and

tlmely manner.: It.further deflnes the intent of the mockup as a non-

‘

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

should be av01ded

i

- +
i ]
| ' t

- —— ——

The use of fllght hardware requlrlng complex hardware 1nter£aces

Trainee and instructor station controls and instruments should

dupllcate the static and dynamlc performance of the de51gn basis orbiter

vehlcle in accordance with de51gn data and tolerances specified by that

data.

: Instrument oscillations, rates of change, and lags experienced

“in the operatlon of the de51gn ba51s vehlcle should ‘be 1ncluded in the—

SMS 1nd1catlon responses..w S

1 |
¢

- B
4 i

B i e
i
i A f
i ‘ : v
S S PO RPN AR S U SO

1
. LI

inl_im_L(Refer to Simulation Techniques’study, Sectlon 2.0).

- e e e ——— - |
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"l can only be. approx1mated at this tlme since they are chosen as a func-
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' 6.2.4 Instructor-Operator Stations
7 7 The simulator complex for the SMS consists of two training

~devices. - The training devices are: a motion base crew station (MBCS)

‘ payload handling. The MBCS would be used primarily to train the

. motion system capable of tilting the simulator to a vertical launch

1 pos1tion. A v1sual system capable of dlsplaying the ‘scene as seen from

.— exercises 1nvolv1ng one student, only one instructor is requ1red
: assocxated with space and aerodynamic operation. The FBCS would be used
»-be mounted on a fixed base and contain a v13ua1 system which would pro-

V1de the views seen from the forward cabin w1ndows and the cupola windows.

-Because of the number of crew positions to be trained on the FBCS, the

--consist of the following I0S modules- Commander and Pilot. Orbital -

" 10S's would be designed in modular form. The FBCS IOS complex would
¢ be 4 . Cm. P

'of.the mission. The MBCS would be mounted on a six degree-of-freedom

and a fixed base crew station (FBCS) The MBCS would permit monitoring

of training exercises for a11 phases of the mission except docking and

Commander and Pilot. It would also be used to train the Mission

Spec1alist and Payload Specialist in those duties required to assist

the Commander and Pilot during the Launch deorbit and landing phases

the forward cabin is also a part of the MBCS. The I10S for the MBCS

is des1gned to be manned by two 1nstructors.' However,-doring training

The FBCS would provide 1nstruction for all phases of flight :

to train all crew p051tions including the OMS - station The FBCS would

\

- — --___,,,_ . - - .-,- a o e U
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v training exercises could be conducted sxmultaneously on the MBCS and

' the same time, and collectively for integrated crew training, or
_missxon rehearsals integrated with MCC rz,.;;i-“j,.,n‘i VR
tors. When training was being conducted for one trainee, only one
'instructor would be required The remaining IOS s would be manned by

.one instructor each R S A S

ﬂicontrol and monitor all simulated training exercises. Instructor

‘functions‘are implemented through intelligence"received from repeater

e RS I L._...._i I SN SN AU SR — -

e e e+ e b — S L Tl i __'_.,._.__.._.

ments (e.g., Flight Director Attitude Indicator,-uorizontal Situation

{

.- P T I S e et aedcmrme—— o [ N e e - N

Y
t

Maneuvering Station, Mission Specialist and Payload Specialist, and

Telemetry Station. The Telemetry Station 10S would be shared by both

the MBCS and FBCS. i . . . T

- The design of the simulator complex would be such that

FBCS. The FBCS would prov1de training for all crew p031tions. Train-

ing could be conducted 1nd1v1dually at each crew station, but not at

et —— e e e g — -
t ! ; | . ' fl

. \
1 ; ! ! . f

i - i ! ' i

The Commander Pilot IOS would normally be manned by two rnstruc=

%‘f

. i
. ‘ . i

i . 1
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1
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1
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1
. t H H ; : \
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fﬂf Each IOS contains the necessary controls and displays to set up

i

!
t i

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

' 4 }
+ I i t ’ .

. U RN S
controls. - ; P P! % e g e _T
! i L»}----- S beme e pmemr e -

1 M » N l

Lo Repeater 1nd1cators will be reserved for basic flight instru-

-

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

be provided the capability to monitor CRT displays at the crew stations.‘

1
i
3
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Provisions-are.also maoe for the instructor to monitor the visual
scenes presented at the forward cabin windows and the cupola windows.
CRI display/keyboard units at the I0S will permit the instructor to
Imonitor ano record the trainee's'performance._ Through the CRT display/

- keyboard unit the instructor will be able to monitor the following

functions: S

- T Event Time Monitor  ——- —-—borom e b SRR
: ! : . ‘ Tt ' '

H '
! ; ¢
{ ) !

-

o poemem, - - - - - -

; Péf;bi' Panel Dlsplays (excludlng those prov1ded by dedicated
Gioplays) it e
-1 ic. Energy Management Predictor - . . | ' &
~~§-€ ;d: .Halfunction Insertion and Dlsplay | f~*l~;-~ﬁ4~%~%*~5mg~*
. b o . ' S U SO AU R SO LSRR
-éw-g €< ff; érew Station Setup Verificatiop j .‘f—“f g ; %m : f~j~-%
B _; g Active Malfunctions and Tripped Circuit Breakers
L . : ; o
"f‘i'*i‘h: "Mission Parameters and Summary Display~ T e R T

Interface Data Stream and Telemetry Monitorlng

e

-7 - - - _;..
';‘ T”T"*j. Enroute and Approach Dlsplay ek ?'f"% %“T“”““ﬁ“ —-
-! ' ; ] : i X
TTO0 B ;" - T Tt - Y YT TR T ‘ I
__ij*i_g__gk,_ System Schematic Displays RN ; b _4__<~J_“ i
N R ' Co ]
’T‘_f I il. Programmed Demonstration Displays RS : S

‘m. Trainlng Exercise Displays .,__;mﬁwri,ﬂsﬁi".f-ia-_A;”“La«

Eood R Coa

- U U SR U SR
n. Performance Monitor Displays : '
PR -.»..L_ - . e e e~ P CUUVUN EUUU S SN
o 3 H ; ; ; . i . : e
.t i |l 'e. External Environment Display T-Q;_\L ! U R S
. ) L} H ) ) . zf B ! .
! : : . . o | ! i : )

P Similator Reset Display N I T

i - . N 8__ : i
; : . T ; ;
i b l M |l ]
R S H : 1 ‘ - oy i v 1 ' ; !
' i ] ; :
' i f i i t ¢ ' .
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| ?:;M'. ‘q. Simulator Status Display
. The instructor is provided with all the switches and controls
necessary for the safe 0peration of the simulator and its associated
systems. The instructor has at his disposal the capability to "freeze"
the simulator at.anyAtine during.the.training.erercise, and to restart

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.

;-Q. Each instructor has located at his position a voice communica-

"”tions terminal which allows selective voice communication within the

. . IS .
-I simulator'complex as well as associated support facilities. - - --:--

In addition to the IOS s which are located external to the A

ﬁ»m—simulators, a one- position IOS is located within the MBCS This -

-

station consists of a portable seat which is installed prior to those

«---missions requiring Mis310n and Payload Specialist. The seat is located

i ' i .

i in the center of the cabin, just aft of the center console. Ihe

- instructor is also prov1ded a portable control box which permits
!

p— B .- e PR

limlted control of the training exercise.

e e s ke mm ies mem e e e e e e -

. where he can observe the trainee's performance more closely than is ~
possible at the conventional instructor station. At the latter station

the instructor cannot_observe the false starts associated with the
N . , \ .

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

: ‘ i .
i ! . . N B
! R ¢ i H i .
e S e e e JORS U UV Vg U QRO XSO VU0 R VOO U

:
H

——— - C e - - - - - . B -y . —— e -

. F-398.8-A
t
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- - , Locating an instructor at this position places him at a location
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i repeatability is excellent. 'f T

: jnithlthe capabilities of the installation site,

"%_3"L“%*_”Three phase power loads should be balanced.
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6.2.5 Ancilliary Equipment o e )
R e il el e -+ +
\ ot !
6.2. 5 1 Aural Cue System e "7"“"f”" - '

The best approach to vehicle sound simulation at this time is

" a computer controlled real time acoustic effects generator. Ita initial
~cost 1is relatively low compared to other techniques. Modification and

updates will involve primarily only software changes. In addition,

g m e e e —— e e 0 e B e T e R Sy

R G O O YU LA

16.2.5.2v§imulator Power - ﬁardware f S T R A ;"“ j

SRR Y MRS SUENUR SUUTIY TIPS S T

‘f*“r*“‘The simulator power interface must first of all be compatible
oL i .. [ «

PSS TR S U S VUG OE TR S SISV SN
. H

— —— -

T
|

| : ?

ii The power distribution should be designed with on;off seqdeBZl

ing and interlocks to prevent damage to equipments and to insure.the

. o . - I ; R o

! ! i ! : d . |
'”"—f“*—*’Shielding and grounding systems should be designed to minimize

|
[l WS SN S, — . — PR S — 3 =

l
.:internal system noise and to insure safety L R ! ! B
. : . ! ' ! ‘ | !
. . H 1 1
—— i H | | !

A | ,Bonding should also be provided | I | ' l :

— e

g

f : Filters and other noise suppression elements should be con:

|
|

’?sidered in the design to minimize EMI problems. I i T .
6.2.5.3 Central Timing Equipment - - —_;“f S N l o B
é .. *  NASA supplied time signals are required in order to naintain

—_— — b .

safety of operating personnel i L } i : ‘ R

v

systems coordination and synchronization In non- integrated mode, these

signals are provided by the SMS CTE to allow stand alone Operation.A All

Fed90~0"A
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- —1nterface, and the v01ce communlcatlons 1nterface.
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O, PR e e e -
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1
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systems shall key'on these signals to prevent time related events

from becomlng misaligned ' f o ST
6 2 5.4 _H draulic S stem Hardware o “_L“V'?

"This paragraph is inserted to Specifically define the area

: ' s et P L
'essential for future installations. . ol i
- . B .- . B .- . . .-_.f__.__,‘...-:...._.;..‘.A.*.....-. R T &

1

: { I C
6.2.5.5 External Signal Interfaces ~ i o oo oo - .

'T‘ME : Spec1f1c SMS 1nterface requlrements Whlch have been 1dent1f1ed

are the SMS/GSSC computer interface, the central tlmlng equlpment

i
!

{. .. _Interface requlrements with other control centers are not known

at this time. Interface with another center could be accomplished

- elther through the GSSC'data llnk or by telephone data llne to another

-~} : . . ! H H } i : i ’ . ; H : : !
: computer 1nstallatlon.. e ! U ’ i e

I

.-...4_.——.L

i ’ Under the current concept of SMS crew tralnlng, the I0S shall

prov1de all GCA and ATC functlons.. No external 1nterface requlrement
exists for elther of these functions. u_";~f~«g—f~w%fiw—~»; — : -

i

L “wThe 1nterface requirements and definition of tasks between the

: 51mulators 1n Bulldlng 5 and the Ground Support Slmulatlon Computer

“_(GSSC) is glven 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 1nformatlon

in the referenced document is subject to change.: .- ~-¢7--—~—~—~w——¥~j-
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6.2.6  On-Board Computers . ; i L.} | I
6.2.6.1 Data Procesgigg_& Software System: f‘% ”?'j"?“'.“‘ -
6.2.6.1.1 Fidelity T S

* ' The simulation of the Data Processing & Software computer sys:-

tem of the Shuttle Vehicle is required to the level that all crew display

data and telemetered data responses are extremely realistic for both

displayed value and time response to interface signals, commands and—

e e = - PN - . e PREUER b e e = = -

switching logic, and aimulator modlng. Both the short period and long

’period accuracy of the 51mu1ation must be very high to maintain astro-

et i = = PR [ v e e . e mm e amb i ap m e e e te - - mw e emee = e -

“naut confidence in the simulated system and avoid negative training

B l : H 1

in the use of the 9ystem._ This will be particularly true during M C C.

i e e e e -4 —— e s mes e o e e v e am et e e = - ——— e —

'mintegrated missxon training where outputs,of the ground computer system

are compared w1th the calculations made in the Simulator.' Hence the

,‘_.. -y . T . ——— - —— —— — D e e e T PRy PUNUU DU IS VOV S O

“-requirement for use of actual OBC flight programs, and an accuracy no

c o
‘ RS o) ,~J~‘& e eeath

less than that of the actual on-board computers. .
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S 1= gt — g e s e IRt B e ek R S i S Doy PR TN, SIS Mt S S
—I 1 -k T NV T Sty o O DA VO _._..__J_ _'J”H_L_, 1. ,..1 - s ; i :
RS .t ' i
" g ~— TP T -
, 3~ i Lo
1 i ; —
: ; :
! ! 1 i {
! '

T o A R S S S S et S W a S ol W NS
i T
i

| .6 2.6.1.2 GFP !ntegratiog oy

S S

l . . 1

- !—Jf 8 'As a minimum, the actual crew station display and control

¥

1
7

equipment should be used in the simulator to ensure high fidelity dlS‘

play and control. This should include the dual redundant tape readers.

If actual real world computers are to be used in the s1mulator it

must interface with the display, control, and tape reader equipment

. and also must interface with the main_ simulation computer complex.

1
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. 6.2.6.1.3 Flight Software T f ' | ,
R e T iR A
i 'f“'*“““‘"”‘Use of actual OBC fllght software 1is a necessity for reasons

»of 51mu1atlon f1delity and to avoid delays inherent in the functional

81mulation software development and’ test/verificatlon processes.'”

i i+ ey g = e ey et e+ g ot e o et b 0 e

1 t
. 1

62614 L.Q_a_wlmg R R i R R S L._-JM.,_M»,-,:

I o ot e | i

f"’_‘"”' If real world on-board computers are incorporated into the

. 1
SV S e - e -

srmulator,.the loadlng can be accompllshed using the same tape reader

and tapes provided in the real world with a minimum of tape editing.

T T T S SR

- o m . e e SRR — - -

__(Thls assumes that the OBC programs are to be reloaded in flight as a

- v E i ; ! f ! ' Ai 1 i : ( }—-—(-~4- I
tralnlng procedure.) r { Co ; g ' o | o
e R : ; _— S I N O S,
‘ . I 3 T
A
B j ; If. a translative or 1nterpret1ve approach to the 81mulat10n

1l
H

- is mechanlzed “the tapes will requ1re edltlng and/or preproce851ng to

o — T T o T

! } |

| '
)

I

]

c,enable their use. .__. 3
b . |

|

6 2 6.1.5 Modlng i | ' I :

e + ; 3 1

L ] The 51mu1ated OBC must interact with the simulator mode

|
1
i
i .
I !

R B N
T R

¥ TSP TN

1 ! l i . ‘ 3 |

RS [ A

functrons w1thout degradatlon.' If a real 'world OBC is incorporated ln
— L 2T . e e

—the SMS Spec1a1 interface- hardware, 1nterrupt generators, will be re-

i

qu1red interrupt handllng software will ‘also be required to be added

.——— e e e e e e} et = et - e 4 e e

DP&S OBC programs will occur w1th very short notlce.‘ Therefore, the

-—requirement for use of real world software is 1mposed.-4In conjunction
' 1

z. —— —— [P, — -

- . P N __..,_._.

--with this, -the .simulator software should be capable of being. rapldly

IR I

T T f

—r - =~

!' l !
- to the OBC software for these special functlons. ?-. i ‘ %-ﬁ—qg
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6.2.6.1.6 Ugdate~__: : S | ! ! o
—= - ---=—=1It 1is anticipated that software changes to the -
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If real world computers are incorporated into the SMS,

T R L T O,

|- diagnostic software is required to verify its performance, isolate

B malfunctions and minimize the time required to repair.’ These _programs

——t, A L o e~ [ PRSI R -

-qhsbould also enable test of ;nterface,‘peripheral and control display

— S — e T T

equipment where applicable. T |

§
1
T | i ; o ;
P ; Lo b g
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?

1-6.2.6.1.8 Interface e i - L o e
A | ! . ‘ ; Ll
This equipment 1s required to the extent necessary to

-*—interface GFE OBC ‘hardware to the GFE main simulation computer and to

$

[ B s et [
v

GFE control and'display equipment. : i ; ;

: !

' ; 1
P oy
-6.2.6.1. 9 Debugging Tools/Equipment - - ‘% i -Z
, | |

' !
i
1 ! H
T '
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t
N i

i
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L § Debugging tools and equ1pment and‘any Spec1alm§?st equipment

**should be provided in conjunction with diagnostic programs to minimize

i l i : 1
. d

i
, |
i ; i
! | :
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Q
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time to repair OBC hardware.

-
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|- 6.2.6.1.10 Synchronization - :'.

- . P e = TP . -t

Time synchronization is essential for operation of all

~

! s . '

calcuations in the vehicle and on the ground. ' ! | P

O IR

1 6.2.6.1.11 Reget -~ = ~~ri———————— | T

o

I — — I R e

, The reset function in the 51mulator is provided to enable

¢

‘”rapid return and restart at mission time points, where'extensive

[ U - —

) e B T T R UUPUEDISUSE Sp0UA POV VUG SO P

_training is required while skipping over time period of low activity,
: [, ! __‘__,____ i i : *: i .é . ] ! ; ; .
: : ) ”: ' i F ; i : : T ; i T i
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.updated and reverified, and anyv equipment or software required to

' expedite this operation should be provided A R A

. a—y .. _r..i_._:._ .‘,.._.:_-.,.h__....r-‘r*._.é O SV

) 6.2.6,1.7 Diagnostics D .Ligm»L..“"i.;iiimiie,,;w.: e

‘“‘simulator clocks and MCC clocks to minimize errors between he trajector

! ' ' : . ) : L ; . : ' ! 1 ; i ‘
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~e.g., sleep periods - for the on-board computer, the reset function-

- should also be synchronized with‘the main simulation computers to

avoid errors in the trajectory calcuation.<

U e e———— [POONSRE NR

. | L
- 6 2.6.1. 12 Redundancv Requxrements : “*'“fﬁ“r-7—~f~:'ﬁ-~ Lo

The Astronaut should be able to select the active and stand-

" by GN&C computers, and switch to the Backup GN&C computer and

w__realize ‘the same effects as in an actual flight. L ;ag_p_m.ujm
; !
| = = “=The requirement to simulate redundancy effects occurs in’

e e e b 4 4 i b e s i et e e e e s e n e o mam e e o [ e e JNR

4 conJunction with the requirement for simulated malfunctions to train

‘ ! L et e e
“-in all backup modes of operationi“‘f’- b élg“’j-; P
6 2 6 1.13 Slmulated Malfunctions __ | f g f j ; L } RS S

§ !

Simulated malfunctlons ‘should be chosen:based on fallure;

.. analysis of real world equlpment coupled with.thetdesire_to train the

“astronauts in all backup modes and hlghly cr1t1cal procedures to ensure

SRR o
_ their safety 1n the real flight.--tt N A M e
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.6.2:6;2 Main Engine Controlleriand“Interfdcensxstem'
6.2.6.2.1 Eidelitg : '*r*"""f~ﬁ"“f“#"““‘**f"* B ‘Tw-"'f"'*’f'““

Each of Lhe three Main Engxne Controllers C0n818t8 of

e v

e e SRR EE T

Eahnsent a) triple redundant input electronics

e I R T

b)) Double redundant computer interface electronics

S N

"7 ¢) Double redundant output electronics

e et S AT o 4 e e e = - - . - P P ....f B e et SRR ;. -

R e TR

1
—- L.——«——~74————w - —

'
i H

"7”"7"“T“f”" e) Double redundant HDC- 601 digital computers with a 12K

_word 16-bit plated wire memory . These computers are space rated e

‘versions of the Honeywell H'316 DDP-516 computers.'""“T

e e ey e — - I e T NN EPUIE e

r"mg_wnmc_etEach Main Engine controller 1nterfaces with the orbiter

avionics through a lMHZ serial digital command and response data o

~transmission system (3 buses per englne).plus an additional data path

(2 buses Pef"engine for recorded data and telemetry. T ‘“7”“
:‘ﬁ“;;’ .The simulation of the Main Engine computer programs should

~ be of equivalent accuracy resolution and iteration rate as real world.

Data rates and formats to recorders and to the Telemetry system must

. . .
U SO S ST S [T S i
be simulated w1th high fidelity. C I ;
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d) Double redundant power. supply electronics S R
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~16.2.6.2.2 GEP Integratiomn . ' | ‘.t 0o :
- e Utiliza'tion of corunercially available equivalents of the
HDC 601 are envisioned for 51mulat10n of the Main Engine Controller.
..... R T e S e e N
- e f el iy e s :...-,.....4_..._~ —— ._-L_.. .__....a-‘_._.n-_ r——— ..J..._.‘i.-...;,t bl e RN
-| 6.2.6.2.3 Elight Software .- S SNOVAF SRR U A S S
R Because the availability and anticipated amount of change of
flight software are unknown, it is presently deemed essential to be -
N able to utilize this software with a minimum amount of editing h
S S St A i e -
| 6.2.6.2.4 Loading ey - r—-e; } Lo ? 1
| | ] 1! L] e ]
SeeSection62621‘ : POt n ,
oo T ] P C T T
- -6 2.6.2. 5 Moding e - ; : ’ 3 ‘ i
) rm~ See Section 6 2 6.1.5 , L | Lo o o
e T ]
-~-—~6 2 6 2 6 Ugdate e B S - : : el
‘ L f : : I ! \ . !
SeeSection62623"! | |
o -t S T —
P t o f
-1 -6.2. 6 2 .7 Diagnostics - i ; T i l et o

i

[N S S—

!

!If real world computer hardware or equivalent is 1ncorporated

-|--into the simulator, then diagnostica are required for this hardware.
; , _6..'2..6_‘.2.8"ﬁl'n-t'erfavc_'e—wjv “: ;Lm f { :“T i ) : i | i : _m--:
‘ oo | P ;
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'62“62_9 Debugging 'l‘ools[Egu*l;nent o ' ; : f : | §
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6.2.7 .Computer Complex Vm o CoE L

activate, operate and ‘support the simulator. - All hardware with

’.achieve optimum utilization of the GFE computer complex. The ability
" and remote terminal proce351ng 51mu1taneously will facilitate the
xdevelopment, maintenance, mOdlflCatlon and utilization of the S%S

WVtask Coordination -of the elements ‘in a system such as SMS to insure

*sophisticated communication facilities.

SR SO SRy SO SN

i

" The SMS computer complex shall consist of a commercially'availabie
’ {

general purpose digital computer system_with_associated software to

options, peripheral equipment, and software will be provided as GFE

as spec1fiEd in Exhibit 3. - f' ; f“; ; . }“f' | ; St

l

The operating system requirements specified are mandatory to

|

- —— e e e - —— - —_— e = e e e e e o — PR

‘to support multi-programming, real time batch processing, and local

12

- - = e [ o et e 4 e e e S e n e+t v oo S o Sroas =+ e e = e & = ime

slmulation and background processing integrity dictates the need for

%i?F;

- VDU D G O Y

|—-more memory, and more central processor time, . __ . T S S S

S As the SMS continues to be used in training of flight crews

new changes to the simulation w111 arise "To achieve this capability

.initial spare and expansion provisions are necessary. This expansion

6

of the simulation w111 be in. the areas of more 1nput/output data,
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The current NASA planning envisions the DCE being provided

-
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to interface the SMS eqhipment to the GFP DCE and also to provide

6.2.8 Digital Conversion Egquipment

GFP to the SMS contract.
-spares for -the operational/modification phase. =
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" _bination of the visual system capability found on simulators of commer-

" crew and (2) to verify the adequacy of their perfofmance. Under ﬁhis
B or:phase ségments during which—sqch cues may goé'bg présent.

