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. -This document provides Software Conceptual Designs (SCD) as approaches

‘to meeting the simulator requirements of the Shuttle Mission Simulator Require-

ménts,(SMSR) report. These designs are conceptual only and are not meant to _

“imply necessarily the best solution to each prob]em; but only to allow sizing-'

" the computer complex and to

provide at least one solution to each problem. . .=
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1.0 Introduction = . v’ o R

+--' For purposeés of the study, the major areas of the SCD were divided into
Malfunction Insertion, Flight Software, Applications Software, and System
.’Software. Failure Insert1on Concepts is generaTTv ap011cah1e to aTT three of
the~other areas since this is the means of introducing off—nom1na1 performance
o and is 1mp1emented by Systems Software inputs to the AooT1cat1on Software.

Flight Software refers to the software developed for rea] woer use. Th1s

s 1nc1udes the on-board computers for Guidance, Navigation and Control, the Main

1 Eng1nes and D1sp1ay System software includes the requ1red simulator contro]‘

- systems, as weTT as, the data’ management system The computer comDTex
1ncTudes the computer system requirements for perform1ng the simulation tasks

, as we]T as the t1me sharing rcqu1rements In add1t1on, cand1date computer

'
¢

c0nf1gurat1ons are orov1ded which meet the requ1rements The AppTicat1ons__

o attewpt 1s made here to arrive at an opt1mum d1str1but1on by work pac?age

"'T""'"“ :M_A. - R - P - . ~en - . RS

o The foTTow1nq p1ctor1a1 charts prov1de an overview of the systems and

1 i

34_ subsystems covered in thxs report and 1nc1udes paraoraph numbers for qu1ck’

) reference . f“'f -}f3é'f' ,”"ﬂ"fm'f ' ;AI“? T

In most cases, the operat1ona1 on- board subsystems have e1ther not been

RS o -~

,deveToped or selected for use in the shuttle. This has necess1tated using

ex1st1nq aerospace subsystems as "Tike4items” for the SCD. ' In aTT conceptuaT

c e ,__' -

des1gns, the reou1rements of the reaT woer systems as expected on 12/31/72

Lad

g C ] ' ; L . e . ’ :
. _ . _are‘ met. B T RN T e e Cea e -__ . _ _:__T__: V__:_._.__‘_._»3’:___“.__‘_;““': __‘_?_____'E I

¥ 1

e e JRUSUUR VAU O

- - G e m e A P e - - [NV, T ey

B e e e mammes vss

~~~—~—Software is d1v1ded into ten major systems by ena]neer1nq d1sc1011ne No -—-

1 1

| SRSORUE
|
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~Trainer Configurations S _"L:h.M B t..‘ S A

The trainer confwgurat1on as cons1dered by the SCD is “shown in Flgure

'f:1f041f4~1£r¢6n§1sts of the Mot1on Base Crew Stat1on (MBCSj the F1xed Base Crew
_Station (FBCS), the Instructor Operator Station, (10S), and the Computer Complex
-7 as major hardware components. Some of the features of these un1ts are: o
Weess Lk
epm it e 4-manAseating in crew station - -~ - ft#?;"}~~+~ffj~f4~f*fj.:3%-5“
“_"T‘ ) e 6 DOF + Tilt Motion System "f""f"TLff'f” %{“T;"f““%f“fff7f"f’?” -

o Ful]y operat1ona1 s1mu1at1on of Commander station - ;_V;Q_f,”? :L.._

e Fu]ly operat1ona1 s1mu1at1on of P11ot Station - - ;-~;}4”"*;;‘:“ f;“?f'f‘
"o Full forward w1ndows v1sua1 systems _ :"ﬁ’f7i"g.7:%”?"5,’f4i§7'7;
e No aft-m1ndows vwsua1 systems . ,::;Jiiti;;—¥Tiljixifj_“.“W“mm”'-~ e
0 No payload i ) "f:'“Efwtfmt‘ 15'%%7;%;;'";;~f;‘l |
e Mo pay]oad man1pu1ators 'V‘Laiffwf%*" '?
:_ e M1ss1on Spec1a11st seatkohiyvm:m;f~““:jp

0 Pay]oad Spec1a11st seat only ~«w¥fjf~~~~~w~~*4s

e No 1ower crew compartment ST Ty

O o - et be Ba e ere et e b = e e

FBCS '

- & -4-man crew statlon TR T ~~-g-~u~;a~f7-;,;-{_47>:~1; NP
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- COMPUTER COMPLEX: S
e . Host Computer System _ L ‘_ T . o
o o WOrd length - o CO ” oo
R Addressab]e storage | S B .
- “" . :Input/'Output transfe‘r rates ) *’** o ;'.f.“‘"'
oo .___.__r - Awe T”.ne Shamng e e e ,,j.._.-:_-..i.‘._“.-=.i._.-. _:“- -_:,, e e .....i..,_,.-...?“-
- ,,-L Batch stations . .l i '- v | L
— *~~—~~ T “ Iﬁteractwe termma]s Yt°““” - “ i l
T ke Peripherals T LTI T T e
X ;4Card reader/punch o
L1ne prmters
f::i: i .J_“?SS storage ‘l ;
- ,*__d .. L. Magnetic tape ' i ;
' “_'*'%-“"‘o' Cand1date conﬁguratwns ;
T e N :
...._,_:;3_.__.,._.%;_.“,M1m computer hnkage ) ;
* : “”T‘ ‘Devices "—
A ﬁ_‘ ;T’L"Type .
ST ,, . Number of channe]s 3
‘2.2 ‘*Tra1mng Modes o '.T ”‘
'"““Jigwrl.:a;‘purpésesﬂo_f- tHe SCD the tramer }s assuméd td ha\'/‘eﬂ;c‘ﬁ'e capab1hty of )
the foHowmg tr‘ammq modeS' o o .{.;.f_'.__: i;vg.;;.';.‘,_.l_._.i_‘,l_ SRR a R
T TTTTTMBCS Tonly: Pre]aunch (L1ftoff minus 10 mi nutes/to 11ftoff) “” R PR
: ;::“ __;“_lLfaunrh (to E)gternal tank deorb1t) a B f“ 3
, i . ' Launch Abort ' S AR, ‘
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3.0 Technical Concepts
w0 '3.1 7 Failure Insertion Concepts
1 3'1ij System Desian Techn1ques
_ | _In many cases of s1mu1at1on, the mathematxca] mode] ma]funct1ons
A”if‘are added as an afterthought in the design process. Vhere the system has
_ redundant components or oaths,'repet1t1ve proqram ]oop° are used to reduce

.. .. the core reou1rement of the executab]e-program. Imp]ementat1on of ma1funct1ons

into these component models reouires that a'comparative study be made to

determ1ne the method for the 1east comouter core and executab]e time

requirement. In all cases it w111 be found that a comprom1se must be made
between t1me and core In the fol10w1ng four example' cases, the var1ous

) methods of 1mp1emen ation w1th1n a Do- Loop of ]0 are shown w1th a t1me and

Jseu,mcore 1mpact “In these examples a computer time of 1. 5 usec per;lnstruct1on

Mo ey '

—— . ! VS U WU T A S S e L ke

s1mu1at1on I T S RTTTTTETT i :.Au

SR bemn e O _‘;. RO SN

L _For purposes of c1ar1f1cat1on, the term mu1t1p1e malfunct1on means

v T e -k - PR
l

- PR PO P - o

1
ot
t

that one data base word is used to d1rect a change in computational process1ng

»ih such that more than one segment or component may he addressed by chang1nq

O

_;_s of the code 1etter or number. stored in the data base 1ocat1on Cases ) and

o hn Lo : atis” ot »MB‘#‘»':; BRI
: VI show an examp]e of use of “mu1t1ple ma]funct1ons” to save

me o v 7._._.#7., ."':1*37; '””"‘.T"““"":_‘- ;».f:

_— - PRSI S e s T_s..-: _:.y 74‘ — o ——— - e b b e
VoL i ! : o . { :
t1me and core A P ‘ SR 8
. & | ' H ! : E . e \
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“‘is assumed “Cases v and VI show the trade-off as was made 1n Sky]ab EPS ““‘f“”'“
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~CASE 1: 10 Discrete Malfunctions Used Inside DO Loops .
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1) A]] 10 ma1funct1ons can be entered s1mu1taneous1y

_2) Low execution time. ! '
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_CASE 11: One D1screte Malfunction, one ma]functlon index used to 1nd1cate which
one of the 10 elements should be malfunctioned. A]] 1nsxde DO Loop.

S e for=a,000 0 e

; R | .
. 1 - P N e
: o - I :
E 1 B ; X
- o . L . Dol W
; ! . :
Pombe oo (o 4 Executabie* .
ST ‘ : . - T g
o Do Yes '
I : L
bt ! RO R L .
oo ; : L :
' _\ ' 4 o :
y L - T " '«-2 Executable
i . : ’ . . .
LooLh b AU o ! : ' : $ .
o T . A(I)
. N o + :
el e — e
b IR pa— o e
B ST FO R N7 - o e e o - L U AR U SR 4
B i : B T h ' . P a |°“"!‘
o S T T P ‘ o T
SV SO SR S - . e . R | [ S S e e
i,y EXIT DO LOOP aF T S i : o
IR - - UL SR SOt | R IR LTS SO SO T SO S
R T L ’ R
[l SIE P - mmbee e B SR BRI SR AP S T T k. [ ~
N N E N T
4 . t i i E :y . -‘, s :_ '
! ««««« — T i R bl i - -t - A= PR -7;—-
R Core oummary .Storage Executab1e _Bytes ]
S L T :
U T S ST SO U S 9 , . L) “
A ' S I S : ; Co 4
TGN U S S e = ey e B R :%+§..- T T

e T1me Summary Best: 3X 10 X1.5-45 uS R SR S

.l i orst: 9X10X1.5=135 45 i e
In = Index: 9 X.10 X 1.5 =135 4 HERCEER RN U RO R S
Lo b In T # Index: 7 X 10 X 1.5 2105 48 T S SUTIE S SR Y

i
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CASE III: One malfunction integer location to indicate malfunction entered
and specific element affected. A1l inside DO Loop. :

. fpo1=1,10 R

Yes ' . ;.~

2 Executab]e.;,

A -0 | e

B =8 T e PO

i

3 f
LER -

ore Sumﬁary: Storage .A Executable Toté] ﬁf iBytés
1 -7 .8 32

“ ey aa e e e e e B PR . - c e P IS . . R

e

- Time Summary:  Best 5 X 10X 1.5= 75 uS S
o . Morst: 7 X10 X 1.5=105 xS i
L _ Nominal: 5 X10X1.5= 75 4S8 .o o }

~ Advantages: 1) Low Core Requirement. _
e - 2) Easy to enter malfunction.

1'L;Disadvantagés: 1) - High time requirement for all paths. o
2) Only one malfunction entered at one»time:
L ‘ .

F.398.8-A
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‘CASE 1IV:

specific element affected.
Loop.

1001 =1, 10 l

% |

EXIT DO LOOP

No

10> MINDX >

. |A(MINDX) = 0

CONTINUE

i
s
! .
. 3
t .
- - Ce
\

l
[

i

'Advantages:

.
!
!
b

-::vgﬁgre Summary:

- Time Summary:

~ Disadvantages:

Storage Executable Total
1 LU

Worst:

1)
o 2)
2 3),
=
2)

_Best:

5°X 1 X 1.5=7.5 xS

9X1X1.5=13.5 &S
Nominal: 5 X 1 X 1.5 =7.5 5

Low Core Requirement
Low Time Reouirement
Easy to enter and remove

Only one element may be malfunctioned at a time.
Requires that Do Loop has ended or that additional

- time and core is required to do this.

i

© ‘
R

One malfunction integer location to indicate malfunction entered and
Malfunction programmed outside the DO
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3 Executable Overhead

DOI=1,4 e - - -
< 1 Executable Overhead U T
; ) 3 Exeéufab1é |
i v LOAD(I) = LOAD(I) + EMPBL(I) CL
- I ’ - .n.. ' l‘
EXIT DO LOOP | -~ - == -- S iy S
Core Summary: Storage | -Executabie Total jjéites 7
‘ 82 10 02 1368
Time Summary:  Best:  [3 + (4)(41)1 X 1.5 = 250.5 &S
C i Morst: [3+(7)(41)] X 1.5=1435.0 5 -
Nominal: [3 + (4)(41)] X'1.5 = 250.5 &S