>_Bé‘fe§uiréa Sf fﬁé Shuttle Vehicle piiﬁté}hfﬂg-q;égtid;”can be asked

REV. A 3/23/73 ) B INGHAMTON, NEW YORK . REP, NO.
S S S
6.2.9 Visual System S S S T SN
I .
6.2.9.1 Geperal Requirements ‘ 7"?‘”?‘7‘“r"”“"“‘f

, Visual simulation systems willube needed for the front
windows, through which 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-

cial transports (e.g., L-1011) and on space vehicles (e.g., Apollo).
'Simulation of the view during atmospheric f;ight is not needed from the
rear window, which is covered during launch and reentry. For some
oberations, synchrony of the views through front and rear windows is

‘ requlred, e. g., when an object passes from the field of view of the

- front windows to that of the rear window. . -;m. j ; ? _4 _”-4 _L“;

7 " Throughout the treatment that follows, the emphasis will be

-on providing those aspects of the visual scene needed (1) to train the

philosophy, there is no need to provide visual cues for those mission

‘:T‘f'" ~—Agsuming a full manual approach and landing capability will

1f it is necessary to provide the simulation for both a Categotry II

instrument situation and the full VFR situation. If the skills
required to perform the manual instrument approach and landing‘taak

5re essentially the same as those used in the manual VFR approach,

LY

! ; It 4 t 4 S S e 4 : 3 H 4 .
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| Meyeball" approach if conditions are VFR. Economics will prevent this

then it may not be necesgsary to.provide the full VFR scene and simply
“confine the training to the instrument situation. Unfortunately, this
ooes not seem to be the case for the foiiowing reasons:

;a.' Just as there is a possibility of failure of the automatig
approach and landing system, there is the possibility of the failure
effecting receivers and displays used in the manual instrument approach

should this happen, one would expect the pilot to be able to make an

"kind of practice in the actoal vehicle, thus establishing a need for

[}

L T T

full VFR simulation."f’ i o

G S U O U0 SN

¢¥~>-vﬁw~b. -Another conSLderation that suggests the need for VFR simu-
 lation has to do with normai pilot performance when all systems are

- operating normal and the approach and landing will be made under VFR

. conditions. Because a more precise approach can be made when the

automatic system is operating than when manual skills are being

rotilized, ond aloaouaiiy £lown insttument approéch is oore precise when

-used under VFR conditions than an "eyeball" approach, these become the

<

preferred approach techniques onder VPR-conditions.‘_However; when

"VFR cues are available, the pilot will intermittently use them to

Cross- check the validity of the situation as being depicted on his

instruments. Since the scene as viewed out of the cockpit has the

highest priority inddetermining the need for corrective responses,

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

______ - PR - [T -

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

-

-
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scene he expects to see at any point in time if the situation is normal,
becomes a8 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
the pilot's previous experience will

- It thus becomes essential to provide

_these "expectancies" can bewprcperlj

uniquely different approach path,
not provide the necessary standardg.
the kind of experience from which
Again, and for all

structured.

done thrcugh full VFR simulation.

- practical purposes, this can only be

e A":;;: In édaition“te the aboue~arguments fct 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 instrument approach

is made. Not only are attitudinal cues less discernable and;precise

when acquired outside the cockpit than when depicted on instruments,

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

-

puts ‘a lag in the control loop that increases the difficulty of the

task and makes it more subject to error. Also, because the pilot is

: very poor in making judgements of rate and altitude, with extra cockpit
cues, he must make frequent references to cockpit instrument even on a

VFR approach. Each time he shifts his focus from distant references

outside the cockpit to close references in the cockpit more time is

’-

<! required for both his physiological and psychological adaptation . T;Vm

? L
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to the new scene.

This again puts a greater lag in the control/display

loop; further increasing the difficulty of the task.

Therefore, simply

training a pilot on just the instrument skills will not assure an equal
proficiency when VFR cuesg are available to him on an approach and 1land-
- ing. The economiés of the Shuttle situatipn suggests that the total
skill requirement for assuring safe approaches and larndings must be
acquired via VFR simulation.

Thus, the emphasis will not be én realism per se, but on the
provisions of cues (or aspects of the visual scene) adequate to enable
needed tasks to be accomplished. Under nofmal conditions, therefore,

Operational tasks will generally be easier than those practiced in the
simulator, with the exception of zero=g effects.
-~ -Even with these delimitations, Shuttle visual simulation may
require a combination of capabilities each one of which stretches
.’the visual state-of-the-art: wide fieldféf view, simul;aneous viewing
by two crewmen, disparate imagery (earth with cloud cover, viewed from

near .and far; celestial bodies; rendezvoué vehicle), and, possibly,
stereopsis (for manipulator arm control). - |

The problem of sun shafting merits special mention here.
Assuming that the training objective (with respect to sun shafting) is
to avoid sun shafting conditions, rather than attain competence in

working under conditions of sun.shafting, this phenomenon need not be
signaled, e.g., by a whiteout of the visual

*

gimilated, but merely

<

.-field or by a sun symbol. - : . o -
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-»fhe rear window is uncovered by the cargo doors during non-
| eCmosbherie flight, and, while its prime'functions is to support the
use of the manipulator arms during payload operations, and/or docking,
end undocking, it_cah also be used by the spacecraft commsnder and
‘pilot to view objects not in the forward windows' FOV. Since existing
" motion syseems casnot suppofﬁ visual systems and eockpits for both front

and‘reaf gtations, providing the rear window view to the spacecraft

commander and pilot would require a separate FBCS, iﬁ addition to the

MBCS, w1th v1sual systems, mounted on the motion system ; e

PG S O U | [ e
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The resolution requirem°nts for each of the mission phases

depend upon the use to be made of the 1nformation provided by the

‘visual system. When the visual system furnishes steering data that is

.

.closely coupled with control action, e.g., during the latter portion

" of approach and landing, high resolution is called for; when it fur-

.. nishes general orientation data, a lower resolution can be accepted.

o  For example, verification that the SRM has separated does

not require an accurate image of the SRM; a somewhat soft or fuzazy

.. On the other hand, a rather sharp image of runway edges is required
for proper lateral control during landlng. Were the runway edge fuzzy,

its exact position would be indeterminate, and large laceral deviat ions

from nominal could occur before they could be pereexved.

\ . O

. « LT . i
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' SRM image, provided it were easily recognizable, would be quite adequat¢

b o
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This 1s the same basic philosophy as that used by the Air
Transport Association Training Committee in specifying resoiution
requirements for visual system (Visual Simulation for Airline Aircraft

| Simulators} Guidance Information, adapted 24 January 1968).
~"'” ATA established, for each of 6 points on the glide slope

different distances from the end of‘the'funﬁa§ (6 mi.-& mi, 2 mi, % mi,
1000" and end of runway), 1) What You Must See (at 3 mi, e.g., "“complete
runway detail"i; 2) How Wéli (at % mi, e.g;; "to recognize 6' Qertical
object on end of runway") and 3) With Abilxty To Accompllsh (at % mi,

_€.8., "Alignment, establish closxng rate and maintain touchdown

cam mimit = 4 e e s e e e e b e ———— e e s R

poxnts")

e e SN

s O 4 e e e Siee ———ai- . -

Contrast requirements are less task dependent. Visual acuity
and ease of perceiving a figure (object) against a ground (surround),
- depends on the contrast between them; low contrast ratios will cause

visual tasks to take longer, be more fatiguing, and, in the extreme,

N

fail to allow proper visual discriminations to take plaée. Fig.

6.2.9-1 shows the effect of contrast upon visual acuity at various

< i

brightness levels. . . . —: - Lot L

" Brightness plays a similar role to contrast in determining

-

#isual acuity. The eye cannot sense the brightness of a visual field
to better than an order of magnitude (if that); acuity becomes better
with increasing brigﬁtness over a wide (107) range of brightness

values. See Fig. 6.%.9-2 -fﬁThevﬂrightness(and‘contfast)'of a visual
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simulation system should be such that acuity, in the darker portions of
the field (e.g., those with .01 the highlight brightness) is still
enough finer than the visual simulation system resolution so that the
yisual simulationisystem resolution, not human visual acuity, limits
. the man-machine system performance in resolving objects. o
o The problem of flicker will be noted here, but not treated in
any depth Other things being equal, flicker will become more per-
ceptible (and hence more objectionable) as other important parameters
of the visual 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

PRS- [EUR S U ey e PP

xithan more-acceptable o c”“,m;;-wL”irir-L,;,_Lm;**;nﬂr»_f,”_u” sﬂguu

B I e

For flight out91de the earth 8 atmosphere, the orbiter can
assume any attitude, and hence it is desirable to simulate the full

A fieldpof view or the'spacecraft windows;psince objects of interest
(stars,.earth, rendezvous vehicle) can appear, depending on the orbiter
attitude, anywhere in'the field_or-yiew.‘:During atmospheric_flight,
attitude constraints, with respect to flight path, can limit the
'appearance_of imagery of interest-to selectediportions of the window,
and hence simulating the full field of view of the window may not be
necessary. Because of the time sharing between crew members of tasks
requiring extra-cockpit vision, the visual requirements for-these crew
Astations could be non-concurrent; ‘for egample,;during approach, the

_ e e me et e = e = e+ em e ke o P Y R U Uy GRS PSS SO AUV N S S
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pilot may be viewing the external visual scene while the copilot's head

ls in the cockpit, viewing instruments. o

"In order to provide full freedom of head movement within the

éimulator a 12 inch radius sphere is desirable. However, a 12 inch

diameter sphere would be adequate to provide sufficient training and

‘permits a larger selection of possible hardware designs. =~ °° ¢

e ’

6.2.9.2 Ascent Phase (Vertical launch to orbit insertion) -~ ~ -

While the extetnal visual scene 1is visible during at least

part of this phase, it 1s not used as a basis for any crew actions, with

PO e . —_ ——— U U

two possible exceptions' o

‘a) Such visual information might aid in determing whether

1- ration to 3g, are eicher'accomplished automaticalay,wo; based upon

e § et e i 4 e e e e n e e ——— s g e+ NS e e i e 4 e — s

_an abort is necessary. R S S = & b .

b) Visual verificatlon of SRM separation. o T

f"i”-“QWM It appears that all control actions during thls phase, such .

L cockpit 1nsttumentation' no 1ndication was found in NAR SD 72~ SH 50 3,

j or other Shuttle data, that any external visual cues are used during

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

that identlcal cues requ1red for each abort mode be provided.

T o - - e e mmmes ~t ———— - - -

'6.2.9.3  Aborts L-i.AiHJ_,%_;v¢a G L roA T T L
During this phase, out-the-window visual data are needed to

establish altitude and to perform a landing. This landing could take

 p1ace at KSC, WTR, or at a generalized airport. Four separate aspects

of approach and landing, .each with different visual system :equirements{

e e . . .em

need to be'distinguished: '“A, Q- f o <T.,i . e

| : A A : !
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1. 1IFR landings under Category I or Category Il visibility

conditions. As will be noted later, this requires only a narrow rov.
2. VFR approaches after glide path has been attained.

The 15o glide slope is intercepted , and thus the pilot does not need
to look all over to orient himself. Hence, a narrow FOV is adeouate.

3. VFR flight above approximately 10,000 feet. Before the
15° glide slope is intercepted, the pilot requires a wide FOV to orient
himself properly. | | | |

4. VFR flight with air-breathing engines. The orbiter has air
bro;;;;o;"englnes only for ferry fllght, therefore the Capablllty exists
- for a missed approach and go-dround, and hence a wide FOV is required.

For the first case, IFR larding under Category I or - Category
II v181b111ty conditlons, a horizon is needed at altitudes above |
possible cloud layers, and a presen;ation comoarable to that of visual
systems of commercial transport simulators for altitudes below Category
) iI ceilings.. Typical paromoterswfo;A;och ; éafegoryVII.visualyianding
} gsimulation would be:
fOV: . 30 x 500 This FOV, which has proven ade-

quate for simulators of commercial

=+ ww..o L .. ..l..... transports, is far less than the

T S o " FOV of the vehicle. A recent
% | | study* reported '"The result of
flight trials, at night and in low

. -- -, visibility, with restricted peri-

pheral vision are described. They

were undertaeken to dircover
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whether lack of peripheral vision
was a major cause of poor landing
performancé on conventional flight
simulators. The results show that
landing performance in flight is
alﬁoéc unaffected by loss of peri-
pheral vision, even in poor
visibility."

* Armstrong, B. D., Flight Trials to Discover
Whether Peripheral Vision is Needed for
Landing. TRC Report No. BR-233291, Nov.

' 1970. Abstracﬁed iﬁ Ergonomics Abstracts

| -« 1972, Vol. 4,'ﬂo. 2; original not seen.
“ " This confirms an older study**
by Roscoe in which it was-shown
that pilots ébdld execute satis-

factory landings with only a 10°

o . .
X 10" periscope view.
*%* Roscoe, S. N., The Effects of Eliminating

Binocular and Peripheral Monscular Visual

Cues Upon Airplane Pilot Performance in

Landing. Journal of Applied Psvchology 1%.:3,
& I

32, 649-662. \
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The only conflicting data come
from experience with the VAMP on
an F-4 simulator; pilots reported
that they could not land the simuf
lator without a wider field of

view than VAMP provided. However,

~ the high angle of attack of the

F-4 completely blocks ocut the

-view of the runway when landing,
.whgreas the orbiter front window
.18 specifically designed to pro-
 vide "Sufficient up ;ision to see
the entire length of a 10,000 ft.
Ht@nvay atipreflare'altitude with

. worst case transients in orbiter

pitch attitude...(and) Sufficient

down vision to see 2°,below the -

horizon at main gear touchdown at
worst case nose up attitude (tail
scrape angle'of 180). This is to
assure that the pilot never loses
sight of the runway ahead of him'
(J. D. Denbuck (UIAR) owo e,

SSP-PE-72-034 of August 18, 1972)
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As noted earlier, the task of
landing the craft is quaiitatively
different if ceiling and visibility
are substantially unrestricted, and
hence a different set of visual
requirements holds for these largely
- VFR landings. Thege requirements
include a wider field of view, since
the pilot has time to look around
and utilize the data obtained, and
terrain contents compatible with

altitudes, during the terminal

M

"7 7 approach and "along the glide slopes.

Colox ié desir#ble,'but ndt agsoiutely necessary; 1f a pilot
can shoot a landing with a monochromatic presentation, he certainly can
do so with a color system. : e .

"A target acquisition study'(Fowler, F. D., and Jones, D. B.,
"Target Acquisition! Achilles Heel or the Display's the Thing:"
Proceedings of Soqiety;foy Informatioq 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 recognition.' -

‘The repudiation of the need for color would be invalid if it

were necessary to use as cues the different colors of airport runway
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and taxiway lighting. Lack of such color differentiation (in a
monochromatic system) is thought to make the landing task slightly more
difficult, but certainly not impossible. We may conclude that color,
while desirable, is not absolutely necessary, and may be traded off, if
needed for brightness, FOV, etc.
During Abort:Modes 4 & 5, and to some extent during Abort
Mode 3, the crew is engaged 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. ,
Maneuver Range: { | “; Area simulated modestly larger
‘ | that that visible under Category
. , II conditions.' Go~arounds wiil nq
be péssible in the configuration
without jét engines, which greatly
increases the area that need be

simulated.

6.2.9.4 Orbital Operations Phase : o

During this phase, both front and rear windows are available
for use. The front windows ecniy will be used during the sctual perior-
mance of orbital changes, even though the rear, as well as the front.
could ke uscd for vieusing the jettisoned external HO tank. Thus, the
needed scene content is for the front windows only and includes exter-

nal HO tank, the horizon, and perhéps celestial bodies, if these are us

b

y
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for orientation. The cloud cover over the earth may be homogeneous

!
3
!
;
1
1
l
i

and extensive enough to eliminate position cues and hence simulation of
ground points is not requirea; however, attitﬁde cues are provided by
the horizon.

A During this phase, the alignment of the backup navigafionvsys—
tem is accomplishea 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 selécted to
be sighted. However, the sun, moon and any of the four brightest plan-
éts may aléo be used. The éimﬁlation of tﬁe starfield used with COAS
need not be better than iO;?So’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 féduifeﬁeﬁts'aréyéimilar to thoge

of Orbital Operations, with the requirement of the rendezvous vehicle

being substituted for the'exéetnalrhyd?dgeﬁ/ok§ééﬁlt§ﬁg;”

AR At a slant range of 300 n.m. the target is acquired by means
».;f‘TACAN.“AéSuﬁing the reﬁdei&éﬁé“t;;géiiibjhé:;ﬁbtbégiofbitef 110 ft.
in lenzth and perpendicular to the line of sight, the target will sub-

tend an angle of ij éfévsec;;d;, a subtenééAwell beléw the réé&iution
of any known system.

.fhe distanée.ét wg;chvviéﬁéi—;;;;igigigg_;E‘ﬁﬂeﬂ;éndezvoué
vehicle will occur depends on whether it is a bright object viewed
against a dark background (rendezvous usually begins this way - in

o ey Bl P O TP
L &4 Cqae DLl

-

. P : .
Aanle i e GES e ey m e 3 S N e T P
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When the rendezvous vehicle is considerably brighter than the buack-
ground, it will be detected when it subtends no more than a few seconds
of arc, e.g., at the 300 n.m. TACAN acquisition range; when it is
considerably darker_than the background, it will be detected at about
130 n.m., when it subtends about half a minute of arc. The angular
subtense of the rendezvous vehicle when it is visually acquired cannot
be duplicated in a simulator within an order of magnitude with the re-
solution attainable with current visual system technology; however,
visual acquisition at maximum range, while desirable for procedural
purposes, does not appear to be a difficult eask requiring training.
To- cope with this limitation, it is suggested that the simulator image
of the rerdezvoa vehicle be maintained at no lesv Lhan 2 or 3 reso-
lution elements, or the actual subtense, whichever:'is greater, so that
the rendezvous vehicie cen be §isua11§ aequired'and eracked properly.
Critical visual tasks, from a trainxng standpoint, during this phase
include determlnlng the dlrectlon and distance of the rendezvous
vehicle, and maintaining own vehicle orientation. In addition to the

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

-

bodxes that are uscd for orlentatlon, and the earth.

1}

Fi eld of View: ru11 window coverage desirable
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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 simulaction
sétting)'sﬁem from the inherent difficulties of ﬁulti-dimensional
tracking, rather than from simulation inadequacies, and tha;, compared
" with that tracking task, the perceptual tasks involved are comparatively
easy. Hence, high fidelity simulation of the visual scene, in parti-
cular providing binocular (stereopsis) cues, should not be necessary,
since monocular depth cues, such as relative size and interposition,
provide sufficient visual information. }The éimulaticn of the dynamics
of the relationship between movement of manipulator arm controls and
” £he lbéus—éf-the im#ge of tge”;rms mu;t.ge.siﬁﬁlétéd wifﬁ'high fide-
"lity. With a one- dimensxonal tracking task, Warrick (WADC RN 55-348)
reported that lags of as little as 50 mllliseconds in display degraded
tracking performance significantly. With a multi- dimensional tracking
task, effects of such lags would be no less serious, a very tight

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

simulator is therefore required. N - SR e

The uncertainty of the position of the maﬁipulator arm

relative to a target, resulting from the limited resolution of the
visual system, should be no worse than the inaccuracy of manipulator
arm positioning itself. At a maximum arm reach of 50', the #2" tip

pésitiohal accuracy corresponds to 11.5 arc minutes. Hence a visual

-
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. system with a 6' resolution would increase manipulator arm positioning

inaccuracy by 1%232 or-27% (from 2" to 2%") at the maximum arm reach
distance; at closer distances, which are both oore likely and more task-
critical, the incremental error due to visual system resolution.(or
rather the lack thereof) 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
‘111uminate as a function of distance, etc. These cues enable the re-
lative viewing distance of various elements in the field of view to

be determined i. e., what is closer. and what is further away._

FOV: e Full window desirable. ‘

-

. Color: e Monochrome adequate

6.2.9.8 Deorbit

e e e @ o e e — b —— -

- The selection of a landing site, one of the objectives 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. The visual simulation requirements for this
phase are identical with those of Orbit Operations. . . SR S B

it b St S T

i
+

6.2.9.9 Entry

" The visual simulation requirements for entry:are identical

with those of the orbit phase that precedes it.
- : B . TR T

<
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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 accomplished under abort conditions or under normal

miséion conditions. -

6.2.9.11 Ferry Flight
" This phase can be partitioned, for visual simulation purposes

into five sub-phases:

. - Taxi . _— - e s b e 4 e Tt bt a b Aottt o e bl o e e are——rat e e e

,‘.A

_Takeoff & Climb

~ Cross~-Country

In-Flight Refueling . . .

Approach & Landing T T T
The following paragraphs address, for each sub-phase, the
desirability of visual simulation, and (if desirable) the visual simu-

lation requirements. S

i

6.2.9.11.Y  Taxi .. o T nTTT oD T
There is. a paucity of information on visual simulation of
“aircraft taxi. No training simﬁlators have stressed taxi, though the
- capability for taxi exists, as a fallout of landing simulation, in
camera-model and computer-generated-image visua; systems.' 1t is
generally acéepted that, 1) commercial transport pilots are exposed to
enough actual aircraft taxiing Quring nqrmax'tféining,”eéén in training

prdgrams emphasizing simulation and minimizing flying, to eliminate

i
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the need for simqlator.training in taxiing, and 2) taxiing is a skill
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. |
There thus appears.to be no requirement for simulating the
| visual aspects of taxiing, although if such capability '"falls out" of
other requxrements, it could be utilized.
» | * This is in spite of the fact, noted by J. Roebuck in
NAR Internal Letter SSP-PE-72-034 of 18 August 1972, tha
_'"Because of his height above the ground (approximately
S "m”w;"22 feet) during rollout and caiiing the pilot (based on
B '747 experience) will think he is moving about 1/2 as
fast .as; he actually'is.....}..".'. o
6-2.9.11,2 Takeof aéd Climb _;‘:t”z, ;.;"WL.

‘As with taxi, there is a paucity of information on visual

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

cpeme e e e g e

vides, during this phase

R Free i 4 m g e i s n e 5 s bt b e e«

- . steering information, to aid the pilot in keeping the

aircraft on the runway.

. run distance to éid in determining whether to abort

!

4 —

- -

sdiakeoff‘

. horizon or equivalent data that aids in keeping wings

level, or as a bank angle reference , .

L3
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. height information that tells, for example, when the

wheels have left the ground and the landing géar 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 requirement for visual simulation here.

However 1f a horizon and cloud cover can be provided with no increase

in complexity, it is desirable.

6.239.11.4 In-Flight Refueling

" The flight by visual reference required during this phase

'is similar to formation flight. The Air Force has conducted .in-flight

refueling on a routine operational basis for some two decades, but has

not moved seriously toward developing visual simulation for training

1

in in-flight refueling. A development program in this direction was

1

_ .initiated in the early sixties, but dropped before prototype construc-

. . i f [} i §
tion.
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" In light of the Air Force's experience, it would appear.