Advantages: 1) A11 41 can be entéred at ohe time;
- i _.2). Easy to enter and remove. )
Disadvantages:  ° 1)..High~Core Requirement T b
2) High Time Reauirement ,_hb;t_,_m_ﬂa_“__
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CASE V: " EPS Power Bus Loading Bus Overload Nalfunct1ons._ Forty-one Discrete
Variable Ma1funct1ons :
(. entER ) ;
NORMAL BUS P | '
LOADING CALC. iy




F-398-8-A

DATE

3/23/73 : THE SINGER COMPANY f PAGE NO.
S IMULAT ION PRODUCTS DIVISION

3-7

REV.

BINGHAMTON, NEW YORK ‘ REP. NO.

_5 Executable 2

CASE VI: EPS Power Bus Loading Bus Overload Nalfunct1ons. Five Multiple

Var1ab1e Ma]funct1ons

NORMAL BUS e T

5 Executable -

A
LOAD(MPBL1) = LOAD(MPBL1) + EMPBLI
I

i

_LOAD(MPEL2) = LOAD(MPBLZ) + EMPRL2 i

-

LOAD(MPBL3) + EMPBL3
-

LOAD (MPBL3)

[T C e e e T e e

2. | LOAD(MPBLA) = LOAD(MPBLA) + EMPBLA

!

LOAD(MPBL5) + EMPBLS !

|

P (A f-*[_EOAD(MPBLS) ;
iy - C : i |

CONTINUE

LOADING CALC. L ST

5 Executable -
. L 5 Executab]eyn
1 uf/r—— -

- 5 Exécutab]e L
1 e//r__ L

. Executab1e.u 3
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Core Summary:

Time Summaryf

Advantages:

Disadvantages:
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10

Best:

Total
60

Executable
N 50

25 X1 X 1.5
t: 50 X 1 X 1.5
25 X1 X 1.5

37.5 /kS
7.5 /LS
37.5 /LS

1t

nal:

Lower Core (128 Bytes saved)

Bytes

240

Lower Time (360 .S worst case, 213 /45 best case)

Only 5 buses can be ma]functioned at one time:

(however, this meets the instructor's requirements).
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 3.1.2 Techniques.of Manual Insertion
Malfunctions may be manually entered into the simu]ation orobiem~
,‘in one of two ways. |
;Vse1eCted, an available line on the page be selected, the malfunction symbo]l
entered along with the value to be inserted into the malfunction term.
Ma]funct1ons may also be entered into the simulation orob]em by using the

CRT keyboard. (1.e.,

By using procedures similar to "Look and Enter
) 'vdepression of function key, entry of symbtolic name, entry of value), ma]q
7functions may. be enteredeithout‘se]ecting the malfunction page.
B 3 1.3 Ma]funct1on D1sp1ay Methods B :
' f ' _~ Act1ve malfunctions in the s1mu1ator may be v1ewed at any time
' fﬂby one of two methods. The first is. by se]ect1ng the ma]funct1on page.

»The second method 1nvo1ves se]ect1ng the act1ve ma]funct1on and tripped

~§circuit breaker' page.

RS- PR C e e

:,hgma1funct1ons, and the1r current va]ue

3 1.4 Pre- Proqrammed Ma]funct1ons I 'JLQ..L;ii“iftt§f;..;f"'

-0

or of variable veh1c1e f11ght c0nd1t1ons has required the NASA 1nstructor
to concentrate h1s attention on perform1ng tasks wh1ch cou]d be re]egated

"' to the computer. Having the computer pre- programmed to insert and/or change

- those tasks the computer cannot hand]e such as tra1nee response and per-

formance The insertion of malfunctions through the use of a dedicated

" CRT page entry, s1m11ar to the existing Skylab simulation ma]funct1on

The automated

i,

techn1que may be accompllshed at any time in real t1me mode

PRPSTRN - e ey PR [

TN

The first method reguires that the malfunction page be

: Both pages will present a 11st.of all current active

~The 1nsert1on and contro] of simulated malfunctions of eou]oment ,'

ge st

’operat1nq cond1t1ons w111 free -the 1nstructor to concentrate h1s efforts on ;1;"
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technique may be used to insert, display, or delete any malfunction or data
bése parameter by the use of pre-programmed software modules. The modules
may be activated or deactivated by the instructor in real time. Display  «
detiées (CRT digital, graphics, X-T recorders, X-Y recorders) and audiot
cues may be activated by the use of the pre-proqrammed modules.

| Use of.this technique will allow the instructor to brep]an his
ma]fuhction study program and to present identical training situations to
all students. The technique also frees the instructor from having to do
repetitious kéybdard entry whiéh,'through human error, could 1eéd to

destiuction of the training plan and computer schedule.

[ . . . s - - B
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3.2 F]wght Software Conceptual Design

In order to ma1nta1n the integrity of the discussion of f]]ght hardware/
software, the flight software conceptual design is covered in the Hardware
Conceptual Design report. Interfacing systems are covered in this report under

Main Engines and Guidance, Navigation and Control.
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3 Applications Software Conceptual Design

3.1 . Power Systems

3.1.7  Electrical Pover Subsystem T T E

The Electrical Power Subsystem may be generaTTy d1v1ded 1nto s1x probTem

'areas.requ1r1ng math models. These are power 1nterface sw1tch1ng Tog1c, bus :

"hauing distinct requirements for simulation. These are the DC subsystem, the

Joading, power generation and storage, power distribution, and control and . ...

display. For the shuttle vehicle there are three types of electrical power

-single phase AC subsystem, and the three phase AC subsystem. Each of these

subsystems interface with the others through eTectr1caT loads or by prov1d1ng

u power sources. The concept presented here descr1pes the subsystems separate]y o

,.w1th 1nterfac1ng parameters between subsystems. ”;A};:;;.“ MQ ,,;"“n,cﬂ

F.gure 3.3.1. T T shows the proposed qroups of equat1ons requ1red for the

‘ DC subsystem network. The DC subsystem “has fue] ceTTs, batter1es, and transformer—'

4,rect1f1ers supplying power to three main DC buses, two battery buses, two

'jessent1a1 control buses, and two sequencer buses. ' Because of manunct1on .

"cons1d rat1on, the t1e bus must aTso be considered as a Toad bus

The transformer rectifier equations provide the output voTtage from each

-.unit as a function of the electrical load current. A power available booTean coe

'fw1]] be made ava11ab1e by the s1ngTe phase AC subsystem for each transformer-

”rect1f1er and, in turn, each transformer- rectifier w1T] calculate eTectr1caT

-.loads for the sing]e phase AC subsystem. Load sharing will be accomp11shed by

'm?yarying the T-R outputAVOTtage as a tunction‘ot the eTectricaT Toad;' Curve fits'

,;to test data will be used for this function. Heat generated by the T-R unlt

- will be calculated for the ECS Subsystem and ECS w111 caTcuTate the unat temperaturo

(1) T R Output voTtage
= £(1

ETR' TR) current and tenperature T1m1ted function.

{
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(2) T-R Heat generated .
Qg = F(Eppalyp EFF) |
~The power 10ad1ng oqaat1ons prov1oe summations of all t]ec+r1ca] Toads
on the CC buses. Individual loads be]ow 3 vatts are nand]ed}as a gross load
under control of the instructor. So that variations in loads under different
-voltages can ba accounted for, a stra1ght line curve f]t is computed to ca]cu]ate-

the Joad as a function of the bus vo]tage

(3) Electrical Load summation.. -trﬂau - L ... .;ff:7

:EPLMSI ;- LOéds:{ Kvo]tage curre .
]1;'- ~wﬁere ETé,= Vo]tage of Transformer Rectifier un1t VV'AN
| o --iTR = Current out of Transformer Rectifier unit_
Qg = Heat generated in Transformer Rectifier unit  " o s
Eff = Efficiency.of unit - | | ) . h
1 PLﬁBi = Load in main bus 1

‘K'= Coefficient of.slope of vo1tage/power'curve
The power generat1on equat]ons ca]cu]ate the vo]tages of the storage
batteries and the fuel cells and the heat and water by- products
(4) Battery Vo]tage

Bsoc = F(BsocoBremp EFF> Ig) T
Eg = T(BscsBrerpoTp) ' | |

(5) Battery Heat generated

Qg = F(I5,Eff)

- .F(B

(6) Charger Hzat generated
Qg = FUIGHEFF) |
where: Bc,. = Battery state cf charge

BTFHO = Battery temperature
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Eff = Efficiency of battery current conVersion

Pt
i

. Current out of battery

m
i

B Battery terminal voltage
QB = Battery hect generated by current flow

QC = Charger heat generated by current flow
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The generation of power by the fuel ce]]s requires that the 1nlet conditions
of reactants be tightly controlled. Simulation of the oxygen and hydrogen supply
also requires modeling the gaseous n1trogen pressurant supply. In Figure 3.3.1.1.2
a general flowchart of the software interfaces is shown. The valve and control
logic equations model the real world system response to crew station switch and
circuit breaker position with electrical power ava1]ab1e. D1sp]ay parameters are .
oenerated for valve repeater flag states. A .,“ : _5.'v .

Valve position is used by the N1troqen System equations to calculate the
oressure exerted on the cryogen1c liquids. The heat absorbed by the two co]d -

. fluids will be used to calculate the volume of liquid and volume_of gas in the.
cryogenic tanks. A heat balance model will be developed for the exchange of heat/
ttemperature‘with the ECS subsysten. Gaseousroxygen usage wi}1<be sdmu1ated forithe,
atmospheric model simulation of ECS. Refer.to Section 3.3.7.3 for the method of .

~simulation of conduct1ve and rad1at1ve heating. N d%“'
R The usage of “oxygen and hydrogen w111 be computed by emp1r1ca1 formuia T

x T 1bs/hr L

| ‘ ._;.: S e 02 = .K] . . ’:’“" G , -
e ”_f‘[" T H2 = K2 % I 1bs/hrs. ﬂ’j"" ,ﬁf%? : i w i'“ ;
where 02'; o;ygen'nass f]ow rate'-.'“;T:f?‘_f:;:;fE: )
o H2 = hydrogen mass flow rate ~;T ';
T Ky K2 = emp1r1ca1 constants d'“% I )
: B "'I. frelectr1ca1 current ‘ .“’ i:ﬁ-;tﬂ<i‘ T

[

Tne e1ectrica1 potential will be reduced by a 1ower n1trogen pressure

* differential than nominal for the cell. In add1t1on the e1ectr1ca1 potential w111

- be increased with increasing operating temperature. Both of the_functions wi]] be

curve fitted approximations to performance data. e e T

i
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The power distribution equations will calculate the.voltage of each

; major bus and the currents to or from the bus.

The mathematical approach is the

This method

{ nodal analysis method which was used on the Skylab Simulator.

-i gives an explicit solution to the bus vthage calculations. Using the bus

-1 { voltages it is then possible to calculate all interbus currents from the o

' vo1tage differential and the conductance. IR ' SRR

_ The general form of the nodal equat1on so]ut1on is in the form

i TR '““"“‘"‘““f"E' =FZV'G b e - ——em - — ¥
- G . e - e e
. . I
o where: E = Node voltage
e - V = driving source voltage S
o "G = Conductance in nodal network
;?T:;t:‘.':?“,i:::““’\—c.g‘rv;" R S Nd TR N T T T I A L SIS el “,’._.,_‘:.‘. “_."'“ ".T'J’.’.’L".i ’.!....; s J ?f‘:n‘-"z:'r_?.t:..:: P "p e %3 1,.. S
PSRt s U S SIS SO SNS T 54 O PR TE A LA SENS S0 S RTis S
Figure 3.3.1.1.3 shows the proposed groups of equat1ons requ1red for
1 the s1mu1at1on of the single phase AC subsystem network. T S

"~ The power sources for this network are the Air Breath1ng Engine generators,

3 ‘the APU generators, and the GSE power For the purposes of s1mu1at1on, the

:? -loads are assumed to have an overall power factor of 1.0. It is also assumed
'z that the generators cannot be brought 1nto sync for load sharing between units.
; ) The Air Breathing Eng1ne generator equat1ons g1ve the output frequency;;‘ ;
-as a function of the generator rpm. The voltage output of the generator will ‘
e St T I e e g T LT LT e e e U
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Breath1ng Engine except that both frequency and voTtage may be controlled by

i maJor bus and the tota] Toad on each source generator “Under the assumpt1ons -

.be a function of both rpm and the power load. Since the frequency is not.

displayed but is probably supplied to Caution and Warning as an out of tolerance
condition, only a boolean expressing the trequency condition will be generatedf

E

1]

AB f(rpm, load) | . oL

W

AB f(rpm) : S J.;'. : e

The generators driven by the APU are bas1ca]1y the same as the A1r

the generator control unit through speed and field control.

Eppy = f(rpm, Toad)

e e e
: : P

Moy flrpm) . - ;e”;

' The GSE power interface will be by instructor control for simulating

‘ ﬁating cab]e conhections and‘fdr’power'souhce supply ucltage and power.

The SWItCthg logic equations caTcuTate the state of the power contro]

s Chla el e s R T

- re]ays as a function of crew sw1tch c1rcu1t breaker pos1t1on and up- T1nk

- commands. " The swytch state 1s pr0v1ded to the power distribution program o T

-

-establish path conductances . ,,;_snéeaige;f ,_v;.“;.;“_ L 'm.t

i The bus 10ad1ng equat1ons provide summat1ons of all eTectr1caT Toads on

the 5‘”918 phase AC buses. Small loads below 3 watts are to be handled as a |

, compos1te load’ variable by instructor control. = _° -; e tfvewcmi_”'

’:~i The power distribution equat]ons will calculate the voTtage of each

_that the power factor for the overall Toads is 1.0 and the generater cannot be

©-in sync, the solution reduces to the equation:

o
0
L=
m
9]
]
i
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where: E = Bus voltage.
'V = Source voltage '
G = line conductance, source to bus

G, = load conductance

]..
P = Power consumed

The Control and Display equations use the booleans generated by the DC

Caution and Warning, and telemetry programs.

. : - ch e .
.\ .\.{ 7, Voot .
wJu-c"n PR R ApAER e A %M“'-‘-—ﬁ:g%i&ﬂw“"“’“?’» "“"‘*"’3:““' w0 FASR AN 2

Mooyt

of the three phase AC subsystem The subsystem s1mu1at1on 1s very s1m1]ar to B

L

_the single phase subsystem w1th one significant difference.  Loss of a single |

Jphase subsystem the two support1ng buses will ref]ect 1ncreased 1oad1ng
| For s1mu1at1on purposes the 1oads on each 1eg are assumed to have an Q
overa]] power factor of 1.0. For the three phased subsystem, it is. assumed that
'the un1ts sync 1mmed1ate1y from the master sync line of the se]ected unit.
| B The sources of three phase power are the four ctat1c 1nverters, each
capable of supp]y1ng the master sync and three phase power Each inverter may
be connected to a max1mum of two bus sets It 1s assumed that an 1nverter will
' fa11 safe on loss of the 1nput sync s1gna1 A boo]ean w1]1 be generated for R

a frequcncy out of to]erance condition if requ1red by the Caut1on and Warn1ng or’

of the leg load.

'EINV(\,B C) f(]oad) - ..H}hf; Zh sl e .

Figure 3 3.1. 1. 4 shows the genera1 equat1on groups, requ1red for s1mu1at1on
- W !

control and display equations to condition parameters for crew display, . L

'phase will not cause4shutdown of the equipment in the three‘phase subsystem as

it would do in the s1ng1e phase subsystem " Where one phase is out in the three . -

Telemetry programs. The output vo]tage,on each_]eg of the jnverter is a function

_—
xd
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‘The bus Toading equatfons'suppTy a sumnation of the Toads on each bus
ATeg; The switching logic equations calculate the switch and relay state based