" ‘that visual simulation for Orbiter in-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-

jected, no substantial effort should be directed toward development

of visual simulation specifically for in-flight refueling. As with

taxi & cross country,if the capability for visually simulating in-flight
fge;ing ""falls out'of other visual simulation efforts,it might very well

re-
be
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--exploited. The image generation requirements for in-flight refueling
anppear to be similar to those of rendezuous (when the tanker aircraft

is distant) and to payload operations (when the tanker aircraft is near
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'6.2.9.11.5 Approach and Landing - T 1 "’“}'"’“ - ”"”i"’”.””"”" e

The visual scene during this sub-phase of Ferry Flight

" differs from that during the Approach and Landing phase of an orbital
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_ mission in several respects- ,“““4“_1“;“1_ ‘ ;_<
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L“*‘f"‘““"“‘”l “The+ flight profile is different during Ferry
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. approach and landing it resembles that of a. commercial transport

””7‘f“~""’ T 2. Power from Jet engines is (barring catastrophic mal-

functioning) always available during return from orbital missions
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i such power 1is not available ”““j“ 0 E-;' R
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mﬁinr“.._i_va_~3 . As a consequence of 1 and 2 above, such maneuvers as

circling approaches and rejected landings (go arounds) can be performed
T [ T e A R Y R

' _during ferry. __.. ;‘. ; f L — f , i LI ;e-i”;.;.-..m
w““-‘”~‘"-f<fﬂﬁ*4: ‘Many additional airfields are candidates for-Orbiter

. use during Ferry, both programmed- and emergency. - oo

“f“‘“"”‘“”*ﬁ Hence a visual scene meeting the requirements noted for

- —the Approach and Landing phase of orbital missions should also meet

the requirements for the approach and landing sub phase of Ferry.
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.~ TABLE 5 oo 7.

PAYLOAD OPERATIONS

PHYSICAL DIMENSION

LENTH = 50 FT. (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 BY SOME MEANS IS
REQUIRED. SPOTLIGHT SHADOWS BY

EITHER ARM OR OWN VEHICLE OR . .. ..
TARGET VEHICLE. .. o T

S s TEE FL G

- E I
ey ——

e o ey

" ARMS FIXED TO DOOR

REQUIRED: ALSC MOTION FROM FIXED
POSITION TO 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 5 Of 5

<4
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6.2.9.13 yisugl and Motion Cue Coordination . . .. ....__:

"Motion and visual cues are important in a number of
critical mission phases and flight maneuvers. fhe visual scene provides
essential control information, while cockpit motion cues permit the
crew to anticipate some control requirements, and to assess the effects

."ofxothers;‘hefore they are reflected either in the visual scene or in

-rthe cockpit instruments. The development of the piloting skills re- -

—— om0 e — e e e PR s . s e e . — . ——

quired 1n a specific--aircraft“consiata.largely_in_learning specific

w~relationships between motion, visual and-instrument-cues and aircraft

. responses in various configurations and rlight environments.. The coor-

: dination of motion and v18ual cues in the flight simulator is thus

critical. in providing a learning env1ronment which is as representative .

"of the actual aircraft operating env1ronment as is possible T e

a [P B P U e o e ——

-r.._,'_ 1
l
|

R ; It is impractical to design a simulator which duplicates

!

‘“all agpects of the vehicle being simulated. Some aspectS'of the

) vehicle must be neglected for economic reasons and some due to limita-

"tions in the technology of simulation Some vehicle characteristics-

b e o © e e — - — —pen e e ————— - -

must be modified to permit optimum control of the training situation :

Decisions concerning the representation. deletion and modification of

e — . b e -+ e b b o neeen - e e - -— memee e apme e e s e

vehicle charactericties will be based on a complete training analysis.

However, when visual and motion cues are identified as relevant to

training, it will be necessary. to coordinate their simulation within

-

limits established by the perceptual capabilities of the crews to

[

LY

..be .trained. ... _ e e e ¢ ety .
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In learning the skills required to Operate a Specific air-

B P e

craft, the pilot must, largely through trial and error, learn to predict
the timing'and‘magnitude of.control.inputs-in“aivariety of flight

” maneuvers, aircraft configurations and operating environments. When
i 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 1nput required to can-

~gel it, make the input, observe the effect of the input and repeat the

—————— 4 e e e e e P RN UV P e ——— e - o b o =

cycle untii the desired aircraft response or’state is attained Depend

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

._ on either the visual scene or. the cockpit instruments. Regardless cf

which source of data is primary under a given set of conditions, cockpit

.- motion usually provxdes additional information which is useful in

B establishing control Motion cues have the primary effect of alerting

————— - —— —— S PRV g U NU Y -

‘-—the pilot to the general nature, direction and extent of aircraft

response Because they are frequently sensed prior to the visual and

e

-—-instrument cues accompanying a response,-they tend to “'quicken'" the

-

) pilot 8 control capability;’and in some aircraft and flight conditions,

-——make the difference between acceptsble and unacceptable pilot con=

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

RSN

B they be provided in-the simulator in the same temporal relationship to
the visual‘and instrumentjcues which_they accompany inithepaircraft.

The perceptual limitations of the pilot permits some discrepancies

' to exist between the simulatcr and the aircraft, but ‘these are rela-

- ——— . e e —— . o g e

- A SR

, h . 1 i : : | N L ! e 1 s ! : . : !
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tively small, and are proportional to the normal time periods existing.
in the aircraft, between the occurrence of motion and visual cues. In
fegéa%&g b& ﬁooorow (1l”a$d by Bleneli (2} ondtne‘e;timetion‘and repro-
duction time intervals, ‘from 0.2 to 2. 0 seconds, it was found that

-y [ e e e 4 e e e e b e e R - - . —— i =

subjects could perceive differences of about 8% of the standard interval

Assuming a reasonable correSpondence between these laborafory functions

——— - - —— JR . = .- —_— S U UG Y

and the timing functions in multi- dimensional aircraft control, accu-

) racy of visual ‘and motion cue. coordination should be within 107 of the
wcrelationships measured in the aircraft itself. __-LAJ i 3__§ ! ! f j

1L WOodrow, H., Time Perception, Chapter 32, Handbook of _Experimental

- ;~-Bsychology, S. S Stevens, Ed., WLley, 1951. E S S N

l t

I . 1

T2 Blakely, w in WOodrow,mﬁ., Time Perception, Chapter 32,

[ U BT e

~~Q—J~Handbook~of Experimental Psychology, S. S. Steyens,»Ed., Wiley, 1951
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6.2.9.14 AVisual System Monitoring Requirements = . | __ .

CT "7 Traditionally, the simulator instructor monitors student

performance in order to provide guidance in the learning of well-defined

' tasks and tO evaluate progress in the development of specific, essential

—_— o e - . —————

-skills. In the Shuttle, the procedures and skills being trained will

be somewhat less well defined until Operational experience becomes

__available. As a. result, the simulator will be used initially, as much

for the deveIOpment of effective and eff1c1ent Operating procedure° as

~~-for pure crew training. - The instructor will.prov1de guidance 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 respon31ble fOrlbringing both operating

|- procedures and crews to optimum levels of efficiency prior to Shuttle

e e e e — D NS U

- : T i v i

Operation. . L ; f R

-—— VS 3 -

—— e e —— e -

|

i
-

S S S S Although the instructor will be a member of a well--
i

— 4 —= ey e e A et o e g e b o e e 1 —— ey - -

integrated team, his functions require 1nformation and control capabi-

—————

-"hlities-unique to these functions, to enable him to control the operat ing

situation for optimum learning and to monitor performance parameters

'-which are not normally acceSSLble to the crew in flight Operation, but

w-—-_f- - -

“_which_havemsigniiicance for optimizing training.wj :

[

‘
S S

g . 4 +
i : .
t ‘

H t

{ " "Requirements for instructor monitoring Of crew visual

tasks were derived through a gross analysis of crew and»instructor

"functions in relation to training for atmospheric and orbital opera-

—— P - - - e mamem e — e - - ———

_— e ——— ,-__’s_..._ ———— v - -

m mr m e e e g e e 4 - afm v ey ———

; . ' ; : ! i ! . . : ; } R | ' : !

U

"“tions. This analysxs is summarized in Table6 2 97, IOS Visual Monitoring
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. 1 3.0 ABORT ) 1.3 MONITOR ADORY FROGAAM, L RECCINIZE CORRECT W ninteT AWORT 1.0 « 6,0 wO{TOR: - pev S you
| (0-30 sec) . CHLUPRUE s JUbfe gl griResi il Fon a, VIHTCTETATITUDE FLiant A, GHAPUIC DISFLAY OF '
. . N WAL NI, OF ARAT, TAIH AND GIOUNID TRALX DA - GUATIAL, PIIATIONT AMOND
! : TA, AR AVATIADLE ™ TR | VMICTE pec i ann .
' . * 1.2 coNTAny, VEMICLY. ATTITUDE LND[1.2 PFACFIVE AND CONTRN. PLTITURE, CREM, ATT il PAE I AN HEe .
: : FLIGHT FATIE TO ADIACAZH ALOIT HELDING, SINK AAVYL HD ALASUEED TO . TURR L3S ARD Ny .
. . ' RUNWAY AT HOMINAL ATRSTZFD, RTTALN REQUIRED AVPUOACH 'FLIGHT b. VFHIFLE LAUNCH SECHFNCE AND ACTDAL FLIGNT P03,
. N ' SIKK EATE AND ANQLF OF FATH, EVRNTE AS ROLIATHD TO PRE- GRAIND INATE . AR .
. ! ATTACK, : SINT AND FUTURE FLIGHT EJLOTS. SUTERIMIVSED \
. raTng., ALITANIBS RIC DINFIAY OF \ .
., < L3 ALIGS VFNICLE WITIE RUNWAY 1.3 PRRACEIVE GROUND TIAUK ALIGNMENT . ESUENTIAL FLIGHT AND PROs ,
. 4 AT NOMINAL RANGE AND ALTI. VITIS RUNHAY CFNTELLINE ESTEWSION, €. FLIGHT CONTROL MODE. CEOURAL PARAMETEIY,  RFADe & |
. | TUDF, OUTS OF PFREOPMANCE COM- .
' . . 4. EXTRAPOLATIONS OF VELO- - TARIZCH DATA FOR CHEW
T . L& CONTRAL YERICIT TO ATTAIN 1.8 BFNIE FLARE-OUT AL TUDE; CONTROL . CITY, ANGLE QF ATTAVE, PLUFURMANCE EVALUATION
BCHIRAL ATRIPEFD AND STRK ATTITUNE TO ACHIFAE BOMINAL AIR- ATTITULE, FLIGHT FATI ARD AND DIAGNOSIS, EXTRA )
: . ANTE AT TOU Hir 4R (FIARF); SIEFD AND SINK RATH AT FULARR-OUT GROUND TRACK AESULTING POLATIONS NP EFFECTS OP . R .
. .. FAIRTATN RUNWAY ALIGEMENT, ALTITUDE. FROM PINCRAMMED AND/QR CRLW ACTIONS OR VEHICLE | ' ,
- o -- - MANUAL CUNTRCL INFUTS. FLIGHT PATH AND GROUND ,
B 2.0 ADORT 2 CENTADL ANSLE OF ATTACK,"g" 12,1 PERCEIVE ATTITUDE AID ORGIND TRACK TRACK. ° ) BN
. " : {oLIDE IDAN AN ATTITURE TO PEDUCE T0 PEIMIT CONIANL OF FLIGHT PATR ®. DATA RFFIFCTING CYRTFM . . - “ .o
. . ! RETURN; ALRSTEED A%D ALTITUOR TO TO RUNWAY, PEREORMANCE, TERFORMANCE C ' i . A
1 30-86 wec}) NOMIRAL VALUS FOR RETHAN TO : ’ CRITLRIA AN'Y CERFORMANCE/ e I . -
$ LALDING SITF; MAINTAIN TOTAL CRITLRIA UJSCREPANCIES, ‘ L . . s
. . TEHILHATURE WITILIN HOMINAL : ) . ) . - o
. LIKITS. : CELECT: : . .
[ . ] . T . : : . N Ot
t m& ALIGH VEHICLE WITH RUN4AY  12.2 PRACEIVE ONOYND TRA 'K ALICNMERT 8. DATA DISFLAY MODES. . ! -
. R : . AT I MINAL RANGE AND WITI RUNYAY CENTFNL NE EXCFNSI0M, o Lo
. ALTITUDE, Y. CHEM PRACT,CE CONDITIONS. . . :
] .3 COETROU YFHICLE 1O ATTAIN 2.3 SFUSF FLARE-OUT ALT TUDF; CONTROL @+ MALFUNCTIONS AND DRGRADED ' . ot : .
! NCHINAL ATOSPERD ABD SINK. ATTITUDE TO ACUTEVE NCMINAL AR COKDITIUNS . . :
. RATE AT TOU(HIOWN; KAINTATN STEED AND SINK RATE AT FUARF-OUT 7 c
' RAUNWAY ALIGHMENT, ALTITUDE, 4. ORIENTATIL OF FLIGHT . . o ) .
== -~ S FATH ARD GROUND TRACK ' . ' . :
. 3.0 ABORT 3 v._. MONITOR AROHT PROGRAM. 3.3 MONITOR VENICLE ATITVDE OURING DISPLAYS FOR FERFORMANCE t :
! { 86300 sec) RETRO-THRUST; MOMITOIR ABORT DIAGKOSIS AKD GUIDANCE. .
. : i P PROGIUN, - . .
- EVALIATE AND DIAGNOSE:
P .. k - . P.2 ORIENT VEMICLE THNUST AXXS [3.2 CoNTROL VENIcLZ ATT(TUDE AHD GROURD &, ABILTIY 0¥ CAEW 70 TENZE . . . - — [ T -
1807 70 ORIGINAL PLIONT TRACK ALIGNKFXT PRIOR TO ARD DURING | - AND INTEQGRATE DEVIATION . ' .
PATH; CONTROL MAIN ENGINE RETRO-THRUST. FROM PROGRAMNED LAUNCH . R ) )
.. THRUST TO DECFLERATE 70 . BEQUENCE, Co . .
. EATAY VELOCITY. . ) L - T,
.. ‘ M i . .
' - . . ﬁ U
. . . . . - . . . A
o . .
P e awm— - el i - - .. .. eviee du .«
) . .
. . 4. . i
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Ded v o
ATTLTUDE, Afih TRRUST TO

CEATIRE, "g” JOADS
D OTHACK TG RETUNN
NG SITE.

3.h conrTrot MTITUDE, READING
AlD ANGLE, OF ATTACK TO -
MAINTAIN AJRGTEED, GROUND
TAALK AND DINY RATE HF-
QUIRED TO RETUNN TO LANDING

3.5 ALIGN VFHICLE WITH RUNVAY
AT NUHIOAL RANGE AND ALTI-
TUNE: MATHTALIN ANGLE OF
ATTACK , AIRIZPFED anD SINK
RATE WITHID NCMINAL LIMITS.

3.6 CORIROL VEHINLE To ATTAIR
ROMINAL ATRSOLID AND SINK
RATE AT TOU R B, MAIN~
TAIH RUNAAY ALIGMMINT,

A e i
TRACK MITH RESIRCT TG NAYIOATIONAL
LANDMARKS

3.4 SENSE AND CONTROL ATTITVOE, ALTI-

TUUE ABD GROURD TRACK IN RESPECT
TO LANDING SITE, -

3.5 PERCEIVE GROUND THACK ALIONKFRT

WITH RUIWAY CFNTERLINE EXTINSION,

3.6 SENSE FLARE-OUT ALTITUL'E; CONTROL

ATTITUDE TO ACHIEVE NCH:INAL AlR.
SFEED AfiD SIKK RATE AT FLARE-QUT
ALTITUDF.,

8.0 ABORT A
{OKCE-
AROUND
300-480 gec)

%.) MCNITOR ABORT PROGRAN.

4.2 ENPLAY £OAS TO CHECK COMPU-
TATIOHS FOR THAUST CONTROL,
INJFZ TICN RETARGLTING AND
TAUX DIGPOGAL.

B.3 EMDIOY COAS TO KONITOR
THRNST CONTROL, INJECTION
ARD TARK DESTOSAL,

.4 SEE 3.1

4.5 5ER 3.2

4.6 5£8 3.3 .

3.7 BEE 3.4

4.8 sz 3.5

QUIRED ACCURRCTES.
©. VALIDITY OV PROGRANED

AND MANUAL ARORT
BEQUENCES. -

-

8.1 KOMITOR VEHIGLY. ATT(TU:E AND QROUND

TRACK DURING FXKCUTIGN OF PRO=
GMAMMED ADGRT CEQUENCE.

4.2 STAR IDEMIIFICATION. AND SIGHTING.

4.3 STAR —:nz4u~un>a~on* SIGUIIRG AND

CORRELATION WITH E
FHOGHAN,

RY CONTROL

B4 sEE 3.1
8.5 SEE 3.2
4.6 S 3.3
4.7 5EB 3.4 .
08 sm2 3.8 .

Table ¢:,2.9~7
continued
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.} {ABOKT v bere -
: . amuuw._.n ) AN DENODDIT.
N h . see M
. ! ; P18%¢) 1o 2 surtor cons To ManITOR 5.2 BEE 2.4
. : THAUST CONTROL, DE-ORBIT AND
\ e ) RE- FRTRY.
‘ H 5.3 ONTENT VEHICLE 1807 T0 PLIGHYS.3 SEWSE AND CONTROL VEWICLE ATTITUDR
A ~ . PAYIL, AUPLY TRRUST TO RZ- AXD PLIGNT PATH,
D { DUCE VELOCITY FOR ENTRY,
]
O v 5.8 SER 3.2 5.4 ger 3.2
. ! 5.5 SER J.3 5.9 5FF V.)
) 5.6 SEF 3.0 5.6 SFF 3.4
i L_ 5.7 K% 3.5 5.7 5FF 3.5
. 6.0 MENDEIVOUS (G.1 DFTERKINE DIRECTION, ORIFN- |6.1 o::::zs >1:2§. ._23_? DFAR.
4 * , TATION AND DISTANCE ow AN IR0 AND ORDITAL PATH OF RFIUDEZYOUS
DEZVOUS TARGET. TARUET,
" ; 6.2 CONTHOL VENTCLE ATTITUDE ARD| 6.2 SEMSE RELATIVE ORBITLL ALIGXMINT
= : THRUST TO ATTAIN €O- PLANAR OF TARGET AND OVN WHILE.
t . .A . { ORNIT WITH RLNDEZVOU3 TAROET .
. i

b.3

CONTROL VEHICLE AYTITUDE AMD
TURUST TO ATTAIR NONINAL
CLOSURE RATE WITH RENDEZVOUS
TARQET,

6.3 SEXSE AND CONTAQL TANOST/VENICLE
CLOSURE RATES AND ORBI'TAL PATHS.

a [ z:.:?._.

&, Chid Vigv or :aaﬁcocu
TARGET,

TALOELT/VFRICLE CLOSUNE
RATKS,

v

By

o
.

RFIATIVE NRAITAL PATH OF
TARGET ARU SHUTTLE,

EXTRATCLATION OF TARGRT
VELOGCITY AND MOSITION RE-
SULTING FROM CURNENT -
Couphel INIUTS.

CREA PLOFORMAJCE DATA,

VEHECEHANT, COF JTENA wou
MANCE 7CRITVRIA COM-
NiEYALT TO THE
CONTRCL OF VINICLE ATTIS
TUDE AND THHOST IN ROLLING
TARGIT VEMICLE MUTIOR IR

HENIELVOUS,

SELECT:
&7 DATY DISTIAY MODES.

Y. ClEd POASTIOE FONDITIONS
[l _..:_: 1

WALFIMCTIONS AND DEGRADED
CONUITLUNS,

ORIFNTATIOR OF DISPLAYS
FOR EFFECTIVE PENFORMANRGE
DIAGNOSIS AND CREM
QUIDAACE.

]

10 &, OhAtHIC M

e e e - e
H

T AND ¢
REfATIONT
AL featay

ES?:n '
:.:.2 3 WMt/
RHLATONS

VERISLE $ VATIAL,

P OLTING PPN iy
ATTLONS, 0 R

TAlY OF CHIN PPRFUAS
MANCE RITH KOMINAL,

PERFORMANCE CRITEALA.

“
.
zrl,ﬁﬂownz.t:hcxb —
SCENE. _

Coi==on == rmremm wvraay,
F INtad, PLFODMANCE
COMPARIGON DATA, GKAFKIC
DISPIAY DATA ARD DISTIAY
GHIENTATION, SYSTEM MAL- i
FUHCTIONS AND CREZV PRACe
TICE CONOJTIONS.

o e - m———

-
1
N ™M
~ ~
N ™ .
N N
NN
N ™M .
-~ } -
<

Table 6.2 .9~7
continued

- e n O e >




o”
~
S
)
N
~
™
<

12/22/72

JOTIy N

———————

B Lo, v
RETATIVE MOTI
NCMENAL LIMTL

b. CRFW FUFL UTILL, "

TION,

¢. VALIMTY OF zw:-.ﬂﬂﬁ..:u.
.::..EQS s.

7.0 pocxing/
URDOCKIRG

T.1 CORTUNL, VEHTULE NIRUCT AND
ATTITUDE TO ATTAIN ROMINAL
TARSLT CINSHIRE; REDWCE TAR-
CET ‘VEdICIE RELATIVE KoTiON
T0 2680,

7.2 COnNTANL, ATTITUDE AND THRJST
TO TRANSIATE TAIIT TO PAY-
LAAD BANNLING WINDON FIELD
OF ¥iru,

STARLIZE TARGET AND VINICLE
WITH DGURIND ADAITERYG DN
PROXIMITY TO EACH OTHFR.

7.4 ORIFNT.DOCKING ADAPTFR3 FOR
LATCHING, USING VEHICLE ATTI
TUDE AND THRUST CONTROLS AXD
REAOTZ MANIPULATOR SYSTEN,
AS REQUIRED.

7.3

7.1 AEOOGNITION OF SKALL TARCET ATTITUDHZ.O

AND VELOCITY CHANGFS.

7.2 RECOGNITION OP SMALL TARCET ATTITUDH,
VELOCITY AND FLYGHT PATH CUANGES) .
CRITICALITY OF TARGET/VENICIE
PROXIMITY,

7.3 RECOGNITION OF DOCKING LAYCHES AND
LATGH ORIEMTATICN.

7.8, 1.5 Sx2 7.3

xaz::f

& MFTATIVE POSITIONS ARD
VEIOCITIFES OF TABGET AND
SHUTTLE, AR ORSERVED BY
cme,

b, FXTRATDIATIONS OP TARGFT.

VERICLY MOTIONS INDUCED

BY CURWENT ATTITUDE AND

THRYST IHFUTS.

€. CUMIARIZONS OF POTLING
AN HREGUE AR ITHIFOYMANCE,
WITIL N 'MINAL PEAPORMANCE
CRITLALA,

&, CRFW FUEL UTILIZATION.

®. INERTIAL NMOMFENT3 APPLIED
TO TAFGFT AND SHUTTLE DY
CRE# INIUTS.

SELFCT:
&7 DATA DISTIAY KODRS

be TARCST CHACACTERISTICN.:

0. MALFUNCTIONT AND ﬂ—.nx»nna
CONDITIONS.

d. ORIFATATION OF KONITORING
DISTLAY(S).

FEVATAATE. AND DTAGROSE )

& CONTROLOF TARUET/VENICLE

RELATIVE NOTION WITHIN
NONINAL LIMITS.

-

7.0 . GRAI'WIC DISPIAY OF TARAET,
VEUICEE AND POKING
RELATIONS,

ADAITER
kAT >: _>.::zu

n—b WRF _3.2:. :m.—dmnz TAR.
OFT AND VERICLE, AND OF
CRFY Uuwy, NRAGE, - DATA
z:,:.q_..:a COMPARLSSR OF

| LuM A [l

REFEAT OF CNF4 VISUAL SCRNE
3.:,:. CF Zibd TV MeNITIR
SCFHES AND QF QUTIUTS oF
oTHER ‘_< CAMILRAS IN 8nxn
ING ARFA,

CONTROLS FOR TME SELFRCTION
OF DISPLAYS AND DIGPLAY
DETEEMINATION OF
TARGED CHANACTLRLILTICS
AUD SYSTEM MALFUNCTIONS.
CONTROLS POR THE RE-~

— s — ——

. —————

wRlen, . J228 (D "
DISPLAYS OP ;:b»o\ann—h
RELATIORSUIPS.

¢ wlle

Table 6.2.9~7
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7.6 RELFASE DACKING LATCHER; ' 7.6 THRU 7.8 6F% 7.2 . b, MINTMIZATIAN (B TRAD- .
ATFLY THRYST TO SFPARATE VERTENT CLUTR" ¢S BETMTEM : '
VEHICLE FRUM TARGHT. TARAIT AND VINICLE, AND ) ! e L
M OF TARGET INFWTIAS OVER | ° . . oo
T.T APPLY THRUTT, CUNTROL ATTI- AND APGVE THOSE RFEQUIRED
TUDPE TO STATION-KIEP ON DY THE TASK, . N .
: TAIIET, . .
©. CAEW PUEL UTILIZATION, - :
7.8 MOSITOR TARGET PNSITION RE- f .
LATIVE TO NU'#T ORDITAL TASK. 4. VALIDITY OF 0OCKING AND . .
. * UNDOCKING TECHN]QUES, . !
8.0 PAYLOAD 8.1 TRAHSFER PAYLOAD FROM FRONT | 8.1 RECOGNITION OP SMALL TIRGFT VELO. [0.0 MONITON: 6.0 . CRAMIIC DISPLAY OF VIRICLE/
- OPERATIONS VINDOW VIEW Tn FIFID OP VIEW CITY RATES AND ATTITUDI! CHANGES, ‘a% DIZTtAY OF RELATIVE PAYIOAD RFIATIVE MOTICH AND Y
(CAPTVURE) OF FAYICAU HANDLING WIKDOW, MOTION DFTHREN POTITICN. RYFRECENTATION !
PAYL/AD AND VERICLE, OF MAN]FULATOR/VAYICAD COM- ' P
R.2 CONTRCL ATTITUDE AND THRUST | 8.2 RECOORITION OPF SMALL ‘TTAOFT VELD- TACT: AND CF ACCHLEPATIONS . .
TO STATICI LLP CN PAYLOAD, CITY RATES AND ATTITUDI: CMANGES, b, CRFEW DISPLAYS OF RF(A- TMEFAITTEDY BY THFE MAN]PU- . o
. AT NZMIDAL DISTANCE, TIVE PAYICAD/VENICLE WATCRS . INTREARATED AL~ . 2
HOTICN, PHAATPIRIC DISILAYS OF - .
. A.3 UNSTCW MATITUTATOR ARM{S); | 8.3 RECOGNITION AND CCNTPOI, OF ARN AND' . CRi¢ LNFNEY UTILIEATICN IN :
ASTYATE TV MSNTIOR SYRTEMS EFFECTOR TOSITION WiTH RESPECT 70 ©. MANUIULATOR/PAYLOAD . FAYIOAD CAVTURE, FINFORe |- ="
TRARSLATE LVFECTOR(S) TO PAYLCAD; CRITICALITY O INADVERTENT SFATIAL RECLATICNS; FXTRA MANCE COMPARTSON DISFIAY, N ,
. VICINITY ©F FAYLOAD RETEN- EXCESSIVE CONTACT WI1TH PAYLOAD. TOLATIONS OF MANIFULATOR . e
. TICH FITTIOG(S). PAYIOAD NEIATICRS RE- d. REFFAT OF CitFd DINECT AND
- SULTING FROM CHREM INTUTS TV VIIMG OF MARIFULATOR '
. 8.3 NCNITCR FROXIMITY OF RFFECT-] 8.8 RECOONTTION OF SMALL P/YLOAD VELO. AND FAYLOAD, DIGVIAY CF .o
ORZ AND AM{N) TO PAYLNAD; CITIFES AND ATTITUOE CilFNOFS, d, COMPANITONS OF CRFW PER- OUTI'UTS CF TV CAMERAS NOT .
APPLY ATTITHDE AUD/OR .2_::..“.4 . FCIMANCE WITH KOMINAL BEING USFD BY TIE CREW, :
‘ INTUTS TO CANCEL MOTIONRS OF HAK) ULATOR/TAYLOAD . ° :
FAYI/AD D' T ARK CONTACT ATCRLLEATICMS AMD KOTIANY. €. MANNTENLE EAB TWE SE1TOTINE
WITH TAYLCAD. - . OF DISEIAY MYITS, AND FOR
SFLFCT: THF. SRLFCTICN CP TV MONI- o :
8.5 TRAKZIATE OPFN EFFRECTOR(S) { 8.5 PEACEPTION OF RETENTIOM FITTING/ " o7 TATA DISPLAY MODES. TCR VIWWG,  CONTUCLS FUR ; .
TO SONTACT PAVLOAD RETENTION EFFECTOR SPATIAL KELATIONS, b. TV MCHITOR REFFATS THE INTHODUCTION OF PAYLOAD .
FITTING(S)} ENGAGF EFVEC- L0 i ° CUARACTERISTIC DATA AND POR | .
™o(5), ©. ORIFNTATION OF DATA THE INTRODUCTION OF SYSTEM , . . .
. : v ODISEIALG, _ . MALFUNCTIONS, " CONTROLS b « o= =« Ve L.
. 8.6 CONTROL MANLPULATOR ARM(S) | 8.6 RECOONITION OP PAYLOAD TRANSIATION- . . FOR REORIENTING TIIE QRA- . . :
. TO HOVE PAYLOAD INTO CANGO AL FATI AND ATTITUDE WITH RESPECT 4. MALFINCTIONS AND DEGRADEY PHIC DISPLATY POINT OF VIV, :
“BAY. 70 CARGO BAY. : OPERATING CORDETIGHS, . _ i
EVALUATE AND DIACE 4 . - . Lo
8.7 EXOAOE PAYLCAD RETENTION PIY-0.7 PERCEPTION OF RETINTION PITIING/ a7 ClFd UOTant, oF K : .
TINGS WITH PAYLOAD TRUNNIOR TRUNNION SPATIAL RFLATIONS. PATCH MOTICH AND JF
. oviDz3. ' . ATTETI ARD CTIHINGT, . . \ .
’ ' ’ : ’ b. ChFV MINIMIZATION OF UNDUX o ¢ Y

FAYLOAU, ACCELFRATIONS,

€. UNDUE PAYLOAD/SHUTTLR/
MARIFULATOR CONTACTS.

4. VALIDITY OP PAYLOAD
CAPTURE PROCEDURES.

B

Table 6.2.9-7
continued
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9.0 PATLOAD
OPERATIONS
(pepLOY)

et wravre e

9.1 UNSTOW MANIFULATOA ANMS,

9.2 TRANGIATE EFFECTORS TO PAY-
LOAD RETEUTINN FITTINGS.

9.3 FRSAGE FAYLOAD RETERTION
FITTINGS VITH EFFECTORS.

9.8 RELFASE PAYINAD FRNM CARGO
BAY BFTENTICH SYSTHM.

9.5 TRANZIATE MANTTULATOR ARKS
TO MNYE PAYLGAD FROM CARGO
BAY; MONITCR TAY!ZAD MOTION
TO AV0ID CrtifACT WITH CARCO
BAY VALLS ARD FITTINGS.

9.6 BOVE PAYLAD TO STATION

KEETING POSITION OUTSTUE

CAIGY PAY, AT A NOMINAL
SITION ¥ROM YEHICLE;

STAPILILE FAYLOAD/VENICLE
SITI NG,

9.7 DISENCAAE EFFECTORT FHOM
PAYLOAD RETENTION FITTINGS,

9.8 STOV MAMITUIATOR ARMS.

-

9.

9.5

9.6

9.7

9.8

TEALIAL Bowwee s vom

KaM1TONINY OF STOWED PIOITION OF
ARMS ARD OF GROSS ANM MOTION,

SEE B,7
SEE 8.7
NOT APPLICABLE,

PERCEPTION OF SMALL TA(LOAD ATTI-
TUOR AND VELOCITY CHAKFS; FERCEP-
TION oF FINE SPATIAL LILATIONS
AMQND PAYLOAD AKD CARG) BAY
CURTQUENTS.

PERCEIVING SMALL PAYLOAD VELOCITIES
IN RELATION 70 OMN Ve3l(CLE,

SENTING GMALL TRAHSLATIONS OF PAY-
LOAD JMPARTED BY NANIPULATOR
CONTACT.

SEE 8.9

8.0

axx 8.0

9.0 B33 o.v

P

10,0 PAYLOAD
OPERATIONS
( PERFORM
PATLOAD
EXPERINENTI )

oo arsa

10.1 URGTOW MANIPULATOR ARM3,

10.2 ENGAGE FAYIAD RETENTION
FITTINGS WITH MANIPULATOR
EFFECTOR(S).

10.3 RELFASZ PATLOAD RETENTION
PiTTIRO(S) FAOM CARGO BAY
RETENTION SYSTEM,

10.1 SEE 9.1

10.2 5T% 9.2, 9.3

10.3 §O0T APPLICABLR

10.1

HoNpTON:
AS GEEN DY CREM.

< @, HANTIULATOR, - .YLOAD VIEZW

b, EXFERIMFNT DISPLAYS AS

VIEVTD BY CREW,

€. PAYLOAD ORIENTATION AKD
- ORIFNTATION REQUIRED BY

EXPERIMENTS.

© Table 6.2.9~7. -

continued

10.0. &. ALI'EAT OF CRKV VISUAL
SChERle., TV MUN)ICRS,
REVEAT OF CREJ FXPERI- .
MenT DISILAYS. DIGPIAY
OF PAYISAD REMIPID ARD
ACTUAL ORIENTATICN, ot

.CCNTPOLS FOR SLLECTION OF . ...
* TV/VISUAL DISFIAYS.

CONTROLS FOR [RTRODUC-

TION OF TASK CUNDITIONS

AND SYSTEM WALFUNCTIONS,
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10.5

10.6

10.7

10.8

10.9

EERTPREN

1:: FXy

rorere aee wr

TICR OF §X

FMT1OY PAXTIULATUR ARKE TO
STANILALE UTVLE/PAYLOAD
ORIENTATION.

PArINY ATTITUNE, THRUST IN-
PULS TO OINIFHT PAYLOAD WITH]
RES1LCT TO GRANURD TRACK,
ONNITAL PLANE, CKD
SIMLEE, WTC,, AS R
FOR FXPERINTNTS,

FHTINY MANITUIATOR ARN AND
EFFFCTAR TO EXFECUTE FAYLOAR
CXPERININT PROCEDNES.

FUPLAY MANITULATOR ARMI TO
RESTIW PAYISAD PF

FITTINGS N CARGO PAY RETEN
Tien 1 ' LNSAGH
CARGO REFIHTICH S¥LTEN.

DITFNGAGE FIFECTNRS; RE-
ETed MANTPULATOR ARMD

1.0

FATIOAD

OFERATIONS

{SrACE
STATION
KODULE

1.1

11.2
11.3

ESTAPLISH STATINN REFPING
ICRIFICN WITH RFACE STATION
} ATTITULE ARD THRUST

cz TOW MANITULATOR ARM3.

FNGARE FAYINAD RETERTION
FITTINGS WITI KANIFULATOR
EHFECTORS

DISENSAGE PAYIOAD FROM
FPAYLOAD RETENTION SYSTFM,

TRANZLATE PAYINAD OUTSIDE
CARGO AAY; MONITOR PAYLOAD/
BAY JOSITIONS TO AVOID CON
TACT WITH CARGO BAY WALLS,
FITTIRGS.

. PAY TRUNNTONS

10.5 PERCEITION OF PAYLOAD AOTION IR
CARGCO PAY.

v

10.6 FERCEITION OF PAYIOAD ATPITIDE

WITH RESSTECT TO FLIONT FATH ARD
ATTITUDE OF SHUTTIF VEHICLE.

10.7 PERCEITING OF FIRE STATIAL RELA-
TIONS PETEFEN BFFECTORS AKD PAY-
LD CORICHYNTS; RELTION OF
SHMALL RATES OF EFFLTTOR KOTICK,

10.8 PERCEITION OF FINE SPATIAL RELA-
TIONS ANCNG EFFECTORS, ANM3G, CARNO
AND PAYLOAD RETFA-
TION FUTTINGS Y VRICEPTICN. 07 GMAL
CHANGES IR PAYIOAD ATILTUDE.

10,9 SEE 8.8

.m.—.. | by g4
MONTTORIRG DISE' -Y MODES

ORVENTATION OF m»n—.b»n
VENICLE VIEM,

DEOGRADED OTERATING
CONDITIONS,

EVALUATE_AND DIAGNOSE:
AT ATUTEVTHNT OF EXTERI-
MENT CRITERIA,

9. VALIDITY OF EXPERDNENT
FROCFDURFS.,

(.4
.

11.1 BFNGING SMALL PAYLOAD VELOCITIES
. AND ATTITUDE CHANOES.

11.2 5EE 8.3
11.3 SZE 8.%

11.4 ROT APPLICABLE

11.5 8EE 9.5

11,0 KOKITCR:

o EFATTAL RELATIONS AND
RETATIVE MCTIONS AMONQ
SPALE & SHUTTLE
ARD PAYLOAD,

CRIW vItM Or . WY JULATON
E¥FRECTOR POSITIONS.

®

-

MANTPULATOR FFFECTOR TV
CAMENA VIIW,

CRIM VIFWING MODE SFLEC-
TED.

EXTVAFOLATIONS OF MAKI.
PUIATOR, TAYINAD AND
SHUTTLE TOSITIONS AND
ATTITUDES RESULTING PROM
. CURRENT CREV INFUTS.

[

]

.o

11.0 a. GRATHIC DISFIAY OF £FATIAL
RELATIORS AFONG PATLOAD,
SHYTTLE, GFACE STATION

AKD RUCKLING POKT, DIS-
PLAY OF I'POJECTED (EXTRA-
POLATED) EFFECTS OF CREW
JAPUIS un Mostivie mive
VELOCITY OF PAYLOAD, DI8- ”
PIAY OF CONTACT3 AMONG
ZJ/FECTORS, PAYLOAD, CAROO
BAY AND SPACE ETATION.

. . Table 6.2.9
)  continued
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TO 16 LINITY ::.. CEACE SIA
TION; POIATE, NIAD TO
ALTON ::_34. Wit SPACE
EFATION FeRT,

11.7 m.—.>=:.—u_.. PAYINAD RELATIVE

SPACE STATION RELAGLYE 1Vaiiiwe
AND MOTION; TERCEPTICN OF SPACE

STATION DOCKING PORT CRIEXTATION,

11.7 SER 11.6

STATION; STAR - .
_._:. IS . SITION IR
REIATILN 1) U ONTATION
ARD PAYLOAD,
11.8 TRANZIATE FAYLOAD INTO SPACEL1.8 SFR 11.6° .
STATICN PURT; RTLFASE PAY-
LORD; RE-ST0d MANLPULATOR
ARMS.

TETPAYLERD (12 Y STAVITRIEIF Wl DabTAL T2 T FrHCEITION OF TRILE 30 F6RrSF |
HARDLING COMPMRERT TO IR ASCLKOLFD. ATTINDE AID VEINCITY CHANSESD.
(PATLOAD ﬁ
thsnv 12.2 TRAUSIATE PAYIOAD FA® CARGOL2.2 PEREFITION OF FINE SPATIAL RFLA-

DAY TO SIATIONKEEP WITH TIORS BETAFRY CRUGTING ARD KANIPU-
: ORMITAL PATLOAD. LATED COMICNENTS.
12.3 USE MANTTULATCR ARMS, TV 12.3 SFLFCTION AHD USE OF T/ CANERAS
um.q.rw:, . AND MONITORS FUR EXPLOUING MATING

ONE v i T APM FRCM
FAYEASD 1o LLEN MATING
S ACE c::::.z. IL.

2.8 J.::_

1 .,zw

CCNFCIILHT; MAINTAIN MATING
SUNFACE GRIENTATION UNTIL
SURFACES ARE EXGAGED.

2.6 DISENGAGE AND STOW MANIPU-
LATOR ARNS.

_n.t

12.%

12.6

SURFACE CHIENTATIONS (B IRCEFTION
OF STATIAL RELATIONS ©XTVEEN KAT-
ING SURFACES,

WOT APPLICAALE.

PERCEPTION OF FINR VELOJITIZS,
SPATIAL RELATIONS AN ATTITUDED OF
COMFONERTS BELNG ASSEXBLED,

Vet in e .

&. FAYLOAD/MARTFULATOR/

CAPGO u>< JUPACT STATION
ces
SFIErTy s
a. DISTIAY MOneg, s

b, PAYLCAD CHARACTERISTICS;
SIACS STATION CHARACTRR-
ISTICS,

TV CAMERA VIFM.

d. DISPLAT ORIENTATION,

e. NOMINAL PERFORMARCE
CRITENJA DIGIIAY,

NEGRADED OFERATING CON-
DITIcC

[ 4

EVALUATE AND DTAGNOSE:

&, CREW CONINOL OF PAYIOAD
ATTITVDF AND VEIQCITY.

b. CNF# UTILIZATION OF

RONTTOR SYSTEMS.

CAFW ADNILITY TO PERAFORM
TASK3 WITH MINIMUN 1RER-
TIAL MNOWENTS APPLIED TO
CUNIONLETS.

VALIDITY OF PAYLOAD
RANDLING PROCBDURES AND
TRCHNIQUES.

¢

HEisAT ot

CAMIHA

[\R4H 3 3 £
FHINTS, ¢

& ryvantn FAR CFIFoTInm
OF DISFIAY MIDER, 015-
PIAY OF TV CANMLHA 1NFVTS
AND CONTHOLG VOR TWF.

IDENTIFICATION OF RORMAL
AND DEGRADED OPLRATING

CORDITIONS,

'S . -
———— —— - ——

12,0 8kE 11.0

2.0 828 1.0

Table 6.2.9-7-

continued
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13.0 DE.-oraux

NTYE OF FLIGIN

13.2 PETCGNIE FLIGHT CONTROL
DINVIATICHNG FROM ANTTCIFATED
PARAMLTIRS.

13.3 BXENCISE MAKUAL CONTROL OVH

THAUST, ATTITUDE, ANGLE OF

ATTACY AND TOTAL TERPLRA-

TURE AS REQUIRED TO REDUCE
VELOCITY TO SUB-ORBITAL
CONDYTION.

[T YTV

FOR DE-ORDIT,
13.2 8t 13.1

13.3 PERCEPTION OF VEHICLE ACTITUDE
VITH RESPECT TO ORBITAL PATH AND
BORIZON,

T PO R .

———. o

 Table 6.2.9~%
continued’

2t

@« DATA DISFPLAY MNLES,

. e - ——

FATITTR PRI

B, VISHAL SCENE AS VIEVED
BY Chiw,

e. EXTRAPOLATIONS P FFYECT3
OF CREY INFUCS, f

¥

4. SYSTFM PERFORMANCE COMe
TARTGONS W1T)H NOMIRAL
PFRFUFNANCE CRITERLA,

SEIFCT:
@7 OINITAL CHARACTERISTICS

. DE-ORBIT PROGRAM
MALFUNCTIONS,

4. DISPIAY ORIENTATION,

DISPIAYS OF COMTFARISONS
OF CREW AND NOUMLINAL
PERFORMANCE .

.

EVALIATE AND DIAGTOSE:

a CRId PYLECTION OF SYsTem
TEST MODES AND BACKUP
PROCEDOURES.

. CRFY¥ CONTROL CF VEHICLE
ATTITUDF. AND THRUST.
1

|

.

FEVEAT OF CRECM VISUAL
SCrny.,

CONTRALSA POR DEFINING
ORAT FAL CHARACTENISTIAS,

CONTHOLS $OR RE-ORIFNTA=
TION OF GRAIMIC DISPLAY
AXD FOR SELECTION OP
PERFURNANCE DATA DISPLATS
AND FERFOUSNANCE COMPARL-
80N DISPLAYS.

25

?
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18,2 FXLRCISE NANUAL CONTROL OF
COKTROL SYSTEM MODE, AKGLE
OP ATTACK, "q“, "g", ATTI-
TUDE AND GROU®D TRACK FOR
OPTIMNIZINO TUTAL TEMPFERA-
TURL AND FLIGHT PATH FOR
ACHIEVING ENTRY PROGRAM
CRITERIA.

14.2

ATTITUBE WITH RELITNCT
PATH AND HORIZON.

“0 ORDLITAL

PERCEPTION OF VEMICLE ,1TITVDE;
CORRELATION OP VISUAL, #XD INSTRU-
MENT DATA FOR EFFECTIVE RE-EATRY.

 Vitw

: ne-ening
VISUAL 5CF

b. CRTW FIOFOIVANCE OF .—'n..j
AlD BACKUP 1i0u!, PROCE-
DURES.

FXTRAPOTATIONS

VEHICLY o_::;r _,>=>.
METING 1
CURHINT
ciroing

t
¢

.3;_. TEMfERATURFE,
“&', ATTITUDE AND VELO-

' GUIFR.
HIC AND

. “r e
ATTITULE, JNG, ANGLE-
CF ATTATK, “£° LAAD "g" .

AND TOPAL TEMEERATURE,
SPATIAL NFLATION: AMCRO
ORBITAL TATH, GECUNO .
TIACK, ALTIUTDE AND H
IANDING CITE.  EXTRA-
POLATICN: OF THE EFFECTS
OF CHIFW 1BTUTS.