on sw1tch, circuit breaker, and up-link conmand Toglc
. The power distribution equations will caTcuTate the voTtage of each maJor
bus. ~and the load on each inverter unit. Under the assumptions stated, the

power d1str1but10n equations reduce to:
V.G, +V,G,
171 272
Eausa = G766 “Y pical)

P o ',__ _ . - . ‘
- TBUSA / (V] EBUSA)G ; (Typical)
i;;;;ftﬂe uheres. Egusa = Bus voltage (Phase A shown)

) VT = Inverter # VoTtage (Phase A)

V, = Inverter #2 Voltage (Phase A) o
T*G] = Line conductance, inverter 1 to bus. 3 o
G, = Ldne conductance, inverter 2 to bus . -

'eflf'G Load conductance, Phase A. v
f; ;4‘;;-;sh "'h.&u'PiBUSA .Eower to Bus A fron 1nverter 1, Phase A
| The control and display equations to be used by the three phase subsystemhl‘
are comb1ned with the single phase subsystem outputs The reason is onTy one
crew stat1on d1sp1ay is prov1ded for the AC voTtages L A |
‘ The computer will prov1de contro] over c1rcu1t breakers durlng per1ods‘A“
"'of simu]ated h1gh currents. Upon calculation of an overcurrentvof |50m of the-'
c1rcu1t breaker rating, the circuit breaker will be set open. The circuit'breaker
controT routine of the control and d1sp1ay equat1ons will aTso prov1de s1mu1ated

- defective circuit breakers which canrot be reset and'hon‘ Manunct1ons w111

: aTso be prOV1ded for intermittent shorts caus1ng c1rcu1t breaker open1ng

ot
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The equations of the EPS simulation will be‘repeated for each unit either
by programmed loops or repetitive equations, whichever design uses the least
-amount of time and core. The required malfunctions for the EPS'simulation_will

"be designed into the equations for minimum computer impact. N :: [

t
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~3.3.1.2 Auxiliary Power Unit Subsystcm

The Aux111arv Power Unit J1mu1at1on will be d1v1ded 1nto Six bas1c

ARSI P SR,

B A -
s L b

B

L. ,,_L T

-areas of equaticns. See Figure 3.3. 1 2. These mathemat1ca] representat1ons of

the real world system could be wr1tten in eng1neer1ng equations which may be
der1ved. Engineering equations are norma]]y required for simulation where

“systems are high]y instrumented. At present, however, the crew has minimum

”‘ contro]s and d1so]ays re]at1nq to the APU operat1on AT contro] inputs
' apparent]y actuate automatic sequencer logic for both start up and shutdown -

o of the turbmec Since the crew also has minimum displays, rea11st1c functional

:.equat1ons wwl] be wr1tten to generate the requ1red d1ap1ay parameters with a o
L m1n1mum impact on computer time and core loading. e

-The shaft loading equat1ons w111 calculate the mechan1cas lcad>:on the

'"‘, M‘*J'

3‘Z’turb1ne eng1ne Inputs to the program w111 be prov1ded by the Hydrua1jc ojstem

-and the Electrical Power System. The 1oad1ng equat1ons are to 1nc1ude the ..:. =

effect of friction and w1ndage and the 1ube pump 1oad

PP -~v~.4 foe e
. . i

‘ ;,Ls,f (LH +.LE.+ LLP + L \/K N .
where L = Shaft Joad on turbine 7';'¥:ffffff'>vjf;*Afi;;
R : 'LHi: S Hydrau11c Toads | ‘ ” T
s Lg = Electrical loads . B . "
- . = ‘ : 1 A - . e l,,h : l ,":'__
Lip Lube pump loads 3 | -
‘ Lk" = Friction and windage loads ~~.. oo
: '@;:f ' pr o Kefs = Mechanical efficiency c L

The control logic equations are to provide simulation of valve state

as

the result of crew switch and circuit breakeh inputs.

to be incorporataed only where the response would be detected by the crew.

- - AT . - [ - . et epeiiesi gl

‘Timing .delays are
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VST R

The PL11um pressur1zat1on s1mu1at1ons will calculate the amount of s

Reikbahihoieg
helium (pressure, temperature, mass) in the pressurization bott1es and the
pressure in the hydrazine tank. The gaseous volume and gas pressure will be

" calculated using the fuel quantity remaining in the hydrazine tank.

Vy, = Vo =V

F

Volume of helium SRR e “~%*“;:;;““

]

My

where Vy

. :",;%}';Jﬂ,,,_i : : . HEN R N
Vo = Volume of fuel tank - pgg§tant

<<
1]

Vo]ume of fue] [ RS

e » PH = Pressure of helium :

" L MH = Mass of helium - | : ) S
R L Universal gas constant oy Lov
—e Ty = Temperature of helium - ”_“f e | ’?: -

. "andd _:.,_,:.“;i..ﬁi : g_:_,". o T'J.Tg jié;~7257.' :ad A’:;.i
- D ot e o i Dnllewl ,

X
.o
]

Pp =M

V07T M. = Mass of helium - originally in tank;:constant L :"f

e e e capese ot -0 - - . -

© -4 . . Py, = Pressure of helium - high pressure'tank

iifii%"7 '5fv{7 1VHP‘£ Vo]ume of h1gh pressure he11um tank - constant ﬁwfii]Qi“

__The fue] equations w111 prov1de not on]y the fuel quant1ty 1ntegrat1on

but the supply pressure to the gas generator. These squations are to take 1nto

account valving between the fuel tanks and the gas genenator. ~"‘ .
;‘ ) ‘ ' . "l‘ . . . .

f : :

- : L - o MT{ B £ hatil

S THR T THe HP/VHP - f ‘*-“" TR ST S

R TR FE O b e e edirals Dlag ol

-t - where M o = Mass of helium in h1gh pressure tank - 5 o el

Tup = Temperature of helium - high pressure'tank [
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t
i
'
‘
|
t

‘
SRS S,

e e en

¢ S S U SOV S ST S S A S il
- ~—-yj'-.—~;'-~~~*,~~-—-:~-— P e s e oo :*:" - 'f"‘r"‘ - ‘: Y T “‘5"’*""' It At **'*":‘---“ (ad
B = f(G. Po.L_ . R S S W S
P -“"‘pm "(G, Fy s,is) e et R S R S I
. i ’ 13 : . - ' f P ¢ . ; i P : i .

N S U UV U OO S VRO AP0 AV SO SOOI VO L SO SV SR NSRRI
Sy 4+ & : where R__ = Turbine R ' S N A
T P o 11 . Spmo o ,, e e «‘ e
P co S s

S S SO SO S ts.,= time from start-up or t1me from start of shutdown
IR R '

:f";"'“’From these groups of equat1ons, parameters s1mu1at1ng the actua] system

“Electr1ca1 Power System for crew Stat1on display, for 1nput to the Caut1on .and
”warn1ng System or for input to the Telemetry Mu1t1p1exer Program The equat1ons

:”4'w111 be repeated for each aux111ary power un1t e1ther by proqrammed ]OOPS or

QF = QF - QC ' : . .A;w....; e ,..j . x e - -;-.«..f. .-‘W. v.-u,... - et

P e e e be e e wmemens s -

' where PF~= Pressure of fuel on gas generator o

i
LD
-
I

)

)
n .
.

= Fue] quant1ty consumed 'f"‘ : ;' a ?“‘“",".-“i

.. <

. The gas generator equat1ons will include 1og1c and funct1ona1 transforms
‘simulating the generation of gas. The gas generator equations will include
cond1t1ona1 parameters for va]ve state to the turblne engine contro] valves o

E]ectr1ca1 power usage w111 be ca1cu1ated for EPS bus 1oad1no

. : ) . . HE [ )

o _s.._,',w. — = s e e e b b e i-..._.i_;s;.,«_:.. .

speed exhaust temperature and fue1 consumpt1on rate based on the shaft 1oads

v - ...._... - A‘, B s

b e
. At

Power ava11ab1e boo]eans are a]so to be prov1ded to. the subsystems of E1ectr1ca1

Power and Hydrau]wc Power -Start up and shutdown sequences are~to be.funct1ona11y

P SNV AP SO RSO SRS S LSO SRVNQ IO URISUPS. S50 VIS

s1mu1ated R R S R A Dok

¢ H 3 H - . i . o v '

tate wd]] be conditioned u51ng sensor and d1sp1ay 1og1c boo]eans from the Amf'TTM

v i - -
l ( . i
} . 3 ] .
t . +
i i - N i L - ==t - - + o ~ 4". | S
i - : i , s ! !
+ e - 0 ' . - ! i —- - iu-_ .
' H
P N t
' ' ' { |
N - - : - - - —

= Fuel quant1ty rema1n1ng e }»»¢u<j~<}ﬂain-» R

! ‘ Hs ; : : ! . ! 1 o . )
.. where G, = Gas generation Cow ST R !
[ P . e e e D e J R YO S SN DU
) ’ { [N St B i . :' . f‘ I . R i ) !
o ooty = Heater Warm-up t1me JRE O N SR AR T S S
. Lo ; . . : ' o i S ;
- The turb1ne eng1ne equat1ons w111 ca1cu1ate the funct1ona1 eng1ne
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by repetitive equations, whichever requires the least amount of computer time
and core. Required malfunctions for the APU are to be designed into the
simulation for minimum computer impact.
; T R i : - ?
- \ - .} . R - N . -
i LA } . ‘l i .
o . ; NS : ;! ~ , P
i i N IS LTS £ A e
S .t R . . LT e - J A
RN 5 3
PR, - 4 s - e den ——n
S G i:‘ R P e = ek -
: e g 3 T s
RS M S * (g .
T S R R ) R :
; i L Lo !
B ‘ . ; . { '
) ) e T i Tl N RO
f - 4 b ‘ ! ‘T-" ' . i
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" 3.3.1.3 Hydraulic Pover Subsystem
"va'_' The Hydraulic Power Subsystem w111abe:§?y1ded 1nto»TouribTocks
~of generally related equations for simulation purposes. F1gure 3. 3 T 3 shows :'
~the interfaces of these equation groups. The mathematical equations used
as representative of the reaT,worTo system'CQqu be derived engineering
| functions, however, the crew station contro]sjand displays are mintmaT.
At present, the crew d1sp1ays are limited to hydraulic fluid temperature

. and quant1ty, Caut1on and Warning d1sp1ays relate to h1gh and Tow f1u1d

ﬁsmtemperature, Tow f1u1d guantity, and Tow pressure. Realistic functlonaT ,;; {;,f
‘b“equations wiTT be written to generate the required display-parameters - .t

w1thout an excess1ve computer t1me requ1rement e . o Lol Lo

. . - 3 .
— e e Cee S e g s e

Two of the hydrau11c power us1ng subsystems Aerodynamsc ContrOI

Surfaces and Thrust Vector ControT, requ1re large quant1t1es of f1u1d ' e

A Interface tequ1rements, as the resu]t of the servo 100p hydrau11c system, ‘

d1ctate that the Hydrau11c System s1mu]at1on of Toad versus power run at . ;;;;1~§

the same 1terat1on rate as these subsystems (or twenty to ten 1Lerat1ons ;A\<;gff,§“

per second)‘ Th‘s requ1rement, in add1t1on to the m1n1mum d1sp1ay§,—ﬁ~“

[PV O RS

Just1f1es the funct1ona] approach to 51muTat1on of this system. . 5;m¥f R

‘j7'?*:; The loading equations will calculate the summat1on of the fTu1d
"f flow from the four ma1n supply T1nes. The program w111 aTso caTcuTate'
flow from the main supp]y T1nes to the two accumu]ators These f1u1d fTow
E“ and the accumulator equat1ons The Toad request parameters are to be qenerated
};:by the using systems for eTevons, rudder-speed brake, ma1n engine TVC eng1ne_i~wf
controTs, OMS TVC SPM TVC gear upTocl, gear den]oyment/retract1on wheeT X j;f

e PR SV NP S

braP1ng, steer1ng, RCS door operat1on, and pav]oad bay doors.

. * : S |
o s . [T

PR S PR JE U R J N

summat1ons form Toad request parameters for the pump reservo1r equat1ons ’*%i%j(f“
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' f accumu]ator pressure

[ FEH 3+ H

Where HL hydwau11c Toad on supply main-gpm | B . o '.Z

H,, = 1nd1v1dua] load requests.

LY, L2 e : -

‘The accumuTator equations'wiTT simulate the stored power by calculating

.:H

.ia Toad response factor for all units that use accumu]ator hydrau11” pressure
4iTh1s load response factor is a function of the mass, temperature, and volume
"*occup1ed~by-the entrapped gas. -The volume occupied by the gas will be calculated
'A}by a summat1on of hydrau11c f1u1d usage and resunp]v for the accumuTator Load
;uirequests will be generated by the equat1ons for use in the Toad1ng equat1ons :
-1as hydraulic fTu1d is used from the accumulator. SRR ;fﬁ:%y~‘~‘j~-3 -f-~j—-~»~'

The T1m1t of the pressure w1th1n the accumulator is set by the hvdrauT1c

- - - e - f - - -y

supfﬂy R T G EL e

"G Mg RTg/ Pe o - o G

Where P. = Pressure on accumuTator gas or hydrau]1c pressure 1f 1t exceeds 1nterna]

G

o ke St Bl e e e e e e et il e panes a2 mia eme s i

O IO - A e

Mass of gas in accumuTator I N R . T

?3
n

G ,
e, -~Té = Temperature of gas in accumuTator - T L S LAY ST TR
. o . . oy L - . . . § L i
: Vg = Volume of gas in accumuTator B 7""}";37757§ [P
3 Mo D VU PO QU St . L N

Un1versaT Gas Constant L L

LR
ll

- - e el RO .,e,:.-.; - ....4.,,_.,.,. -

The voTume occun1ed by the gas 1s the voTume of the accumuTator tank less the -

. » el e e - .y_,._.,..e._.“- +....‘ T e ,.,'... .'..,'.4. :.:..'-_
voTume of hydrau]1c f1u1d o “v-.f+;.ﬁ~l" ‘~u;a,; R
. - ale b e e DR RS TR S P GO Lo ,.,-"_‘-;,.. A P t ‘;:'."-’: ot it Rr f
. L= - e R
A, [ERI __'... . . ,V_G VT VH . - ¢ R :'.' - T --.:‘...w . PR ..4...... '.'.,....?:.

Hhere VT = Accumulator tank vo]ume B ~'¥Q:q§ —;-!{~l§ :?*;;r' éli-ft

v, = Vo]ume of hydrau11c fTu1d in the accumuTator

H

f. Dur1ng the expanSTOn cyc]e the pressure in the accumu]ator is expressed by

e Pe =M R Te/Vg : RS
. . - : - N e - el
s S . L T DI I
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The pump-reservoir equations_are to ‘simulate the-four'sources of power
"'to each manifo]d supp1y pipe. The pumps are the two APU gear pumns, the ABPS
gear pump,.and the AC driven’circu1ation gear pump. Simulation logic will be
';incorporated'to prevent back flow into these pumps where check valves exist.
.ARe11ef and by-pass valves uill be logically represented for equation usage.
. A summation of total pump capability will be made to furnish a load response
factor for using subsystems based on load request.- Reservoir quantity will be
"ca]cu1ated from a summatien of qump usage-return f]uids to the reseruoir.
Dur1ng s1mu1at1oq in rea] time, the load response factor will allow
:us1ng subsystems to react in a- rea]1st1c maneuver when an hydrau]xc flow (qrh:
‘1oad) request is made which exceeds the caoabi11ty of the nump (or pumps)
"on Tine to supp1y the volume of fluid requested at the desqu pressure | IR
The t1me response of systems is computed by a 1oad response factor or

.eja factor express1ng the percentage of the requested 1oad that was sunp11ed by

‘ﬂover]oaded pumps. _l;: . 3:“:u~seq~f-;sj~~:Tnlt~.3d:l;4f;.,m, wéi-:_ o
l,-n4:A);{}.j ’ :';% l Ak_ i ’ N ) y D ) - e
_ He =7 (HLj Hp) | | | )
B e T A T
. He = (L) ] e o
. YW o .

| :“;Nherelthe hydrau]ie‘lqad HL is 1ess than the total pump caoab111ty on the ’
'fmanifo1d the response factor HF will be set to 1 0 If the 1oad request

jffexceeds the pumping capab111ty, the hydrau11c load response factor is ca]cu]ated.“
_‘by d1v1d1ng the total requested hydrau11c 1oad by the pumq1ng capab111ty Each
jus1ng subsystem may then calculate the percentage of motion ach1eved at the 1ow

volume flow and then recalculate a new hydraulic 1oad‘request.'

fF-358.8-A
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_-A.heat 1oad is to be calculated for heat baiance equatton usage to
determine the temperature of the hydraulic fluid. The calculation of temoerature
of the hydraulic fluid will take into account coolant valve positions as the
result of crew switch, circuit breaker, and electrical power conditionsr
‘Interface parameters of heat load on the water boiler heat exchanger will be

'ca]cu]ated for use by the ECS Subsystem s1mu1at1on The ECS_Subsystem w111

o ey g 3 - Bosfud :
R et (R _.v-.‘m.,._h~ N

calculate a return fluid temperature for use bv the heat balance eouatwons

The heat added to the hydraulic fluid is calculated by the amount of

-»"h." R NI DT

. ‘*‘A-*—? tem -~
worb or, e]ectr1c energy added
»Q £ (1) + H'E L e
= heat added . . oL 'fhf'a“

Where Q

"W = work done on hydraulic fluid

"

e = electrical energy’ added v AR f’f’i}-;?

-From these groups of equations, parameters s1mu1at1ng the a tuaT system

sps “ b EXY
Zeii? il A .._,, o .uh.-. Ay L..x..-.,_s.»..x... ac.‘ ey

“¢a ] Power System for crew stat1on d1sp1ay, for 1nput to the Caut1on and warn1no Sub-

'—-', LRYY < N "
ystem, or for 1nput t
~~~~~~ -w-':-”.:'r i "";n» IR Tipey