REITAT OF CRE4d VISUAL

L

. cITY. ®. )
GCENE. !
d. VENICLE GROUND TRACK,
: 6, CONTHOLS T SFLECT OR- X
: SRLECTy DITAL, PARAMRTERS, SYSTEM |
' aT ORVIT AND VFHICIR MALFUNCTIONS AlD DISPLAY |
. CHARACTERISTICS NODES, CONTROLS TO |
, SELECT PERFOMANCE, PER-
b, ORIFNTATION OF ORBITAL FORMANCE CRITERIA AND
. DISFLAY, CCHFARISON DISPLAYS..
.o CONIROLS TO RE-OR1ENT !
€. DISPIAY MODE. a:mm_:o DISPLAY POINT OF |
Vi
¥ 4. ENTRY PROGRAM MAIFUNC. :
. TIONS.
.
. €. COMPARLZONG OF SYSTEN
i
b. CREN COKTROL OF RF.-FNTRY |
€. VALIDITY OF RE-ENTRY .
15.0 APPROACH 15.1 MEITOR ATRo VED, ATTITUDE 15.1, 15.2, 15.3 INRTEGRATED CORTROL 15.0 mh__.:.zw" § 15,0 &, GRATHTC DISPIAY OF EIATIAL
AND mnoi.gpi OP FLIGHT AND FLIGHT FATII PARA- . CREVIFTM OF TERRALN,
LANDING 3 METERS FAOM INSTAUMENT, PADIO
AXD/0n VISOAL INFORMAT {ON 1K TPR/ b. SPATIAL RELATIONS AvoNg ﬁr;ﬁ_._._
VPR ATPROACH AND TAKDLID, uNDTR AN EE T s
NURMAL AND EMIHOENCY GOKSITIUNS. FARPIG ATDEL VIR T CI
FLIGHT PERFORMANCE FARA-
< zx :.S.*,N»)z: A !“.ﬂwn.mk Mﬂrvﬂﬁ%udon»ﬂ—muw
a5y AND GRUUND 1OSI- ﬁ%\» AXD gﬂ”\.* KANAGE- mw__‘?._ Nx.‘. aﬂv“
16.2.1  ACHIEVE NOMiNAL ATRSPEED FRSHARCE CaTraiA on»
J.P_._h.zﬂ.?ﬂ._z_.. onibe b. RETFAT OF CREV VISUAL acn
& Ay XY
SIOPE AT 10,000 PRET y
“OVER OUTER 'MARKFR Of e, CONTIOLS TO SELFCT PEA-

FORRANCE DATA ARD
« ke anme .,

Table 6.2 .97

continued
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o WETIE T ALI . : M LURIHECL OF /0 E1unsn nng W le e sems e o erie me
AYER TERER MARKE . LANDIENG, VIEW, AND TO INTROWUCE.. |
ADING AND . DFGRADED CONDITIONS AR
CHNTFRLILR UXTENSION, . @. FXTRAPOILATIC .5 CF VFHICLE SYSTEN RALFUNCTIORS, L ..
. ATTUTURE, VIIOCITY, GROURD . Lo i
"15.2.3 MAIRTATN NCMINAL ATRGPRFTY o TrACK, FLIGHT FATH, SIRK _ Vi
ARD 21K PATE Tn M0 ALTIL . RATH., ETC,, RESULTING FROM : )
SMAY CTHTHR. : : : . CURKENT CREW THIUTS. . : _
CT FOR EHFECT .- ’ . oL '
OF Q:..z vinD, - @, COMPARISONS OF WCHINAL :, . . o ' :
i ¢ AMANCE PANAVETERS . . R - b
15.2.8 EXFOUTE FIARE AT 00 ALTI- . AL SYSTEM o . R
TO ALUTYVE HOMINAL IMANCE, : e
SFIFCT: Lo - v
APECTION FricR TO ) o 8. S{GTIN FFRFORMANCE DATA | . : ’ i .
CRCUND CONTACT, . DISHIAYS, . ' R ' e P
15.2.9 MATNTAIN RUNJAY ALIGN- . ) b. ORIFNTATIOR OF GRAPIIC [ o e v !
MERT DURING NCLLOWT; RE- . : ) DISVIAYS OF CRI'W AND [ Al
L GREUND SPEED BY . S SYUTEM FERFCIMANCE, . C . N o
USING URAG DEVICES AND ’ . L
BRAKES, r . €. COMPARTIONG OF SYSTFM : i
. PEREOEMAN _.. WITH NOWIRAL . f .
15.3 FXECUTE EMERGENCY PRO- o S PERFORMANCE CRUTFRIA, co .t . .. .
CLOVFES ASSOCIATED WITH : . . , .
. POVERED/UNTUMERED/1PR/VFR EVALUNTE AKD DIASHOCES . . ,
ATFRCACH ARD LAYDING, . 8T ATITITY OF "CKFW TH™DIAG- . L
of. FLIGHT SYSTEM MAL- . .
o PUNCTIONS. .
’ b. CMEV TFRFORI KCE OP 1
FLIG!T rsyeeh FIUNCTIN®E . A
IN AVPFROACH "D LANDING, : ! ' -
¢. VALIDITY OF APUROACH AnD| .
_—t . ) R S e R A|'||;==:.a _‘woﬂ_.;z...’nll { . . *
—a.o FERRY 16.1 TAXT ATHCRALT Fiew PARNING 16.1 COXTROL oOF :_::;J\_ UNJAY ALIGN- 16.0 a. GRAINIG _:.._.:: OF HICUIRRC - .
PLIGHT AND RAKPE TO RIMIJAYALIGH AIR- MFNT AND AIRCRAFT \KIOCITY. 16. o WONTTOR: AND ACTUAL PLIGIT FATI AND
ATRCRAPT CRAET WITH RUNIAY,EXECUTE a. THY.4 'PERFORMANCE OF ARUMERIC DS
TRANSITION TAKLOFF. ) NOKMAL AND ENENOENCY AT AHAMETY NG
TRAIEING WOSIHERIC FLIGHT PRO- OFEMANCE COMI'AR) RON
16.2 FRRFCRM FHFIAFNCY TIO- 16.2 PERCEZPTION OP OROUMD TRACK, . CEDURES, DATA, GHAVNIC EXTRAPOLA- \
ATTITUDE AND VELOCITY, : TICN OF SYSTIM T NCE
. AND ATR:: Y. PERPORMANCE/PERFORMANCE RESULTING FRLNM CRVW INIPUTS. .
MALFUNATIONS: LAFCUTR TAKE CRITERIA COMPARIGON . B : .
OFF AUURTS, AS HEQUIRED. DATA. . b. REPFAT OF CREW VISUAL SCFAEe o,
16.3 EXECUTE CLIMROUT; PERFORN | 16.3, 16.8 CONTROL OP VFHICLE ATTI. €. CONIRCLS T0 SELECT AND
SYSTFX MALFUNCTION PRO- TUDE AKD FLIGHT PATH ’ N - ORIENT QRATHIC DISTLAY,
CEDURES A3 REQUIRED. DURIKG UNUSUAL FLIGHT ° CONTROLS FOR INTRODUCIRO
. CONDITIONS . ' . ENVIRONKENTAL CORDITIONS,
h . . . : " MALFUNCTIORS AND DEQRADED R
NODES. ' .
——— e e m e . _— — . r—— e —— ' ”
: i
L ]
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APFROACH AND LAND-
"N 1FR/VFR DAY/N}OHT
CONDITIONS, PERFORN SYSTEM
MALFUNCTION AND DFGRADED
MODE PROCEDURES, AS REQUIRE

16,7 PERFORM TRANSITION
KANEUVERS,

16.5 NOT APPLICADLE '

16.6 CONTROL OP FLIGHT PATH, GROURD
TRACK AND ATTITUDE IN LOV ALTITUDE
GITUATION.

P .

16.7 CONTAOL OF ALTITUDE AND FLIONT
PATH 1X MARGIHAL FLIONT CONDITIONS
IN EXPLORINO FNVE'OE OP POYERED/
UNPOWERZD VENICLE 316 ATHOSIHERIC
PLIGHT. .

SELFCT:
a7 FERFORMANCY. DATA DISPLAYS

b. GRAPHIC DISFLAY QRIENTA-
TIoN.

¢, PFRFONMANCE COMPARISON
DISIIAYS.

EVALUATE AND DIACNOSE}

&, CNEW TRAFOTHANICE OGP PERAY
FLIGHT AND TRANSITION
PROCEDURES .

'.d»—hu:.no~ag
" PROCEDURES. .

. Table 6.2.9~F
continued
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S R

_Requirements. Two types of visual monitoring requirements were
identified, one a repeat of the crew's visual scene, the other, a

graphic and alphanumeric representation cf significant system performande

B R TP R - P . e . P e -

parameters.

hov m e o me e mummw = e 4 . e oe b s e - B L T Ir Oty P T . e e n

o ic_.. Visual Scene Repeater. The repeat of the crew's visual

“"scene is important in providing the instructor with a basis for estab-

B N

- 1ishing rapport with the crew's problems in abort, orbital operations,

) payload handling and ferry operations h It is also necessary to permit

- him to communicate w1th the crew on points of.emphasis in visual pro-

u cedures, which may escape the crew in their preoccupation with the

\

1

--tasks themselves.  The instructor should have enough information in i
' 1

» his display to be able to see tne same spatial relationships and

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

U SO S, C e e e 4 e ————

Graphic Displav. The instructor s job 1s to facilitate

UGPSR0 Y U U

s

learning through interpretation and guidance of crew performance. The

b -

graphic display will faCilitate these functions by providing both raw

~and processed crew and system performance data having speclal signi-

_ficance for‘training This display will have five basic capabilities

porob

- —! --Performance Criteria.  This display will provide a

o m e e e e ae a e e mm = o . — e s e . — - e ————— e e - ———

_graphic representation of the performance required of _the system in

“each relevant mission task and maneuver, and of ‘the-criteria established
for acceptable performance ground track, flight path, orbiter, altitude,

\
attitude and other similar parameters will be displayed in graphic form)

|

1

. | I, . - e ' - l
to minimize requirements for instructor interpretation of oiscrete dataj.

) . ' [
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o E".'Somemparameters;“such'as orbital yelocity, closure
rates and the proximity among effectors, cargo bay payload, space

_station}.etc;, nill be'displayed;in alpha?numeric zi;e., as discrete
data) form. Depending-on the crew task, it will be necessary to dis-
play»some parameters both'graphically and numerically,'to support

- monitoring of performance trends as well as diagnosis of specific

: sources‘of some trends. Current;displayisystems will permit alpha-i

: numeric and graphic data to be displayed at the same ‘time on the same’

B T A e R A I I AR
__.f_.,,,,.._; R . R ' bl PO
I :

C ew Performance. The instructor'can'monitor some .

+

1

]
' : 1
—1
i

s

i
‘ ‘

. display,~i
H §

L
|
T
.J.

— et -~
]

————— ..'- ——

;

- crew performance by observxng the visual system repeater, but precise .

information will require the graphic and alphanumeric capability

: Simultaneous display of ideal performance,-the acceptable per formance

envelope and current performance will permit the instructor to identify
i bbb
o P :
trends and prov1de guidance on a timely b&SlS - -»—~—f——?-4-i~~~-«~q
N il , . N N . ll .

¢
— PO |
- T 1

B Performance Comoarison In addition to»displaying

B T e S e P

. R .
~desired and actual performance at the same-time, summary data repeating

————a— = - b — - . e e i e e —_—

JOPRII e ————— . —— - ¢ m——

‘ the magnitude and direction of discrepancies w111 be displayed, to

"minimize the'degree of‘interpretation'required of the instructor in

— PO - - e e I S e S Y

identifying performance trends and in providing guidance.~_ '

. e i

'f'.f j”j“'”'f“““‘Display Orientation. The graphic display will be able

_to, be v1ewed from any angle, regardless of the orientation of the crew
~ to _the task situation under consideration.‘ This will permit the

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

- .- - - . - - P s - e . - c. - - -

; ; : . . 3 : .
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view not available to the crew. The view of a docking exercise, for
example, can be rotated so that it is’seen at right angles to the crew'yg
normal orientation;“This~mill.makevclosure rates and vehicle/target
‘alignment more obyious'tolthe instructor than would a simple repeat of
the crew'sjvisual'scene. ‘ln,addition, re-orientation of the graphic

display will provide'the instructor with greater perspective concerning

P s P v - - -

the qnality of crew performance and_of mission procedures as well. It

) w111 also be p0531b1e for crew members to observe the repeated display

T P R O e -
. to form a better understanding of the dynamics of many mission tasks. .

! H ]
o e '4~; X

: Performance Extrapolation. Almost all crew perfozmance
i

e T ) . S

3 1
: H

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 dob is also to predict system performance so that he can

- help the crew to make appropriate responses. Ordinarily, both crew

S P - -

"-and instructor predictions are based on experience with the system and

4 the Operating envxronment in fact,’crew learning is'largely a'matter

T T .
- of gaining experience w1th the system by generating, employing and

, evaluating responses to sp801flc combinations of m18310n and task re-

= -

—'qu1rements and operating c1rcumstances. T TR T R ST s

X . 2 N .
- - p——— e = _,;.__...;._. PRV S - 4 AP S S L VSU A
B 3 s

PP U ORHIG P SSRGS

It is important in the Shuttle system to minimize

trial and error learning where possible. In unpowered returns, and

during ferry flights when engines are available for go-around, crew inputs;]

have extreme, and under many circumstances, irreversible effects. The

graphic display will display required system performance, current

’

. i
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: performance and eatrapolations of corrent performance to shoe the
: instructor the eventual effects of specrfic crew actions. This will
be particular1y<important'in approach and 1anding, where deciSLOns made
at 50,000 ft. will determine the. capabilities available and the kinds
‘of decisions which must be made.at 10,006 ft. and on final approach;.”
_If Z4peed brakes are deployed too soon, for example, an extrapolation
—-of the resolting flight path to the touchdown point will help the instry

. tor to guide the crew in selectxng the correct p01nt for Speed brake

y

: deployment on the next approach <~w~~%~4~~«v‘“ A i

o

._;.AM_*‘gnﬁb Both displays of v1sual task data will be used le°.
narily by the fnght crew and payload handling crew instructors. Both
" should also be avallable to the crew- members themselves, for reference
during debriefing. They should also be available during pre-training
;briefings to facxlitate crew preparation for training practice, through
playback of prlor training sessions or of prepared idealized or repre-

I . O « 9 - L e I I -.._T_ © e —a
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Visual Graphic masters are required due to the normal breakage

12/22/72
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.

occurred during the operational phase of the simulator.

6.2.9.15Visual Graphics

DATE

—he—— s

B -

-

-

'
i

1

:
(RN S S |

ol
i

<

RSP PRI S —
. .
H

{

. em——

1
'
t

1
i
1

]
t
H
i
.
—_—
!

]
’

-

'
i
»

|

JE DS

B e e o
'

i | : ' : , P
: : - HE - 1 X
: Co . A B
, ! i : :
. - - ‘ .y _- W —p ~“ SR LTy l.‘" —— ...)a,..vvnlm.
A e R
. , . , ' - eeees - - [ S OO
i : H X _ ¢ ! [ ! . ] i
. . : i i w ! | ! ! | . ! \
- - . - . " - \lx..v(' ' . ~a . PR, —— e . - '.I -— el e be m-— . -
, ! ! i ' | i { | q !
! i ' ! : i i ) w _ ! w _ ! m _\ }
i K , H - ! - - . ;A V.W O Y v.bkl..l lv‘nl.wtl‘ll.
. . : : i ; i i . i
. ) . i i ' ¢ H , i : t '
D S SNV URUU SN SUREIN SURE SN SR ; D S| :
Loy | [ A _
' ' i ! _ i ! ! i ! | |
! ! : ! | : (- i ! i i
ool ! ! ! ! | : I .
- - e m _ . SIREEE x\m e s b
1 . . : . ' ) V
. ) f , \ L } i i . ! i | |
e S S S S S o SR T !
s S S S e R S B
i ) . Lo RS e
o A S P
| i , i . ! H
. 4 i ! t . ! . !
, - - P X - ..xu‘..xln.“ - .*{5 ey Y S 1 e e § e aneemd
i . ; H i b : { .“ : . i . , H
LRV S SN VS SUE VN DAL R S S N SO “ R
i t ! m m 4. H “ ! ! ~ i | ~
. : H [ i {
T . S e B e SRS B
} t ! i . + i | i | : 1
i . : ! " | | H .N “ i l ' i ! !
_ .- B SFPIS N R c_i e e w?-v» IR .
! : : i i : : :
| [ ! ! ! ' ! 3 . i : i
: . ' : ' i ! ' : |
.&. - e J, R EE aw'}..ﬂ.,. 5_.. s b r- |
b ' b i * ' b i X '
T B B o B e s SRl B IR AREEE Bl ,lm‘ - P
H i i i | ! i
SRR N | P Lo M _ i
I G Set S anand S Ty T TN T T o T T I B A S e T A
i : : ‘ ' i _ ._ t | ) i “ _
. N H ' ! ' t 1 | f . |
o T VU Sy WO NGO IR SN ARSI DUUUIIUS SUSS ISENS SRS RNIP DR DU SN RUT S —
1 . > H .w 3 N i h « +
A0 A S e et ot 1
i . i : H ' i ! i
S S S L G SRR INSONS NSO BN o [ UV SR VRS AU SOV SN
A A B T " ~ | )
oy e
' 1 ! { s i i ~ '
§ . 1 } !
) ' ' ! | | w m
w '.!..l . aln“.,n,!w(ni ”lil, l-.m.lcunili..x. - x..L“ e bl ;% PR RN SRSUNDY SRS RN SRS -iwf
A | A _ ! :
U Y05 N AU SOOI VAP SO SEPVRNE SN SR USRS USRS ST I SO SR
; i i i d 1T
{ N A | |
. { : : ! : !
- , !wl ".&, ek e U U AN SUENUVNUION PUUUSS SR SUURUICENR LU SIS SN U S ‘*4 -
| N i ' ' i H i , (
H ! ' s H
R - JUUS U DU R WO L U B O Ll
: ; : | f P : i ! ! : i
w ' | i | i [ ~ i i ] _
- —— e o - w Y S, P SO Rl 1 RSV SRSV FONPIING JURUI .
: ' ! i i I i i i ! [ ' ' : 1
M SR . SRR TR U TUUS NS T ML SO O S O
T I R A Pl N
RGNS O S S VS SO ST U SOOI SN NS SN SUNS UG NN SO U S B .
' | | ‘ ! i A i
! : ! ! : ! : i | | i i |
i : : i { ; H : ' ' ] i !
i e e e e e R S e b
S A b oo Lo H
RO S U UL Y VUSRS AU AU N UUCIE SUUNUR SIEN BUNDS SN SV S -
[ ol i : ! A
b T I N ooy |
; - ” - H - M.\l ——— . s jome b e e
' i i } 1 . i ! i ! I
cono v bbby . Py n P

|
|

J —— -

i
:

e ——— -

l

v ——— e

. .
.

+




- ———eEEEEEEEEE

DATE ‘ o THE SINGER COMPANY PAGE NO. €= -
12]22/72 SIMULATION PRODUCTS DIVISION 6-78.
REV. A, 3/23/73 ' T BINGHAMTON. NEW YORK 0 77 7 | REP. NO.

6.2.10 §Eutt1e Systems Simulation Software

P P

6.2.10.1 Electrical Power System

‘j The simulation of the eJectrica1 power system of the shuttle vehicle
s required to the level that all crew display and telemetered data responses are
' rea]istic for both value and time response to-commands‘and switching logic. The
| sfmu{ationArequirements,’as specified an Vo]ume‘I, are based on the recuirement
thac adequate in-depth crew training must be provided for study of normal operating

- life support systems and of mé]functioning system comnonents.

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

E 4

" chosen as the determ1n1ng factor for system d1sp1ay accuracy for items such as

— S PR SO RS- -

; vo1tage and current

..M.WQ—i-*,u.Accuracy of simulation is not on]y based on the equatlons and method

~used in so]v1ng the equat1ons, but also on supp]1ed data Data on electrical

~# power 1oads norma]]y has an accuracy of + 57 for 1arge ]oads and + 10% for sma]]

- loads (Experience factor from Skylab, CMS, and LMS). Battery.performance data has
- in the past not been available until post-f]ighf,'therefore all simulation

equations are based on theoretical batteries. Fuel cell data has not been avail-

~1f able because of the proprietary nature of the data. Supplied fuel cell thermo-

"dynamfc data normally has an accuracy of + 20%. Again, theoretical data must be

» useo A past s1mu1at1on technlque used in EPS has been to s1mu1ate minor 1oads

..{1 to 2 watts) as one accumulative load under control of the instructor. These

1oads remain as gross est1mates w1th accuracies of + 10%. A1l of the above

factors contr1bute to errors wh1ch become apparent normally en]y after a s1mulat1on

T, _"‘i' - . "“ YT ".' et 4'" - ) oy T "“f"" - "’—’r”
L T S S PR b e T
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f- il The display and control converters normally are 5 watt to LO

...-lation neglects individual simulation of electrical loads below 3.0 way
. and lumps these loads into one constant load. e e e
f—r=-—"---T0 account for transient loads by software where the load pulls

+ - -This would be expensive but can be done without software loading simu-

-
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~run of eight hours continuous. Over shorter periods, these errors are not
" monitorable or detectable by crew or telemetry. Ttems simulated which are in
this oategory of errors are battery watt-hour indicators and fuel cell temperature.

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

~“hour period was selected. =~ - e v e o s

D T R W,

o The s1mu1at1on meter and d1solay response is based on having non-detectahle

RIS S,

fmeter:mot1on after two seconds of computations. At f1ve iterations per second,

"this wi]] allow ten cycles of computations for the simulated system to “"settle" to