w111 be reoeated for each hydrau11c oumn and man1fo1d supp]y p1pe,-e1ther by

programmed Toops or by reoet1t1ve equations, wh1chever requ1res the Teast amount

of computer time and core. Requ1red malfunctions for the Hydrau]1c System are to

. 4be desqued 1nto tne swmu]at1on for minimum computer 1moact

" Heat ba]ance, sensor, signal conditioning, and temperature Ca1cu1at1ons

will be accomplished on an iteration rate of five or two per second by internal

program logic.

state w111.be cond1t1oned us1ng sensor and d1solay 1oq1c boo]eans from the E]ectri-
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3.3.2 Propulsion System
313:2.1 Ma1n Engine Subsystem : - N"fiﬂi;; P ‘v '_; .f:”r ‘
The presentation of the conceptua] design of the Shuttie Main Engine
simolat1on is divided into sections as shown in Figure 3.3.2.1. The prob]ems
»that are to be encountered in the des1gn of the program are first discussed. B
_ The Main Engine simulation using a functional mode] is then d1scussed The -

F-398.8-A

next discussion'concerns the simulation technique that could be used for the CoT

‘oontroller mode]

a funct1ona] approach

first us1ng the f11ght software program and second]y us1ng

T o Main Engine T ';
im i : ’  ‘Subsystem a ; ;? G )
e i g 3.3.21 . | b b e, -
vy ' ) .
o T AR Problem i
, N Definition
- — - - —e ? . - - - e
~Main Ehgine. - Main Engine | R .
S1mu1at1on Concept€‘ o ' Coﬁtro]ler Simulation . -
L :- R B Concept # 1 ~ Concept # 2
T ~~v—§e+?- SR : [Flight Software - -Functional -
] T "' simulation Simulation
. e - e b e - i : - — ;}; .
) L F1gure 3.3. 2 1 i» ) ) L B )
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‘change are the main engine and the solid rocket motors.

Vdata computat1on rate d1fferences and t1me response of the system caused by the

~interfacing computer un1ts.

Problem Definition

| The real time simulation of the main engine system during nominal boost
phase.must be accomplished with a ftdelity that results in the time and‘conditiohs
of orbital entry being a]mostvexactly the same as -the expected flight trajectory
data. Ohe of the nominal flight profile requirements which impacts the simu]ation>

method is the ¥ 0.5 second accuracy in time of burn from 1iftoff to orbital inser-

tion. To achieve the time requirement dictates that both engine thrust and vehic]e‘_‘

mass be accurately modeled. The two main contributing systems to thrust and mass

'~ The simulation of the main engine contro]]er and it's interfaces with -the

main engine and the GNC computer may be approached by using e1ther a functional

contro]]er mode1 or by using ded1cated computers capabie of acce3t1ng the f11gnt o

computer software The greatest problem to be overcome by e1tner approach is the

GNC | Commands “"b. Interface Commands =~ ° Main
» Computer Simulation
Computer Data (Controller) | Data ' Computer
System Flags ; ¥ Malfunctions (Main Engine)

Figure 3.3.2.1-1 . ufcﬁf el
-The 1nterface/t1me response problem is one of having computer programs

w1th d1fferent bas1c interation rate cyc]es The GNC computer has a bas1c rate

of 25 cps; the contro]]er computer has 200 Cps 100 cps 50 cps, 25 cps, and 1ower,

and ‘the main engine computation has 20 cps and lower. The low rate date requirements .

below 20 cps present no particular problem to the main computer, howeverithe 25 cps
to 200 cps present major interface problems. Simulation of engine data 1n a func- .

t1ona1 model at rates of 50 and 100 samp]es per second is proh1b1t1ve on the main

1
B
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Computer time. R S --~:A P

In the contro]]er computer flight software program,‘command response
compar1son tests are conducted against 1nterna11y calculated 'values for eng1ne '
" chamber pressure data and engine contro] valve actuat1on pos1t1on at high data
samp]e rates - If in the comparison the parameter is out of tolerance by com- .
parison to the expected calculated valve, the software program will initiate a
program to test three samp]es of the parameter at a rate of 200 samp]es/second
» If the three samp]es are out-of- to]erance e1ther eng1ne 11m1t shutdown or other

correct1ve action will be taken by the contro]]er f--.-~;'~§,~if ;* : ~f

T The conceptua] des1gn for s1mu1at1on of the SSME is based on 1nterface

_ requ1rements w1th, and determ1ned by, the main eng11e contro]]er computers “The

-main engine controllers are requ1red to perform the fo]]ow1ng funct10ns in regard

B T Tt TR e, cer e e e

to. 1nterfac1ng w1th -the -main eng1nes . f"".", o : ;
o o

,A{ Prov1de c]osed 1oop contro] at a rate of 50 t1mes per second (every 20
-~f‘i~r<~—m11]15econds)~for start,vshutdown, and mainstage control. - e

~- B. "Provide output e]ectron1cs to command the eng1nes proportiona1 actuators,

¥

o so]eno1d cor]s, and spark 1gn1ters

S C' Rece1ve and process main engine performance and operat1ona] status data
““The contro]]ers 1nterface w1th and prov1de s1gna] cond1t1on1ng, mu1t1-' o

p1ex1ng, and ana]og to d1g1tal convers1on for 77 sensor signals and 93

i
1

b

. D Prov1de bu11t -in test hardware and software programs to va11date the )

e e g ve s mroea gmemn POV, —

___avionics and engine system by conduct1ng automatic se]f tests every 20

S e m1111seconds, performing engine checkout on vehicle command, and per-

"~ forming engine limit monitoring. ;