the + 1% error ) S1nce meter movements norma]]y have 2% hyster1s1s, the meter

-~ -

~~~~~ need]e shou]d rema1n motionless until an input parameter or load trans1ent occurs.,

“— watt units. To account for all the loads and provide realistic transie
- "loads would require approximately 20,000 additional instructions at
""five'per second or 100,000 instructions per second. In addition the

~ loads here are normally in the range of 5-50 milliwatts. The EPS simu-

“'down the lighting level would require extensive digitally controlled
"eleétronic devices. If it is felt that this is significant, the elec-
trical 1oads of the lighting or converter circuits. could be actually

h”;placed on a current limited device to simulate real world conditions.

. . N 1] .
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6.2.10.2 Mechanical Power System N
| The simulation of the mechanical power system of the shuttle vehicle
is required to the level that all crew display and telemetered data résponses
are realistic for both value and time response to commands and switchina logic.
_ The simulation requirements, as specified in Volume I, are based on the
requirement that adequate in—deptH crew training must be provided for study

of normal operating life support systems and of malfunctioning system components.

o —so- -S@NSOY 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 disp]ay'accuracy for

-~ -items such as speed, temperature, and pressure. . e S

T 7777 The simulation -meter and display respbnée is based on having'

non-detectable meter motion after two seconds of computations. At five

—e——. 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 needle should remain motionless

s . . v
- —-—-until an input parameter or load transient occurs. ____ . ___

' ~

‘6.2‘.10.2.1 Auxiliary Power Unit

%he accura?y of simu]ﬁfion of-thé.adxiliary power unit over lcng

- simulation runs is based on having good experimental performance data made
available. With test data made available the simulation of such items as
- fﬁe] quantity remaining'should be ab]e Fgﬂge hg]d to i?%.over an eight
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“hour simulation run. Without good data, the simulation fidelity will
probably be +10% - based on theoretical performance. The selection of the
+2% value was an arbitrary selection based on experience from CMS and LMS

simulators.

'6.2.10.2.2 Hydraulic Power Unit

. The accuracy of the simulation of the hydraulic system is based on
the fact that the system does not have consumables. For that reason, the
“hydraulic system accuracy was arbitrarily selected as +2%. A higher
accuracy than this is not warranted. Neither thé 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 transferﬁ_ The theoretical coefficients for the transfer equations

-

are normally +5% in accuracy. Temperatures of the hydraulic fluid are

most seriously affected by these errors. If test data is available, the

“température should be able to be controlled within +2%. This rationale

-

- is based on previous CMS, SLS and LMS simulations.
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6.2.10.3 Main Propulsion System T L : L

The simulation of the main propulsion 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 s1mu1at1on requ1rements, spec1f1ed in Volume I, are based on the requirement

that adequate in- depth crew tra1n1ng must be prov1ded for crew safety procedures

-for,both normal flight and malfunction abort situations. e e

An accuracy of + 1% of the most sens1t1ve sensor 51mu1ated was therefore chosen

—~+-as the determining factor for system display accuracy for items such as pump
z

e - < f o FSOUUUUUSEETAD O S U

o speed temperatures or pressures , S

e e —_ P I U U S ——

. The 51mu1at1on meter and d1sp]ay response rate requ1rement is based on

o hav1ng non- detectable meter mot1on within one second after a system chanae At ten

1terat1ons per second ten cyc]es of computation w111 a]]ow the s1mu1ated system

— P - - —— e e e [ RUIRIDS SV RS —

to Msettle" to the + 1% error. o o

~=—-—-i—~--Thrust computations and mass calcu]ations are essential]y based on the

al]owab]e error in thrust cutoff time. Previous simulations have had a max1mum

—— J— - PR R ey e . o —— v — C e -

! a1]owab1e d1fference of + 0 5 seconds as compared to the reference traJectory

a%—data. At cutoff, the body acceleration is approx1mate1y 97 ft/sec2. With-the

max1mum cutoff t1me error of 0 5 seconds, a ve1oc1ty error of 48 fps can be

accumu]ated Of the 48 fps, approx1mate1y 50% cou]d resu]t from aerodynam1c o

—r—model—simu]at1on errors. This allows a maximum propulsion error s1mu1at1on of

24 fps Up to stag1ng the average veh1c1e mass_is'approx1mate1y 100 000 s1ugs

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

approx1mate1y 30, OOO slugs. W1th a 1000 1b thrust error, the traJectory veloc1ty

~would be in error approx1mate1y + 15 fps at the end of a 440 second burn._ This

R T T T L — — -— ——— 4 mb e el e e

[" Sensor accuracy is norma]]y on]y + 1% maximum over the range of the sensor.

A 1000 ]b thrust error up to this po1nt of trajectory would on]y amount to 1 fps

Pttt il A et omet e e = s ; 'i - —; - = - ""—-—' ’T--' > - r~—~-'~- Rt e e e o
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velocity error would be within the allowable tolerance.

Refer to rationale for Weights and Balance and Equations of Motion.
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6.2.10.4 Reaction Control S)ystem. A

The simulation of the reaction control 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 requirement

Athat adequate 1n depth crew tra1n1ng must be prov1ded for crew safety procedures

for both normal flight and malfunction abort situations.’ e

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

'
-

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

as the determ1n1ng factor for system d1sp1ay accuracy for 1tems such as enq1ne

[

- thrust temperatures, or pressures ' “'“f“"“'““7‘“f’"f“‘f”“[‘”f”‘ o

The s1mu1at1on meter and d1sp1ay response rate requ1rement 1s based on

having non-detectable meter motion w1th1n one second after computation. At ten

-, “iterations per second, ten cycles of computation will allow the simulated system

T T T D

“to "settle" to the + 1% error. . Doy,

_Thrust computations and mass calculations are essentially based on the .
] ' : i , ; i . ) i . . . . . i : i

: ~'aHowable error in thrust at cutoff time. 1In manual‘attitude or’translationa]

contro] mode the human 1n the 1oop cannot d1st1ngu1sh between burn periods to
L an accuracy greater than 0 1 second Since the thrust of an RCS‘Jet_JS approxi-

-mate]y ]000 1bs ,the tota] specific impulse allowing a + 0.1 second deviation
._J ! §

as the resu]t of manua] control error wou]d be 1ess than 100 lb seconds In an

e pm—— = =

_automatic or computer controlled mode, the cutoff t1me is accurate to + 0.001

— ~seconds.” The maximum allowable simulation error then becomes 1 1b-sec under the

“auto controlled conditions. o : ' : T
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6.2.10.5 Orbital Maneuvering System

The stmu]ation of the orbital maneuvertng 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 requtrements, specified in Volume I, are based on the requirement

that adequate in-depth crew training must be provided for crew safety procedures

for both norma] fl\ght and ma1funct1on abort s1tuat1ons

Sensor accuracy is rorma]] only + 1% maximum over the range of the sensor.
_ Y Yy y g

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

as the determ1n1ng factor for system d1sp1ay accuracy for 1tems such as pump

'.speed, temperatures, or pressures.

.The_simulation meter and display response rate requirement is based on

hav1ng non- detectab]e meter mot1on within one second after computation. At ten

1terat1ons per second ten cyc1es of computat1on w111 a11ow the simulated system

-

----to "settle" to the + 1% error. ~~m~7~—e—--—e~»Q-~-~a»-a~~q- e

T Thrust computat1ons and mass ca]cu]at1ons are essent1a11y based on the

. e e T e e e e e e ——— —— 4 - -

i a]]owab]e error in thrust cutoff time. Equation of motion requ1rements have a
. maximum allowable d1fference of + 2.0 second as compared to reference trajectory

‘data Dur1ng deorb1t burns, a maximum burn time of 20 m1nutes is poss1b1e for

one eng1ne out in h19h orblt ThTS burn t1me requ1rement dictates a maximum

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

1mpu1se) and a mass accuracy of + 0.2%. AR ;

e eem e m——b - b m L e e e e o =
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6.2.10.6 Air Breathing Engfne System

" The simulation of the Air Breathing Engine System of the shuttle vehicle

7 is required to the level that all crew djsp]ay and te]emetered 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 trainingAmusthbe_provided:for crew safety procedures for
. both normal flight and malfunction abort‘situations. S |
-<- =~ Sensor accuracy is normally only 4 T% maximum over the range of the sensor.
An>accuracy of + 1% of the most sens1t1ve sensor s1mu1ated was therefore chosen as

 the determ1n1ng factor for system d1sp1ay accuracy for 1tems such as pump - speed

'temperatures, or pressures.- ' ‘5 ER 'T”uT ‘f"'7~‘f—-7“

The sxmu]atxon neter and d1sp1ay response rate requ1rement is based on
'.hav1ng non-detectable meter motion within one second after computation. At ten

" iterations per second ten cyc]es of computat1on should a]]ow the s1mu]ated system

time to "sett]e" to the + 1% stab111ty error, h

The system calculation accuracy requ1rements are essentially based on the

[P

assumpt1on that the data made available on the F401 PW-400 Pratt & Whltney englne

) and on the fue] supply system will not be known to an aCcuracy

. greater than + 4%, It is des1rab1e that the engine thrust and fuel welght have

“greater than this accuracy, therefore for these two items an accuracy requ1rement

- of i.Z% was ca]]ed'out. A]] s1mu1at1on accuracy for this system w111 be based

.. on data to be made available. ~ﬁ~~ﬁm»§—~f—-+-_T_.T_.%__%m-%-»é.—I~—+--v~r; ——
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6.2.10.7 Solid Rocket Motor e et aee D

The simulation of the Solid Rocket Motors of the shuttle vehicle is required
to the 1eve] that all crew d1sp1ay and telemetered data responses are realistic
for both value and time response to commands and switching logic. The simulation
- requirements, specified in Vo]ume I, are based on the requirement that adequate
."in-depth crew training must.be provided.for crew eafety nrocedures for both normal
flight and malfunction abort situatidns.. e e e
~77'Sensor accuracy is normally only 1:]% maximum over the ranae of the sensor.
An accqracy df + 1% of the most senstttve_sensor simulated was therefore chosen as

the determining factor for system disnlay accuracy for, items such as pump soeed,

- . e p ey eme & cme e e P v e mwr = s e e wm e

temperatures, or pressures.” T

The s1mu1at10n meter and d1sp]av resnonse rate requ1rement is based on

having non-detectable. meter motion within .one second after computat1on. At ten

i iterations per second, ten cycles of comnutation should allow the simulated system
i 'time td "sett]e“ to the + 1% stability error. T

...The system calculation accuracy requirements are essentially based on the
assumption that the data to be made available on the 501id rocket engines will not
be l'.n‘ov}n to4an.aﬁc.curacy.g-reater than + 2%, - It 1s requ1red that the
engine, thrust and fuel weight data for the engmes have greater than this

“accuracy; therefore, for these two items an accuracy requirement of +.0.05% was

fca11ed>out A11 s1mu1at1on accuracy for th]S system W111 be based on data to be

made available. .m.m,“-.q__4~_4.-“.;;.-_«,_-,--.a_. ...... ;~_T__*_-r--i-._--a —
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6.2.10.8 External Tank

The simulation of the External Tank Separatlon system of

e g

the shuttle vehicle is required to the level that all crew display

and telemetered data responses are reallstlc for both value and

,tlme response to commands and sw1tch1ng loglc. The sxmulatlon

“requirements, specified'in Volume I, ‘are based on the reguirement
“that adequate in-depth crew training must be provided for crew

safety procedures for both normal flight and malfunction abort _ M;*j
"f;;%fiii‘.‘:,;. |
/R
,g.

1
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¢

situations. —-—— g
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Effects of the sloshlng of the fuel mass lS an unknown factor )

Il

T U e e

" with respect to vehicle guldance and control dynamlcs ‘which lS de-~ _;_m

—m e e e Sl R g e em = s JRpR.

-‘tectable by the crew, Until addltlonal data ‘is made ava11able,~~~~—~-ﬂ

1t is assumed that the G&N nulls all_sloshlng‘so that the effects -

¢
i ———— PR T ——— ORI MU I g R

i "~": ! i i i i \ . E ! i 1 , : ' [

14are”not notlceable.u‘ i i ‘_wi_mumw,h,ullw,rw__vﬁler”;"JH,lﬂ

' i ; ; ! | : ;

i

i*”4Wﬂ“~t~ The range safety ordlnance equlpment is not requlred for

P

: .
—— '.._____'_ i — e -

51mulat10n 51nce it does not prov1de crew tralnlng. I T

% All other equlpment located in the external tank is 31mulated
{ f ,
'. i H . 3 :

w1th1n elther the Main Probuls1on System or the Solld Rocket Motor
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6.2.10.9 Guidance, Navigation and Control

6.

B 'h>used,.and be incorporated into the on-board computers. Thus, only the aero-

" ‘on-board computers. If additional portions.of the aerodynamic control system

. are removed from the on-board computers, this will require a specification

7 ‘simulation, and hydraulic flows for hydrau]ic simu1ation Insufficient data.
*_ﬂWf_as ava11ab1e}at th1s t1me to estab11sh the exact degree of s1mu1at1on requ1red
——..of the actuator servos in either nominal or hydrau]ic failure cases.- General
."standards for determing these are known, however, and are spec1f1ed It may be

'_that t1me constants are suff1c1ent1y sma]] and actuator torque capability

'"51mu1at1on of the actuation system is not requ1red for accurate surface or
,0contr01 system response Rea] wor]d hydrau11c pressure mon1tors may be used
. -to disengage failed channels, and should in that case be simulated. Effects

of ma]funct1ons upon response character1st1cs must be s1mu1ated if s1gn1f1cant

. but this is not now known. Air data readouts must be consistent with data
) used in simulated veh1c1e aero, except for any nom1na1 sensor d1spers1ons

i Un]ess proper precaut1ons are taken, severe trans1ents may occur in the s1mu1ated

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

'

2.10.9.1 Aerodynamic Flight Control e,

1t appears from most recent design data that a digital ASAS will be

surface actuators and the air data system remain to be simulated apart from

change. Aerosurface positions are required for aerodynamic control and dynamics

(nom1na1 and ma]runct1oned) VS. ant1c1pated hinge moments are such that dynam1c

R i

Slmulatlon of 1oad ~limiting bungees, etc s may be necessary for proper response,

rea1 -wor1d analog, they should not be present of course, 1f a gust h1ts an
a1rcraft immediately upon transferr1ng to Operate, tbat trans1ent shou]d be
simulated. Only transients arising from numerical probiems in the simula-

tion should be forbidden. o
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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,
response and control authority, position and rate 1imits must be properly

simulated. Response accuracy requirements are driven by both open and closed

~ loop requirement

- the proper fashion, but the full closed-loop dynamics-control loop must also
respond reasonab]y

~ specified. Design of MPS TVC system should not preclude simulation of bending/
--~--s1oshing modes, providing that '

" The highest frequency dynamic mode currently advert1sed is 3 25 HZ.

,‘up to about 1/4 the samp]1ng frequency can ordinarily be hand]ed reasonably well

— -:;using sampled data methods.

'achievable at 20/sec iteration rate, and will pfobab]y be adequate to represent

_ dynamic modes.

oscillations. More precise tolerances may be placed on TVC response when design

‘data becomes ava

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

~ “specification should be altered accordingly.
-~ - scan;.tracking, and other star tracker modes must be correct for proper simula-

tion The same is true for horizon sensor field-of-view.

_ hor1zon sensor errors should be comparable to real-world errors for proper
- operation of the on-board computer navigational filters.
" be made for instructor control of dispersions.

prior simulators.

s. Not only must the simulated gimbals respond to commands in

For proper simulated

The two requirements are not synonymous, so both must be

jteration rate penalties are not excessive.

Thus, simulation fidelity up to 4 HZ should be

A 4 HZ limit should aiso cover most readily perceptible

ilable.

P

Simulation of all sensors (star tracker, horizon sensor,

elévation angles with respect to-body-fixed boresight.

- - .- a - - e~ .

rate gyros, body accelerometers) is required for realistic confrol loop simula-

If this is changed, the

Field-of-view for wide scan, fine

Provision should also
This has been-a useful tool in

Quantization errors, being essentia11yddetermined by the

b

Frequencies

Star tracker and
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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 noticeable)

--and detectable visual magnitude threshold is needed for accurate response

characteristics. The 51mu1ated horizon sensor's sun detection capability and

H-response must compare to that of the real world device to prevent seriously
--- erroneous response on that occasion. Rate sensors and accelerometers must be
“"f'51mu1ated for control ioop feedback Accuracy 1im1ts are looser here, since
_y;mmi these dev1ces shou]d not affect on- board navigation. Error large enough to be
- ﬂ~—L—noticeab]e will probabiy require ma]function rather than dispersion, so instructor

"7 control of disper51ons is not spec1fied Quantization error Wii] probab]y be

g
i

in51gn1ficant for these dev1ces, but might not be. The av1on1cs bay may be 50

- -~feet from..vehicle.c.m.., .S0%. transverse and -certrifugal forces on acce]erometers

~ displaced from the vehicle c.m. cou]d be Significant Exact acce]erometer

~ j p051t10nS are not knonn, but the avionics bay appears to be a 1ike1y ]ocation

-—f-7~Prec1se estimates of transverse/certrifugal force significance also await firm
. i
“definition of the approoriate control 1oops Significance of those effects

O S e T e PP [ e e —— - e o =

- was marginal on the saturn 18, but the shutt]e is a much less symmetricai vehicle,
- v~-and may well have more serious aerodynamic effects as well as a less responsive

contr01 system, resulting in higher angular rates and acceierations This vould

“_ﬂ;_increase the magnitude of these disturbing forces. _ NAR data._on the proposa]

-~ —- configuration indicates rates of 10 933 and, angular accelerations of 5 gg%z

T are pOSSible under certain w1nd conditions, which greatly exceed Saturn values

» prev1ous]y simulated. If body bending simulation is required the requirement

. that rate sensors ref]ect rates at their phySical p051tion rather than rates at

" the c.m. should be added T

EREE e . . m— - D . e - -
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06.2.10.9.3 Inertial Measurement Unit

The on-board IMU's must be simulated in order to provide the on-
. board computers (and on-board displays) with vehicle attitude and current
accumulated velocity from body accelerations (i.e., non-gravitational 5cce1era-
"~ tions - thrusting, aero effects, etc.). As IMU realignment is one of the more
“; i;important.on-board'navigationa] tasks, it shou]d be simulated, requiring the
... simulated IMU's to possess the same realignment capability as the actual devices.

" The same operating modes and self-test are required for realistic crew interface.

"Correct Electrical Power System simulation énd training requires the IMU inter-

. face be simulated properly. IMU's ordinarily require a warm-up period following
= -pestoration of power before becoming operational. - Temperature variations
}‘ jl iékdiharily influence IMU aecuraéy significantly, and should be simu]ated. As
i.j u‘.a'fesu]t, special temperature control.systems are usually present. If this is
the case for shuttle, both temperaturé effects and temperature control (which
jshqu]d'intérface significant]y With Electrical Power and Environmental Control
.;‘,f systems) should be simulated. The shuttle IMU will be all-attitude, so no
~ gimbal lock condition exists. Since real-world IMU's reflect vehicle dynamics

e e e pm——

) (plus“d%spérsions), the simu]ated devices shbu]d reflect simu]ated dynamics
. i.(ngmély, the equations of motion), plus dispersions. To avoid unrealistic
" .navigational errors, the simulated IMU's, in nominal operation should follow the

_ :eduations of motion with no more tﬁan reé]-@drld magnitudes of dispérsfon. For
.. —~ - proper simulation of on-board néVigationa] activities, however, the IMU's should
" "not be perfect; i.e., they should reflect dispersions in attitude (and sensed
’ linear acceleration) similar to those of the actuél devicé; aﬁd require periodic
. rea]iéhment. Instruétor capability to vary dispgrsioq? (drifé, bias, etc.) has

proven useful in the past for’%raining in off-nominal conditions. Quantization

error will quite possibly be significant, especially in aé%e]erometer readouts.
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In the malfunction list, a 4-gimballed IMU is sometimes assumed. No final
decision has currently been made between agimballed and strapdown IMU's for the
shuttle, but qimballed devices are baselined. The malfunction list should he
revised and possibly the specification made more specific if a strapdown device
is selected. If "local horizontal hold" type attitude extraoolation is used
or selected for "step ahead" mode, the IMU's must reflect resulting changes in
inertial attitude upon returning to normal operation following the step ahead.
--.. Otherwise, the simulation is not returned to normal operation in a fully
““operable condition. ToTm oo T
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6.2.10.10 Communication and Tracking - ‘
6.2.10.10.1 Navigation and Landing Aids .
Y, The simulated NAVAIDS correspond to the equivalent on-board and

ground based equipment to be used for the shuttle with the exception of GCA

Radar and the Microwave Landing System. No requiremént has been stated for

GCA radar, however, ground landing stations are generally so equipped and

has been proposed for the orbiter, however, the methods have not been detailed.

simulation should be included for the instruction displays. An auto land system

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  $-Band Systen
Simulation of the S-Band voice and data communication link is
required to provide I0S crew communication and crew displays and telemetered
data responses that are realistic for both value and time response to commands
and switching logic. The requirements descrfbe a siﬁu]ation system that will
*  provide adequate in depth crew training for crew safety procedures during both
:ndrmal and malfunction flight situations.

o -Simulation of the carrier and sub-carrier frequencies is not required
""Tbecause the crew does not change frequencies on the S-Band transmitters and re-

g

~ceivers dur1ng flight.

i~-;——4 ~------ -— The telemetry data is transm1tted contlnuous during integrated

' modes of training to provide total data to the GSSC system. The loss of ~signal

| boo]ean completes the s1mu1at1on where required for other s1mu1ators

- -~ A dedicated S-Band voice loop is requ1red for total vehicle simula-
"~ tion. A direct line provide a means of communication for checkout of simulator

_operations during training when the simulationh is not in contact with a ground

. Station‘ . » - - L-.—-T-—-—»—- S S a-f—- S SNSRI SO WS e e—

e (g S

6.2.10.10.12 VHF sttem . L

_— - . - . IR [P R P - e e

Simulat1on ‘of the VHF voice commun1cat1ons link- is requ1red to

'“brovide 10S crew communication and crew display responses that are realistic

) for both va]ue and time response to commands and sw1tch1ng logic The require-

. _.ments describe a simulation system that will provide adequate in depth crew

“training for crew safety procedures during both normal and malfunction fiight

<
A R i

s1tuat1ons

Simulation of the carrier frequencies 1s‘requ1red because the

crew does change frequencies on the VHF transm1tters and receivers during

flight. _
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During non-integrated and possibly some integrated modes of

- p——

training the I0S must provide the voice responses the crew would expect from

a ground station.

6 2.10.10.1.3 Audio Communication Center

" The Audio Communication Center must be s1mu1ated to provide the

input/output 1ogic to the communication systems of interim UHF, VHF, S-Band,
and to the navigation system audio devices. A1l logic of the system must be
“provided for crew training with overall communication responses that are realistic
for both value and response rate. &+ ' ¢
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.2.10.11 Instrumentation System

. The simulation of the Instrumentation System of the shuttle vehicle
" is required to the level that all crew disp]ay and telemetered data responses
_ are rea]istic for both value and ttme'responselto commands and switching logic.
,_T_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 norma] f11ght and ma]funct1on 51tuat1ons

DR S - .. -

o .. The simulation display response rate requirement is based on havang
' non—detectab]e response de]ays following switching or command inputs. Two

. iterations per second 1s as slow asarae]ectr1ca. system can be run w1thout

.-Tmhavwng this_noticeable delay. .._-“,»4-_~_;m.;..;”-L“_ﬂug e
’ SRR

e ~ “Al11 recorder: functions -are-assumed to be furnished by GSSC. éwitch

o pos1t1on and/or re]ay status are to be transferred to GSSC for contro] of

recorders L ”-A___s;“";-_.“_e-"“__s__s,_cm_;__;w_:,_;NM;__;_ch" -~

'“T‘”f"j“”'Each simulated system is to include signal cond1t1on1ng boo]eans prior

to d1sp1ay or transfer to telemetry where app11cab1e -

'
4

[ SO, [P — e e e e e e ———-

.

Under the present simulation concept all GSE PCM data- used for pretl1ght

- checkout are to be handled as an I0S funct1on. If the GSE prov1des computation
? of parameters for comp11ance to to]erance 11m1ts dur1ng pref11ght checkout

. .t may be required to establish a special software routine for the instructor

'“f“disp1ay parameters. Malfunctions in the GSE PCM Link are required only where

e e e e e

crew tra1n1ng shall result. ) : e g

.. A1l sensor power prov1ded by the Caut1on and Harn1ng System has the

e

- -same characteristics as instrumentation signal conditioning. Interface defini-
‘ A

" tion of whether 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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6.2.10.12 Environmental bontro]/Life Support System

-.norma] fl1ght and ma]funct1on s1tuat10ns

flow rate, temperatures, Or pressures.  --- - - ocoee- o oo o

having non-detectable meter motion within one -second after computatio

“or ground T/M can display the system. During re-entry it is felt the interfaces

maintained at a comfortable level. by air conditioning. -

- The simulation of the ECS 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. fhe 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

- Sensor accuracy is normally on]y + 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
" The simulation meter and diéplay response rate requirement is based on

At five iterations per second, ten cycles of computation will allow
the simulated system to "settle" to the + 1% error.
- The minimum response rate of this system is based on having accurate

simulation of gas/liquid fiows immediately following a transient or valve opening.

Five iterations per second will also prov1de thlS response rate requlred

_° S1mu1at1on of parameters is requ1red on]y to the extent that crew display

P

between ECS and TCS and TPS will requ1re response to rapidly changing heat rates.
.It is not felt that an act1ve cab1n wa]l temperature cue is required for training.

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

environment, it is nat necessary to condition the crew station atmosphere or

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

-’

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

-5
.
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.The long term simulation error fs given aéli_lo% because of the many

assumptions and simpiifications of heat transfer and balance equations. The
data provided of the shuttle heat transfer coefficients will probably have 5%
error. Lack of data will require assumptions to be made where data is necessary.

- Efficiencies of heat exchangers, pumps, and heaters will be at best within 5%
of the final QeSign. Test results will also be available eithér after design of
the simulation or not be made available until the maintenance phase of simulator
operation. These many unknowns are typical of previous space vehicles, aﬁd, it is

felt, will be typical for the shuttle.
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o

©6.2.10.13 Payload Accommodation System. l
No requirement is specified for‘pay]oad_recordef simuiation. Specialized

payload recorders may not be present on all missions. If present, thére is no
apparent provision for on-board reduction of payload recorder data. Recorder
data can be decoded later on the ground, or perﬁa?é fecqfdiﬁés'may be mounted
and transmitted to ground via the orbiter communication system. Thus, there is
no crew training value in recorder simu]afion. During integrated runs, in the
apparently unlikely event that paylcad 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. L | '

]
- f
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6.2.10.13.1 Interfaces
| The simulation of the interface between the payload and the shuttle
vehicle is réquired to the Tlevel that all orbiter crew display and telemetered
data responses are realistic for both value and time response to commands and
switching logic. The simu]ation'requirements, specified'iﬁ Vélume 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 .
Payload attqchmenf/re]ease is a significant event in the retrieval/
'dep1oyment process,-and should be simulated. Attachment fittings should havé
similar contact rate constraints to the real world system to avoid negative training.
Upon release, EOM for the payload must be initialized dynamically, as initial
value is determined by orbiter translational/rotaticnal state and attach position.
Since payload mqsé may be up to 2/5 orbiter mass, reactibnsiof;all forces exerted uoon
the payload should be simulated. The trunnion guides'may have significant effect on

relative state, which should be simulated by maintaining both vehicle states

correctly.

6.2.]1).13.3 Payload Deployment and Retrieval Mechanism
As the 6rimary device used by the crew for pay]oad deployment and

retrieval, the manipulator arm must be simulated. Angular position and velocity
of joints shou]d be maintained to incorporate joint positian/velocityAJimits, for
diép]ay purposes, and for checkout and discrepancy tracing'purpoées. In order to
simu]éte properly control characteristics and decal bands, dynamics accuracy must
be well within contrel accuracy. A tolerance of 1/3 control accuracy should assure
minimum distortion of deadbands and responses. The tachometers and potentiometers
will apparently be used in the real world system in the control loop, for crew
displays, and as sensors. Accurate control responsé’requ}res motor and servo 100p
simulation. To train positively in manipulator operation, control response must |
be accurate to within operator perception, with any payload within design tolerance.
EPS failures or overloads should effect the simulated manipulator in the expected
way, and the manipulator drive EPS realistically in order to properly simulate EPS.
It is not clear what physical or eléectrical 1imits will be incurporated into the

real-world manipulator system at this time, but all sources appear to agree that
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. one or more of these joint limits will be present: position Timits, torque limit ,‘
velocity iimits, and/or runaway actuator limits. Details of manipu]ator design 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 inconsistent with any specific data on known designs.
However, certain designs are not well documented, and if adopted may not require all
the specifications for their simulation. Redundant torque motors must be simulated,
if present, for proper malfunction recovery. Braking and checkout systems will
presumably be present on any design. Some désiqns use the checkout system as a
backup direct arm control mode, which must be simulated if present. The terminé]

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

. this point, it appears that the best procedure is to require the simulation of a
grasping type device, and require modularity for ease of modification. Revision
may be advisable as manipulator desian becomes better defined. The contact and
berthing indicators are specified in some designs,. and must be simu]ated.if npresent.
wriét TV orientation must be provided to the visual system.

6.2.10.13.4 Payload Doors

The position of the payload doors effects the feasibility and execution
of payload deployment/retrieval and the operation of the space radiators. The
proposed door design is seagmentally operab]e, requiriﬁq the simulated doors to be
so operable. Door latching must be simulated analogously to real world operation

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

-
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_achieve reasonable door dynamics. Mass properties, motion rates, etc., of the

payload dooré/space radiators are not now known. It is difficult to tell what
noticeable effects-reaction torques, etc., will have upon vehicle dynamics during
door motion. Some crhde simulation is probably required, and a aeneral specifi-
cation for same is 1nciuded. To require that angular momentum be conserved
(assuming no RCS firings, etc.) in the dynamic system may be unnecessarily stringent
for training purposes, for it is not clear that such accuracy is required to provide
The doors will be used, in the proposed design, to deploy the space

},-
radiators, requiring the structural interface be simulated.

training cues.
The manipulator will
be latched to‘the.doors, during boost and entry requiring that structural interface

be simulated to train in manipulator deployment/stowaqe.

6.2.10.13.5 Rendezvous and Pocking Sensor

The phase C/D RFP specifies thig piece of equipment.
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6;2.16.13.6 Aft Crew Stations

6.2.

6.2.

—

Since the interface between t;é payload accommodation system and the
crew contro]s/disp]ays has an obviously significant effect on crew activity and
payload accommodation system operation, it must be simulated. For realistic
training simulation, eaéh crew control and display should be operable and should
exhibit reasonable response characteristics. Crew training also requires mal-
function capapi]ity. |

10.13.7 Payload Bay Lighting b

Lighting of the payload bay will have significant effect upon.érew
capability to perform payload manipulation, visual monitoring, and other signifiQ
cant payload bay related activity. For realistic training, the lighting 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 chanéed along with said beam. This will
significantly affect illumination around the ménipu]etor terminal device, and must
be simulated. Other floodlights may not be fixed in orientation. If so, for
proper training, the simulated 1ights must be moveable. It may be possible to re-
orient other floodlights, and perhaps even optionally automatically track the
terminal device with certain floodlights. If this capébi]ity is provided, it
should be simulated for realistic training.

10.13.8 Payloads

Because of the substantial changes in the nature and characteristics
of payloads between shuttle missions, payload simulation is one of the most diffi-
cult and dangerous areas to specify. Creation of a full fledged highly accurate
simulation for each payload would probably be astroﬁomica]]y expensive. It would

also probably be unnecessary. Training requirements are not crystal clear at
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this point, but it would appear that foromost pay]ogds, there would be limited”
training value in a ful]-up simulation of, for example, the payload electrical
power system. For é féw payloads, like perhaps the space tug, there might'be
training value to justify at least a moderately detailed electrical power sfmula-
tion. Much the same thfng can be said about many other payload on-board systems.
Writing a new on-bcard‘system simulation for each payload, and maintaining same
for recurrent_pay1oads, would probably absorb exorbitant engineering,Aprogramming,
and checkout time. However, since certain payload on-board systems interface with
orbiter systems when attached, and with payload dynamics when nat attacheé, and
since certain permanent display panels, (e.g.,.caution and warn{ng) may be devotéd
to payloads, tra1n1ng value of payload simulation will probab]y not ‘be insignifi-
cant. If g genera11zed simulation of all or certain on- board systems could be
written which could drive certain displays, dynamics, and/or orbiter systems
rea?istica]ly, and such that payload reconfiguration would involve only altering
Va}ues of reset terms, it would be desirable. Cost would not fhen be inordinate,
and additional training capability would be gained. It is difficq]t to evaluate
the extent to which would be worthwhile at this point. Characteristics of many

of the individual payloads are unknown, orbiter systems are often not altogether
well defined, and payload-related displays are i11-defined. Apparently, however,
certain payload-related displays will be on perma%ent banels, which increases the
likely applicability of generalized simulation. Generalized simulation would have
to concentrate on driving these panels. If particular-payload-unique display
panels were to be driven, that would almost certainly require a special modifica-
tion. As a result, we have specified that computer core and time must be avail-
able to add generalized or specif}c payload system simulations with modifications

at a later date. We have made certain exceptions, however. For certainsystems
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involving payload dynamics, the feasibility qf generalized simulation is more
easily evaluated. Thé requirements here are more‘evident, as the physical laws

of the universe aré not payload configuration dependent, and requirements of

crew interaction with target‘vehfc1e dynamics is fairly predictable. For a pay-
Toad possessing attitude control jets, a tolerable simulation can be obtained
simply by simulating approximately the deadband phase plane, and expected rate
resulting from jet firings. All this should require for update is a few reset
parameters describing the phase plane and rates. _S%ﬁi]ar]y, translational.
propulsion can be simulated reasonably accurately, if éteady 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 require a burn targetting guidance system is the tug. However, it is
probably a reasonable assumption that any other vehicle gou1d use an analogous
rendezvous guidance strategy, as the coelliptic strategy has become well established
for spaceflight rendezvous. Agaip, certain parameters (e.g., coelliptic delta-h's)
‘can be altered by reset. Thus, it appears safe to require thesé systems to be
simulated in a generalized fashion. Such simulation 1s 1mportént for training

in rendezvous procedure, and such simplified simulation should be adequate for

such purposes. Moreover, it is highly desirable Eo requiré such simulation as a
ﬁortion of the initially delivered simulator, since its presence will enable much
more detailed and comb]ete_checkout of EPM, orbitgr G&N; etc. Other systems,
however, are of less obvious training value, 1es§ E]ear feasibility as to mode
(gawraﬁzedvs.spmﬁfichand are of much less importance in verifying the
complete simulator. It should be possible to add them later, if desired; without

substantial impact on existing systems.
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6.2.10.14 Miscellaneous Systems

6.2.10.14.1 Purge and Vent System

_ Simulation 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 boarding the shuttle

vehicle.  The degree of simulation required is based on the
measurements provided for crew display and Thermal Control

staﬁe and boolean logic.

6.2. 10 14.2 Land1ng/Brak1rg System

e e ———— PRGN U,
JS— - - PORpUR

slmﬁlatlon of the Landing Gear and Braklng System is

required to provide crew training for both normal and malfunctioned
syétemsm Simulation fidelity is required only to the depth that the
crew or T/M displays react or the crew can sense either 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 operation.

6.2.10.14.3 Speed Brake System

Simulation of the Speed Brake System is required to
provide crew training for both normal and malfunctioned systems.
An iteration rate of twice per second is based on providing a

realistic response rate for hydraulic servo response.

6.2.10.14.4 Ejection Seat Mechanism

Simulation of the logic and preliminary motion of the ejection seat

:provides the crew with training on escape techniques. It is felt that actual

ejection training is not required by this simulation and will be provided by a
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A~;nx;grénliteration rate of twice per second is based on providing
realistic response for crew display and telemetry.
6.2.10.14.5 Thermal Protection System
Simulation of the Therma1.Protection System is required for realistic
crew display during liftoff and re-entry and for telemetry for those periods of
flight t}'lat' afe not blacked out for RF transmission. An itera-
tion rate of twice per second is felt to be adequate to provide
__Ee_.g;?._s’;ic display response rates.
| Malfunctions to this system are not given. It is felt that there is
no training value for re-entry aerodynamic changes resulting in vehicle destructicn
A related malfunction could be eétab]ished for the visual system showing loss of
a ceramic insulation panel on visual inspection via the TV monitor system.
6.2.

10.14.6 | Thermal Control System

Simulation of the Thermal Control System is required for realistic
crew instrumentation display and for telemetry data for those pericds of flight
not blacked out for RF transmission.

An iteration rate of twice per second is considered to be adequate

to provide realistic display response rates.
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6.2.10.14.7 - Docking Mechanism e

The docking process is a significanf constituent of spacecraft crew
training. It must be simulated. For proper familiarization with docking procedures,
dynamjcs should be simulated properly. .The-guide cone, hydraulic attentuators,
alignment rings, and capture latches are all significant constituents of docking
dynamics. Since at least two configurations are beina considered for the docking
mechanism (manipulator docking and standard docking), it is required that each
device be simulated only when present. Proper dockigg latch simulation is also
necessary to verify successful simulated docking. As the mechanism:wifl_abparent1y
be extendible, thé simulated mechanism should not operaté unless successfully
deployed. As with payloads, it is assumed that most target vehicle on-board
systems will, if simulated, bé added later as modificationsf It is, however,
desirable to require initially that provision be 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 oil temperéture

or pressure measurement or display.

6.2.10.14.9 In-Flight Refueling -

.

In-flight refueling will not be required for simulation
at this time. The in-flight refueling system simulation for the SMS

has not justified its cost of installation. Refer to Paragraph 3.5.3.
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6.2.11 Simulator Applications Software (Hdr)
6.2.11.1 FEaquations of Motion o

6.2.11.1.1 Translation and Rotation Dynamics

6.2.11.1.1.1 Vehicles

Display parameters ére selected from similar parameters on the CMS and SLS.
Prelaunch accuracy requirements are equivalent to about 1 arc-second erro?
in central anale, considered to be reasonable based on the 2 arc-second to]erancé
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 velocity requirements are
precisely those stated for the real world vehicle. Insertion accuracy alsb |
includes GN&C dispersions (e.g., platform drift), so the requirement on EfiM is
csomewhat stiffer than it looks. The cutoff time tolerance is set sufficiently
Tow to ensure against crew concern about overburn or underburn. This tolerance
should be well within 3¢ tolerances, both for the above reason and to provide
reasénab1e malfunction response. Since mdre than a 1% flight propellant reserve
is deemed necessary for non-aborted flights, it appears that 1/2 sec. should be
we]] within 3¢ tolerances. It is the same as the current CMS-S1B tolerance, so
should be realizable. Since the iterative guidance scheme largely flies out
position and velocity dispersions, cutoff time is most Tikely to be affected by
errors. Thus, the tolerance on cutoff largely 1imits errors in the boost
envelope. To further ensure a reasonable envelope, it is required that the
trajectory be within 30 dispersions throughout boost. A similar reqqirement on
the CMS-S1B has apparently proven satisfactory. Orbital accuracy requirements
are set with respect to burn targetting. They should assure no more than 0.5 ft/sec
dispersions (direction or magnitude) in targetted4V's over the span at one

orbit. Past experience has indicated that up to .5 ft/sec dispersions are
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acceptable. However, with Shuttle's iﬁcreased autonomy, crewmen could acquire
their cohcépt of what burns are."reasonable" from simulation which would tend
to tighten acéeptab]é dispersions. Other accuracy drivers (acceptable earth or
star scené, tracking acquisition/loss of signal, etc.) are less severe, con-
Sidering 25,000 ft/sec'ofbita] Qelocities. Since gravitational uncertainties

are of the order of .34 x 10 ft/sec2 in central body constant and .2 X 10'4

ft/secz_in perturbation, the desired accuracy should be realizable. The most
severe real-world orbital powered-flight accuracy requirements seem to be on the
de-orbit burn, so requirements are set thereon. Real world entry trajectory
accuracy requirements are looser than boost requirements (be within +20 n.mi. and
130 ft/sec at 1000,000 feet altitude), so it should be adequate to require nd
degradation of integration scheme accuracy between boost and entry;'and that

“the entry trajectory be within 3o dispersions. The primary requirements upon
rotational EPM are agreement with IMU (within nominal dfspersioné)hand reasonable
control response. Since guidance will maintain IMU attitude at the.correct value
(of value range), these two'requirements should ensure good visual and display

~ cues and good trajectories. Since provisions are m;de aboard the‘shuttle vehicle
for up to %ive payloads, and the external tank and another shuttle vehicle could

. act as target vehicles, the figure seven was dec%ded upon as an upper ]fmit for
the number of target vehicles. During a manual control phase following boost-
abort, it is necessary to ensure that the vehicle does not recontact jettisoned
partions of the vehicle. (Since backup flight control can operate during boosf,
this is apparently possible.) However, so long as aerodynamic forces remain
significant, the possibility of recontact aftér successful clearance (or visual
sighting) should be fairly remote, as maneuver is somewhat limited in this regime
and relative acceleration should remain substantial. A dynamic pressu}e of

2
2 1b/ft was chosen as the cutoff point since it is the lower 1imit on dynamic
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pressure for tank separation; and since orbiter aero acceleration at this
pressure; at mean orbital velocity, is about .1 ,ft/éec2 at 0=0° and about

1 ft/sec2 at 0=45°. External tank relative acceleration here (making crude
assumptfons as to its aero characteristics due to lack of data) would appear

to be at least .1 ft/secz. This appears to he about at Tow as one would wish

to go and still consider atmosphefic }e1ative force to be significant. In

orbit, a different problem presents itself. Since any attitude might be assumed,
external ténk'pOSition should be maintained until visual contact is minimal.
Further, in the case of tank deorbit SRM failure, tank poﬁition should be main-
tained until recontact is out of the question. A range of 40ln.mi. was chosen

to satisfy both requirements. At that range, the tank will distend about 2 1/2
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-
lation could involve 2000 slug pay]oadé, with respect to a 5500 stug orbiter,
momentum considerations establish that noticeab]evperturbations upon the orbiter
could be generated. Orbiter ranging distance is cﬁrrently 300 n.mi. It could

also be necessary to consider ground tracking requifements on other vehicles,’
which could extend the position maintenance requirements. Definition awafts
further procedure definition on rendezvous methodology, etc; It is assumed

that target vehicle attitude control will appear realistic if the target vehicle
RCS impulse is simulated properly, and control phase p]éne logic is simu]éted.
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 Volume I,
and is not synonymous with "fast-time" or "non-real time". Since, in "steb—ahead",»
only gravitational and aerodynamic forces are simulated, it would be quite un-

realistic to step-ahead during boost or powered flight. Within sensible atmosphere),
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reasonable simulation requires RCS and/or confrol surface effects. These, in
tdrn, reqﬁire operatipn of the full G&N system, whfch, in turn; requires attitude
simulation. éo, jt is also unrealistic under the. "step-ahead" constraints.
However, during orbital coast, fixing attitude and using only gravitatioﬁa]
aerodynamic effects provides an excellent trajectory at very high speed, since
rotational EPM, G&N, etc. can be 1gn6red. So, this high speed state advancement
capacity is valuable in that situation, whi]eiunrea1ist1c in others, At this
point, it fs difficu]t to determine wﬁether 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 bendiné

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

riot necesséri]y desirable. It is reasonable to assume thét the shuttle boost
configuration, which is more complex structuralTy, wiT]Ahave more severe bending
effects. 'A1so, in aircraft flight, structural flexibility may_we]l\be a«
significant effect. But, as information is currently too sketchy, no require-

ments have been specified as they cannot be firmly justified. 'As structural

and sloshing information becomes available, this decision should be rgviewed.
No requirement is specified for maintaining the states of ele-
ment of the tracking'and Data Relay Satellite (TDRS) system. Although
it is anticipated that shuttle will utilize this system it is not
expected to be operational until 1983. These satellites will be in
in synchronous orbits. 1In all probability, then, to use their
"median" sub-vehicle ground point pius the Gresnwich hour angle to
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 anyccase, such provisions need not

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

this capability later when needed. -

6.2.11.1.1.2 Orbiter Vehicle Configurations

The configurations listed are those currently foreseen

for the orbiter wvehicle.
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6.2.11.1.1.3 Forces and Moments

Maximum perturbing accelerations from‘the Je, JB; J4, and J22 harmonics
are on the order of, resbective]y, .09 ft/sec2, .2 X ]0‘3 ft/secz, 2 X 10'3A
ft/secz, 5 X 10'3 ft/secz. Each zonal harmohic is so directed as to largely
cancel itself over the duration of an orbit; the tesseral so as to largely
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, berturbing acceleration error
mounts Tinearly from maximum magnitude in one direction to maximum magnitude
in the other direction, then back agafn, the largest error permitted by the
tolerances on orbital EOM in Sect 3.5.33.7.1. is about 2 X ]Q*4 ft/secz. Error
arising from neg]ekting higher order zonal harmonics should be well within this
tolerance. It does not, however, permit igndring J2, J3, or J4. With a shorter
"period", J22 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. C(MS 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.g., over 55° in 45 minutes), so a central force field should
suffice. Also, perturbations at 30°N aggregate about .1% of the gravitational
force field. Changes in gravitational perturbations within + 5° latitude pf
30°N are considerably smaller. Considering uncertainties in aerodynamic coeffi-i
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
to 10'5ft/sec2 to permit growth in‘accuracy without unnecessary reprogrammiﬁg.

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

bit mantissas; or as little as 23-magnitude bit mantissas using care. Gravity




—
DATE THE SINGER COMPANY ‘
: PAGE NO-
12/22/72 ~ SIMULATION PRODUCTS DIVIS|ON 6-117
REv: A 3/23/73 , BINGHAMTON, NEW YORK REP. NO. '

-gradient torques could reach 15 ft-1b at certain attitudes in low altitude

orbits, and result in angular accelerations of 2 X 10'6 rad/sec

2210 2

In a 500 numi. orbit, gradient torques of 10 ft-1b are possible, and are, at that

altitude, much larger than aero disturbing tofques, At ]0'4 deg/secz, ale

displacement in 2 1/2 minutes is possible. Since docking misalignments of

- . 6 inches and 56-7°, and relative rates of .5 ft/sec2 and 1 deg/sec are poésib]e,

docking with a massive target vehicle (e.g., space station, another shuttle)

could exert sizable forces and torques upon the orbiter. Tank venting and

dumping AV can reach 30 ft/sec, which is certinaly significant. Separation

SRM's for the boost SRM's can attain 80,000 1b 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. @MS design 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

Orbital aerodynamic data is sparse. However, assuming that «=90° is

worst case, with CA=0., CN=2.5, Cy=-3, which values appear reasonable in terms of

existing lower o or outdated data, one obtains, with a "worst case” atmospheric

density at 275 n.mi., aero force of .2 1b (acceleration about .4 X 10'4 ft/secz)

and pitching moment of 1ft-1b at «=90°. .With median atmospheric density,

forces of .05 1b and pitching moments of .3 ft-1b are likely at «=90°. Since

gravity gradient torques can reach 10 ft-1b, it seems safe to ignore such

aerodynamic torques., Such forces are similar to gravitational uncertainty,

so they should be ignorable. Also, flight at low< is much more 1ikely,

and forces and torques are considerably smaller there. Transients detected

'4 deg/sec”.
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- upon passing between aero simu]atfon and no aero simulation should be negligib1e'
at these forces and torques. Furthermore:'orbital differences between a 274 n.mi.
circular and a 276}n.mil cifcu1ar 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-nominal atmospheric flight configurations. It
would also probably be very difficult.to obtain reliable data for such cénfigura—
tions. Winds, because aero force is proportidna1 to the square of velocity, can
be significanf perturbations dﬁring 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 considered necessary to permit certain instructor control over
winds, gusté, and turbulence, to satisfy varying training requirements. At alti-

tudes about 300,000 feet, atmospheric density varies substantially as a function

of solar activity, geomagnetic heating, and gravity waves. There are also
diurnal, Semiannua], and seasonal-latitudinal variations. A]]itﬁegé'effects

are somewhat predictable except gravity waves. Up to about 400,000 feet, semi-
annual and seasona]-1atftudinal effects are, reiati&e]y speaking, quite signifi-
cant. we1f above that altitude, temperature dependent parameters predominate
(e.g., solar activity, diurnal). At altitudes above 400,000 feet, total force
deltas due to these effects as percentages are sizable, but not as forcés. For
example, at 425,000 feet, the maximum force is about 60 1b (a=90°) the médian
force about 40 1b.(a=90°). At 500,000 feet, maximum force is about 15 1b.; the
median about 10 1b. (a=90°). Below 400,000 feet, the dominant seasonal-latitudi-
nal effects are most pronounced above 450 1at§tude, and are opposite in sign
between northern and southern hemispheres, thus largely cancelling over an'orbit,
and affecting lower inclination orbits less seriously. At the approximate al-

titude of maximum density effect, about 360,000 feet, maximum to median range is
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800 to 500 pounds (a=90°). The maximum is 650 1b. for latitudes of 45° or less
(much less for Tower ang1e-of-attack). Since effects are most pronounced at
altitudes befween 50 and 100 n.mi., and the trajectory envelope for most missions
will not involve extended flight in this area, and 90° angles of attack are
unlikely, it is not be]feved the improvement gained in traihing by simulating
these density variables would justify the cost. This conclusion should probably
be reviewed as definition and deye]opment'of training requirements continues.
With Toad-relief steefing, provid%ng minimal angles of attack, it is estimated
that a 2% density error could produce é 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 axial
fgrce coefficient changes of.5%, normal force coefficient changes of over .01}

and pitching moment coefficient changes of about .01 upon the orbiter + tank
(a=0°) and axial 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 (aéOO) indicates the significance of proximity aero-
dynamics for good separation simulation. Landing gear dep]oymeht results in an
increase in'drag coefficient of about 0.011 at a=13°, which is significant.
Simu]gtion of the effects of individual gear deployment is required for proper
simulation of the failure of an individual gear to deploy. Lift due to ground
fofces 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. Introducing the force at 75 ft.
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 booster.
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“6.2.11.1.1.5 Coordinate Systems . S

* .
During orbital flight, vehicle state should be maintained in an

earﬁh-centered, space-fixed coordinate system, to avoid inc]usibn of coriolis'
and centrifugal effects, to provide for load verification, etc. During the -
landing phase, a runway based coord1nate system should be maintained, for cal-
culation of touchdown effects, ILS data, high- reso]utxon 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 caicu]ation of body
forces and moments. If this is parallel to the 6rbiter Tongitudinal and-Bitch
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 horizontal haslproven°usefu1 to CMS instructors, anﬁ to engineers during

checkout.
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16.2.11.2 'MASS PROPERTIES

1 6.2.11.2.1 " Vehicles

’.

-

Total vehicle mass must be available at any time body forces can occur,
in order to.obtain body ac;eleration. During boost, when total vehicle mass is
rapid]y changing, and body is acceleration is substantial, errors in mass cause
porportional errors in body acceleration, which can build to serious errors in
vehicle state. A particularly insidious numerical error can arise in the integration
of acceleration to obtain velocity. For example, suppose rectangular integration
was used to obtain delta-velocity from acce]erafioﬁ.v.To obtain correct results
when this scheme, the accélerations used should be the “average" acceleration over
to integration interval. Thus, forceg)shou]d be "average" forces (except perhéps
for gravity, they should be sufficiently close approximatioﬁs), and mass should be
"average" mass. If, however, trapezoidal or Adams schemes are used, forces and mass
should represent values at the beginnings and ends of intégration intervals. Thus,

the precise valves of mass (whether at endpoints or "“averages") provided EM 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 &alue of mass available during each integration interval which will
{ntroduce zero error into the AV calculations - unless the integration scheme is
specified, which does not seem proper. As for the tolerances themselves, during
boost, the driver is the requirement to meet cutoff time within 1/2 second. To
assure meeting this requirement, accumu]ateq 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 positions, étc.) to a steady body acceleration
error of .03 g%bg. Using current mass properties, the worst cases for mgss’change.

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

case, mass flow, in 51595-, is about 1% of total mass in slugs, and body acceleration
sec

. Fe390.0-A
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-,-about 100 o5=2..- Thus, a .06% mass error will result in acceleration errors of .06

'-
ft 2. Assuming average mass caused acceleration error will be 1/2 this (it is likely

TEC

to be considerably ]ess); we are within our tolerahée. Such a to]erance'wili then
reduire a mass re-ca]cqlation frequéncy of 1/10 second, or smoothing. This rééu]t

is consistent with S-1B experience; which indicates that 1/5 second itera;ion interval
during boost is too slow. During other mission phases, the most severe mass require-
ment is on thé qéorbit burn. The deorbif burn may be 20 minutes long, under extreme
orbital and malfunction conditions. In that case, it should not have cutoff delayed
by more than 4 seconds (will translate to 1-2 secoﬁd delays in nominal case;). .This
can be acéomp]ished by a .3% tolerance on mass. Vehicle center of mass must be |
avéi]ab]e wherever significant torques arising froﬁ body forces can occur, in order
to find moment arm;. 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 gurface settings (in order
to.cgnce] torques and thereby null angular accelerations), and can alter the

response of the TVC, RCS and aero-éﬁrfaces (depénding\on schéhe bsed to compute
moments) to command changes or pertubations by changing their moment arms.” Inertia
tensor errors can also alter response of TVC, RCS, and aero-surfaces by changing

the angular acceleration resulting from given torques. Proper tolerances upon

these parameters to satisfy these requirements are §omewﬁat configuration dependent.
As the configuration is currently undergoing substantial design changes, it is
considered unwise to set such tolerances at this time. However, using a nﬁmber 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 would appear to require a gimba] angle change of about .20 or less.to track-'-

it (aero ignored, but aero center appears to remain consistently safely behind cg),
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:_é 1 inch Z-direction error a gimbal angle change of as much as .25° during mated
"boost, but Tittle more than .1° during second stage burn. In terms of a simplified
pitch TVC 1odp;.adapted from that.in the NAR proposal, a 1 ft. x-direction c.g:
change (or a 1% change in y moﬁeqt of intertia) would appear to change transient
rise time, overshoot, and undamped natural frequency by about 1% or less. It would
_appear, then, that with the current configuration, tolerance of 1 foot on x-c.g.
position, 1 inch on y and 2 c.g. position dﬁring mated ascent and 2 inches thereafter
- would be reasonable tolerances. Judging from proposal mass properties estimates,
these tolerances would apparently require updafeé at least once per second.“However,
although tolerances would be met, resultingstep changes could create perceptible
pertubations which would not exist in the real world, especially if at some time
coupled to guidance minor loop.updates. Thus, the requirement that perceptible
step changes not be introduced would probably force a faéter minimum update rate -
perhaps 5 times per second. Since mass changes are much éma]ler during OMS burns
and entry, update rates could probably be decreasedAthéhf, It apgéarév;hat'thé-
to]erénces_cited for the inertia tensor in(orbit are also reasonable for boost, since,
as indicated above, 1% error seems tolerable for one-a%is contro1'd§namics, ;nd the
arguments conéerning errors arising from rate-depgndent terms in the Euler equations
in orbital coast are similarly applicable during boost. In orbit, assuming no -
torques and rates of 1 g%g (which are not likely to-be exceeded for long in nominal

or most malfunctioned operation), errors in angular accelerations due to a discrepancy

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

arc-sec
> 2
sec

. moment of inertia would be about 6 2rC-S€C or less (maximum values in roll pitch-
. . sec , _ .
yaw values substantially less). Effects of torques upon angular acceleration should

or less, and errors in angular accelerations due to1l.0% errors.in any

be included within 0.5% tolerance. These approximate values should hold so long as

the orbiter retains the shape of a delta-wing airplane. Of course, if exact principal
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" axes Euler equations are uséd, products of inertia do not exist. When separation
rotational dynémic§ of SRM's are simulated, SRM mas§ prdperties must be maintained.
Target vehicle ot payload‘mass properties must be av%i]ab]e while their étates are
maintained. It'would not be necessary to maintain mass properties to extreme
preciéion if only an attitude control propuision system 1s-aboard another vehicle.

" Mass changes of 5% should not force mass property changes of a great deal more than
5%, 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 its behavior seem reasonable to an outside obsérver, which permits fai;}y 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 vehicle without being alarming, so long as

basic behavior characteristics are preserved).

6.2.11.2.2 Vehicle Configurations ' ¥ -

- ~

The configurations specified are all possible shuttle vehicie configura-
tions, each with significantly different mass properties. In§trh£tor alteration
of crew location dependent mass properties has been used on SLS.. ‘ b
6.2.11.2.3 Consumables
The consumable containers mentioned-all contain consumable quantifies

which may change in time during a shuttle mission. *
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6.2.11.3 Ephemeris
6.2.11_:;.1.1_' Celestial Bodies

Sojar direction relative to the vehicle affects vehicle temperature
distribution,Aséar tracker resolution (when pointed near the sun due to G&N
malfunctions), and out-the-window views. The moon can also cause interference
With-the star tracker. The visible planets (Mercury, Venus, Mars, Jupiter,
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 position. Astronomical sortie missions may create requirements
for solar, 1unar,'and pTanetary bosition }ﬁfdfmation. Some'sdch payloads will:
presumably be pointed af these celestial objects. There is no indication in the
orbiter GN&C requirements or preliminary software that the orbiter GN&C 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 of sensor on-

board the payload may provide the GN&C 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 Qﬁ%%EEE, so can probably be ignored over the period

. of a training session. That of Neptune and Pluto will be much less. Thus,
astronomical sortie missions should not require ephemerides of any

other planets. Star trackers le accuracy is 30 arc-seconds. Since solar,
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lunar, and p]anetary effects upon.the star-tracker involve only interference,

i it should be sufficient to maintain their positions within the star tracker
accdracy. Star difections, however, should be maintained well within étar
tracker accuracy;‘to bermit star tracker dispersions to be simulated within
the star tracker simdﬁétion itse]%. 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 Qrgéggﬁgﬂgfﬁ Thus, if solar direction accuracy is within 25
arc-seconds, maximum sunrise error will be of the oréer of 1/10 second. ‘Astronomi-
cal sortie mission accuracy requirements have not beenldefined, and are therefore
not considered. However,Abest baseline pointing accuracy (3¢) is 36 arc-seconds.
Solar aberration can exceed 20 arc-seconds. Thereforg, it should be 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 anticipated that lunar position accuracy requireménts can béwggﬁi]y satisfied
at an jiteration - rate of about 10 gimes per minute. Solar (and stellar) require-
ments are much less. There 1s-no evidence that automatic star traékers wi}i be
used for navigation during atmospheric flight. Evidently, radio.aids only will be
used. The brevity of shuttle atmospheric cruise }oné hour or less), the fact that
all hops on the proposed ferry routes are over or very near iand, the 1im{ted range
(400 n. mi.), the distinct possibility of daytime flight, etc., would tend to render
star tracker navigation unlikely 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 js 25

arc-min, at sea level. Even accounting for shuttle cruise a1titudes-(neér 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 assupption

that stan tracker use in the atmdsphere is not anticipated. If it is utilized,

however, atmoépheric refraction effects will be required in the calculation of

apparent star position.

-

»,
1
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6.2.11.3.2 Coordinate Transformations

"Star positions should be available within any of the systems fd,wéll

within the star tracker's accuracy to ensure good star tracker simulation. The

figure of + 5 arc-seconds was established in the preceding section as an adequate

accuracy limit to sat1sfy this constraint. Thus, the simulated transformations

must be within th1s 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 cohstraint. 3% arc-seconds is equivalent to

about 350 féet 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 transformations 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,
requiring such tight accuracy for a 30 day period (for example) on eitt

side of a reset point would result in a considerable time/core impact

to recalculate precession and nutation. It does not appear to be wort

it.

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

in the case of super-long simulation runs is degradation to exigting

Since the requirements exists to maintain the parameters over any

413
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' CMS-Skylab accuracy levels,,yhich,’yhile not good for Shuttle, will
not have any disastrous results. The Greenwich hour angle changes Sy
about 15 'arc -seconds per éecond. Thus, an error limit of 2 arc-
seconds should be ﬁithin thé limits of perception. It also cérreSpondT
to é ground tfack error of about 200 feet (at the equator) which should
be acceptable so long as it is not oscillatory. It woﬁld, for example
‘at orbital velocity, c¢hange deorbit time'by, at most, 1/100 seconds.
'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 Control Software
6.2.12.]. Data Recording | o S

A method of recording data is necessary to obtain hard copy of simula-
tor parameters for debug and training aid purposes. The approaches are as follows:

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 Logging

A method of analyzing simulator performance for debugging anq-train-

ing purposes is important. For this evaluation, as much data pertaining to inputs
and outputs and dynamic simulator calculations as can be obtained is necessary.

A logging facility is the best solution for this need. Data of all types will

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

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

6.2.12.2 Real-Time Input/Output

The SMS will require real-time inputs and outputs in order to~p;rform
a realistic simulation. This I/0 will utilize'both standard and non-standard
computer complex devices. Access ‘to these devices will necessitate a comp]éfe
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
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systems and subsystems. Provision for the dummying or éubstitution of real-time
. -

devices will allow checkout during periods when devices may not be available for

Y

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 clocks and times should originate from one single system.

6.2.12.5 Masterﬂ 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 - R . LT

6.2.12.6.1 Automated Training

This feature will relieve the instructor of certain tedious simulation

control functions, allowing him to concentrate upon instruction and evaluation of

b

trainee performance.
It also has the advantage that all trainees can be provided with

exactly the same training problems.

6.2.12.6.2 Performance Comparison

This feature will allow a display and/or ‘hardcopy of the trainees'
performance. This information will allow for a full evaluation of his performance
under certain prescribed conditions. Potential weak spots in the training regeme

can be spotted, or areas of further training pointed out. A "profile" of the




3

THE SINGER COMPANY | PAGE NO. g-132

DATE ,
. 12/22/72 SIMULATION PRODUCTS DIVISION

REV. ' ' " ]
A 3/23/73 BINGHAMTON. NEW YORK R ., . | REP. NO.

. strengths and weaknesses of a trainee can be rapidly arrived at.
It mqst be emphasfzed that tﬁisifeature'by no means would attempt
to "score" thg trainees ‘performance. Performance comparison would only report
the conditfons found QUrfng the mission. |

6.2.12.6.3 Record Playback

. This feature will provide the instructor with the capabilit& to
record the actions of the trainee during a-mission phase, then critique the.
trainee by playing back exactiy what he did. -

It will also be possible to,buijd'a library of mission phases‘fo
show how a maneuver is fo be ﬁé}formed. Thus, a "tektbook" docking sequence
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 embhasis is placed hpon "f]ygqt" from a
playback. This was dorie to emphasize the potential danger that-can Exist should
the crew controls be in an'unsafebcondition prior to release fromnplayback control.
Thus, if the simulator was performing a sequence of Ltouch and.gb" landings and
the p]ayback was stopped while the simulator was "on the ground", but the controls
were in an "in the air" condition, personnel are }n.danger of severe motjon base
transients if 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 will be used in the same
fashion as those on Skylab, and since the SLS CRT system proved to be of gfeaf
value in debugging and simulation monitoring, it is recommended that these re-
quirements 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

logical approach.

6.2.12.7.2 Setup Verification
This is a logical equivalent of a proven SLS page program application.

6.2.12.7.3 " Parameter bisyay

Since there will be few hardware disp]ays, and many computer para-
meters, this requirement is necessary. | |
6.2.12.8 CRT System
Sj‘nce 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 provide for hard copy of all parameters displayed on a

CRT independent of any other data recording technique.

'6.2.12.8.2 Look end Enter
' The capability to monitor and change data pool parameters in real-
time is necessary.
6..2.12.8.3 Graphics
Since the assumbtion 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 adeguate interface between th_e application and the operating system be main-

tained for proper simulation in this environment.
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6.2.13 support Software
- 6.2.13.1 ° Operating System

The multi-tasking environment required fom SMS with multiple part task
simulations, batch, avnd terminal processing makes an: copefating system a necessity.
This is dictated by the need to properly allocate andi control computer system re-
sources between the multiple simu]tangous tasks-that @re executing in the system.

| 6.2.13.2 Software Processors

‘The requirement that the SMS have assemblexrs, compilers and loaders
is self evlildent and these are assumed to be supplied GFP with the
SCC. What is delineated are requiremeﬁts for ‘non-stasndard' features
The requirement for a CRT page program processor is necessary.
The syntax and mnemonics of the CRT processor is parallel Ithe
assembler of the °operating system is to minimize the mumbe;' of'programming lan-

guages to be Tearned.

6.2.13.3 - Data Base Generator

The formation from simple inputs of a \data pool of the complexity
necessary for SMS is best done by a computer program{s). The associated 1istings
are a natural by-product of the data pool formation. A mechanism for referencing
from the simulation programs to the data pool is easier and faster through a
computer program. A statistical analysis is necessary to have a complete under-

standing of the what, where, when, and why of the data pool construction.
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176.2.13.4 Reset Generator

s . .
For proper training, the SMS must receive initialization at various

points. A computer prdgram is required to construct these points very rapidly
with some assurance as to the va]fdity of fhe data. This program is the reset
generator. Also, some points may be taken during rea]-tfme 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 processéd from its de-
livery medium to hard copy listings and 1oadab]e.object code. More than one
copy of the loadable code will be needed for simulated change over from one
computer to another. Patches to the flight program may have to be geperated.

The on-board computer support software will be responsiSTe from these tasks.

6.2..13.6 Utility Programs
The functions performed by various utility programs'are essential to
sﬁpport a complex operation such as the SMS successfully.
6.2.13.6.1 Diagnostics
The requirement for diagnostic routines will greatly reduce down
time due to hardware failures which cannot be quickly diagnosed by other means.
These routines will also aid in preventive maintenance activities by providing

3

data on random device failures.

6.2.13.6.2 Support Utilities (Plotting, Trace, Snapshots)

Debug routines will reduce the time required to gather data during
off-1ine and integrated test phase. They will also be helpful in documenting

system performance during test and operational phases of activity.
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.6.2.13.6.3 Subroutine Library

The requirement for a subroué%ne 11brar§ is dictated by the need
for support of standard fac111t1es such as the use of trigonometric functions.
Routines such as this should not be left to 1nd1v1dua1 users to provide because

of the chance for deviation from standard results.

~.6.2.13.7 Delog

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 implementation.

6.2.13.8 Statistics Gathering System

A method of computing computer loading is needed to allow the evalua-
tion of the effects which changes to the simulation will cause.. Thfs loading
also allows the evaluation of the computer rescurces available for non-real-time
simulation activities. A record of comuuter usage and downtime jenreuuired for
performance and cost evaluation. A.Statistics Gathering Systeu is tEe ideal
approach to this effort. L - ‘;5\

6.2.13.9 Automated Documentation v o R

0bv1ously, the SMS will consist of a large number of software packages.
Although the exact number of such packages is not known, it is possible to ba]]-
park the number at several hundred. ) ’ =

With this volume of software, the only reasonable way to document
it is by using software that will release the programmers from these tediousl
and time consuming tasks. Two further benefits are realized by this methou:
the documentation can assume a standard format isolated from the idiosyncrasies
of the individual; and with an automated system, as changes are incorporated,

the chances that program documentation can be kept up-to-date are better, since

the programmer can leave the updating of flowcharts, cross references and so on

to- the computer.
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+6.2.13.10 pata Management System

The need to know the simulation configuration at any point in time,
together with its prospebtive configurétion, necessitates a comprehensive and
flexible configuration management s&stem. 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 infdrmation. At the
same time it will reduce the amount of paper work that usually exists. Cross
relationships of one element of data to another cah also be generated in an easy
manner. This type of system will afford the éapabi]ity for more beop]e to be

made aware of more information that is current all the time.
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6.2.14 Systems Integration

The test drivers will be usefulffor the follow-on modifica=

tion phase particularly in light of the time-~sharing capé—"

bility of theiSQEL
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"6.2.15 Demonstration Installation Test

6.2.15.1 Factory Test and Demonstration

1

6.2.15.1.1 Layout Model

" This layodt modél is deeméd necessary to enable planning
of installation to imprové traffic flow, minimize cable rums, and
eliminate noise problems,
6.2.15.1.2 Factory Test o

- These tests will verify simulétor hardware fidelit;,
They will also minimize 6n-site test tihe and cost,,andﬂoptimize
overail test schedule,

6.2.15.2 On-Site Installation and Test

6.2.15.2.1 General - o .

6.2.15.2.1.1 On-=Site Hardware Installation, Integration';nd Test
‘ These tests reverify hardwarE,‘check'for damage in
shipment, and will eliminate all hardware problems prior to system
software tests, : 'a‘
6.2.15.2.1.2 System Test S o -
These are nearly. a dry-run of the acceptancé tésta to

verify system performance prior to ATP, and are preceded by other

software testg at the subsystem -level, -
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6.2.15.3 Acceptance Tests

€ .

. Accéeptance tests are provided on the system level, to

isolate major problem areas. Tests arxe seqbentially ordered to

minimize total test time and eliminate ptoblems which will affect

subéequent tests,

6.2.15.3.1

Tests,

6.2.15.3.2
6.2.15.3.3
6.2.15.3.4

6.2.15.3.5

-This is thé final series of tests.

Simulator Operxation and Procedure Tests
These are a prerequisite to Systems Tests and Mission

System Acceptance Tests

These testsg are a prereguisite tc Mission Tests,

Mission Q;iehted_gests

.
VYisual Graphics Tests j S -

These are a prerequisite to Visual System Tests,

Yisual System Tests

Some of these tests can be conducted independent of

and in parallel with other tests above, Hence, total calendar test

”~
-

time will be minimized,
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6.2.17

6.2.18

Omitted

Omitted

| Omitted
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6.2.19 Motion System ' o ’

The six degree-of-freedom motion system will provide‘the astro-
nauts with the necessary cues . to simulate the movement of thé Shuttlé
vehiclé during atmospheric flight. Motion simulatioﬁ, during these
4§hases, is most important since it furnishes feedback of fhe pilot's
control action or is the direct stimulus for bilot action. The
proposed motion system will be representativebof the sensations
experienced in the Shuttle vehicle. (Referencé Bibliography Item 18)

As evidenced in the Simulation Technigues Study Interim Report

current six degree-of-freedom motion systems are the only systems

possessing the load carrying cap;bility, adaptation to modification for
visual system support, and present the best combination of performance
and excursions of the state-of~the-art devices available. 1In fact, the
load carrying capability of c;rrent motion systems limiﬁs its capability

to the upper forward crew compartment and its associated visual system.
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.6;2.19.3.1 Hydraulic & Electromechanical Deéigg
‘This paragraph establishes the requirement for a geparate
control 1oad£ﬁg pump. '
| It cites the specific characteristics for
a) filters |
b) relief Qalves
¢) plumbing
" d) maintenance features R ‘ -
2 e) accumulators
f) heat exchangers
g) access ramp
h) hydraulic fluid
i) overtemperature sensofs
' j) constraints on component design

6.2.19.3.2 Motion & Control Loading System Controls

“~

‘This section defines the requirements for safety and
operational characteristics.

6.2.19.3.3 Maintenance Controls ¢

This section defines the maintenance features for ease of
maintenance and safety considerations.

6.2.19.3.4 Floor Loading

‘This is a typical motion system requirement and the site
must be verified to see if the '"1500 pounds per square foot' value is

compatible. o ' )
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6.2.19.4 Performance Requirements -

6.2.19.4.1 Simulated Motions : -
This section defines the quality of the motion and the typesg

of motion cues to be similated.

sfz.lgga‘z | Payload Weight
\ " This paragraph is intentionally nqn-quantitative since it.
is subject to the individual bidders design (érew étation/visual/tilt
concept). It is inserted to define the payload imposed on the motion

. system.

.6.2;19,4.3 ' Worst_Case Maneuvers
| Further defimition of motion system performance require-
ments .
6.2.19.4.4 Rough Air
| | ~ Same rationale as above, to specify performance.
6.2.19.4.5 Response - “ e

‘To quantify response time.

6.2.19.4.6. Excursions, Velocities and Accelerations

‘Quantitative values given are those characteristic of the
Singer 60" stroke 6 D.0.F. machine. They are deemed to be adequate
for the simulation of a vehicle of orbiter size which is expected

to have rather docile flight characteristics. , -

————

, 6.2.19.4.7' cceleration Onset

To define motion system capability.
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6.2.19.4.8 Frequency Response

To define max. phase~shift limits (perfbrmance).

Specifically limits the natural frequency of the system to

grééter 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 'Svnchronization

Tﬁis paragraph inserted toc insure inclusion of synchroniza-
tion features and alignment of software cues.

6.2.19.? Maintenznce Features

. . Py . uired.
This section defines specific maintenance features requir

6.2.19.9  Tilt Provisions

During the pre-launch period, the flight crew will
be seated in an upward-facing orientation, and this orientation will
continue through the first part of the launch phase, with the magni-
tude of the gravity vector increasing from the normal lg. To provide,
during training in the simulator, the same gravity-combating effort in
reaching controls on the instrument panel as would obtain during thé
pre-launch and lasunch portions of actual flight, it is necessary that
the simulator cockpit be tilted sq;;hat~the flight crew
are properly oriented with respect to the gravity vector. Part of
the pitch capability of the reéular 6 DOF motion system can be used
here, but a tilt mechanism will be needed for the greater part of the

angular excursion.
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“6.3 Test Regquirements

See Section 6.2.15.

-
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6.4 Logistics

The specified items are essential to enable NASA to maintain
and operate the SMS after acceptance, and are'in line with past NASA

simulator proeurements.

ha
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6.5 Reliabilitv and Quality Assurance Requirements

Stringent Quallty Assurance requirements are dictated by the 1arge
-scope and cost and the lntended usage of the SMS. The Quality Assurance
.program should be planned and used in a manner to effectively support
the contractors reliability and>méintainability programs.

Inspections should include in-procéss and quality conformance
Operations.. | ‘ | -

Tests of the following types shoﬁld be included as a minimum:

a) Structural

b) Electr%cal

c) Environmental

d) EMI

e) Human Factors

'f) Reliability .

g) Grounding

h) Functional

i) Trainer operation ' ' ' Co-

“

¢

The program should emphasize the prevention of deficiencies and
provide for the early detection, correction and control of deficiencies

Special emphasis should be placed on quality control with respect to

new and unproven program areas and equipment.
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t

. 6.6 System Support

: The'complexity:of the SMS éarfants éngineering‘support to
train personnel in the operations and maintenance of the simulator.
In addition, the support shoalé include coordinat;on of data and sbares
support. The support personnel should comprise a group who are experien-
.ced in the various technical areas associated with the simulator and
form a part of the installation, checkout and_testing crew. Besidé-
providing trxaining in the operation and maintenance of the simufgt;r,
training should cover the use of operations and maintenance manuals.

It is anticipated that a six-month program would be required to provide

adequate engineering support.
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;,7.0‘_ Documentation Requifements,

This paragrabh defines the effart-associatéd with the cost
of the Documentation work package and will péoviAe visibility inté
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 NR, NASA and the SMS con-

A

tractor.