_ - E. Monitor engine readiness .to start and provide an .engine ready signal

.- - bt E T 4 e - . BT P
E

- —y - D AN Cee ot e s eeme

) - ‘7 ,...,x,.' F O P .'.‘

vueuo~ﬁuw~—analog built-in test s1gna1s r»*~}«§~-f¢:i~~v ~r——;~+gftn<_ R
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to the vehic1e;
F. Control SSME system purges upoh vehic]e'command
A basic design requirement for the SSME simulation is to provide data

fromﬁhifhin tHe sfmu]atedrsystem to propér]y interface with the‘main enginé
controller. For the SMS the main engine controller may be simulated by the:usage-
of flight hardware, or a non—f]ight rated eaquivalent cbmmercia] computer; or a
'functiona1 simu]ation pérformed by softWére brogrémmed within the SMS hosf éomputef.
The sihu]ation intérface is determined by the enginé information which is processed
“through the input and output electronics (see Figure 3.3.2.1-2) of the main engine
cont%o11er.v Péfformance characteristics-of engine—iﬁterféce reqﬁiremeﬁts of thé _”

. controller are discussed in the following paragraphé. (Refer to Appendix for Tables

i
! =

" Reference.) T e R

"Thrust Control _';i;“:.-. { i o o

The controller proVides continuously variab]ebengiﬁe thrust control between
MPL and EPL as commanded by the vehicle. Thrust commands received from the vehicle
whiéHAexﬁeed EPL qéﬁse thrustrto‘be cdntrb]]éd at 109 bercenttﬁﬁLf. Thrﬁst cbmmand§ _
received from the vehicle which are less than MPL causé thrust to Be controlled at
MPL. The thrust control 1opp tonsists of controller Togic and driver circuits to
rece{bejalthtust ievel comnaﬁa from thevvéhic1e'aﬁé ﬁpéitfﬁﬁ:the fuel ofeburnér
.-oxidizer valve and the oxidizer preburner oxidizgr va]ye to achieve the commanded
fhrust level as determined from the main égmbustion chamber combustion pressure
ﬁeas&rements. THg cohtro]]er4proVides a computer yalﬁe froE‘fhe.fuel flowrate and
the oxidizer flowrate to be used as an alternate thrust measurement in the event
of thev1oss of the majin combustion chamber combustion pressure measurément. The
__thruéf control loop contains provisions for both fﬁe] preburner and oxidizef pré—
burner temperature control within the 1%mits specified in Table I, Temperature Limit
Control Range and MNominal Contfo] Point Va)ues. ‘Thé control isbenabled subseauent

to receiving a Limit Control Enable command from the vehicle and is disabled
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subsequent to rece1v1ng a Limit Contro] Inh1b1t comnand from the veh1r1e ’

Thrust Contro] Precision

-~ The controller contro1s eng1ne thrust to within plus or minus 6 OOO pound
force (3 s1gma prec1s1on) of the commanded va]ue ‘during steady -state operat1on and
dur1ng thrust thrott11ng where commanded thrust changes at rates equal to or .ess
than 7,000 pounds per second.- g-‘i I “;__} - 5 R

Thrust Level Change ) “3“'f"'" T “;"" o “‘“f;“‘f.»"'* K

The contro]]er is capab]e of accept1ng step comnands in thrust ]eve] from
the vehicle and provides rate limiting to limit engine thrust rate of change to .-
greater ‘than 120,000 pounds force per second and equa1 to or less than 7,000 pounds

_ force per 10 m1]11seconds o { _;4"5”_. .-;j';_ A ,: ”?llﬁlﬂ-i K

|- Scheduled Valves = - - - i‘;‘J"é;:f” i.iiuni u;‘.*sftgﬁé; l ;e,-:g-ui .

Schedu]e requiremcnts for va]ves, whose' pos1t1ons are to be scheduled as a

-”_funct1on of t1me, thrust or thrust reference are prov1ded by the contro11er

Mixture Ratio Control . ‘, o e e - ,“ e L __:__ ._r- _- . ‘ 5_,,.4. -

~ The contro]]er is capab]e of prov1d1ng cont1nuous1y var1ab1e oxygen/

, 'uhydrogen m1xture rat1o contro] as conmanded by the veh1c1e, for thrust 1eve]s

between MPL and EPL.- Mixture ratio commands received from the veh1c]e which exceed

6.5 cause m1xture ratio to be contro]]ed at 6.5. M1xture rat1o commands rece1ved O

‘h_from the veh1c1e wh1ch are 1ess than 5. 5 cause m1xture rat1o to be contro]]ed at :;“
-5 5.- The mixture ratio contro] 1oop cons1sts of controller logic and dr1ver -

it 'c1rcu1ts to receive commands from the veh1c1e and vary the m1xture ratio by pos1tton1ng
| of the fue] preburner ox1d1zer valve and the oxidizer preburner ox1d1zer valve, if

- necessary, using the fuel f]owrate and ox1d1zer flowrate for the primary method.of
mixture ratio determ1nat10n T T

. . : . A -
- e . Cme e e Cegle e - Sde e e B i TSR TC T P PR

Mixture Ratio Prec1s1on

B . - RPN ee e o

The controlier controls mixture ratio to within plus or minus 1 percent =~
.l o . - R . e

Y . e s

© F-398.8-A°
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(3 sigma precision) of the commanded value during the steady-state operation.

Actuator Position Control

The controller provides‘anaTog closed-1oop position control of modulating
propellant valve actuators. The controller models and monitors servovalve positions

for failure detection purposes.

Sensor Provisions
| The controller receives tr1pTe redundant 1nputs from sensors used in eng1ne
per.ormance control and perform1ng sensor fa11ure detect1on The controTTer also
~receives dual redundant inputs from sensors used in 11m1t detection and eno1ne redd1—
" ness checks and performs failure detect1on to ensure sensor fa1| operat1ona1 fa1Tsafe
performanco | | |

§park I3n1'er/Actuator/VaTve Provisions L ':5;1';" ‘TQF:Th' h; '1gcﬁ .

The controller provides dual redundant outputs to spark 1gn1ters, actuators
;nd the on/off valves with dual coils and performs Ta11ure-detect1on of apark 1gn1ter,
~—éptuator, or valve failures to ensure system faiT;operationaT faiTsafé perfonnahcé..
’ Eailures are detected by monitoring igniter spark rate and vonagé, aétuatpr'pdsition
;ién&'séhhovalve.posihfbn. o | o s | T

~Limit Shutdown - . - L

The controller performs a cont1nuous seTf test of the eng1ne éontro] and
mon1tor system. The contro]]er monitors critical eng1ne_parameters dur1ng engine |
‘operation in accordance with Tab]e IT, Engﬁne Limit Control Shutdown Parameters. If an ?

-;engine 1imit is detected, the controller shutdowns the engine bnly if the Limit ControTv;
“EnabTe command of Table IV, Vehicle to Engine Comménds, has been invohed byhthe vehic]e.

Checkout and Monitoring - S e e

The controller contains on-board checkout and BuiTt—In TeSt Equipméhf (BITE)

for ground and flight operations. This inc]udes as a minimum, the capab111ty of all

' regundancy ver1f1cat1on and status mon1tor1ng for eng1ne system ver1f1cat1on - The

F.398-8-A
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- controller is capable of identifying the failures listed in Table III, Failure

Identification.

'Component“Checkout
| The controller is capable of performing checkout of individual control
components or groups of components upon command from the vehicle. - The items which
shall be individua]]y checked out fnc1ude: | |
A. Each propellant valve/actuator L ‘.pf .. . ;.uu»_b ; S
'B. Each penumatic solenoid valve | |
C. Aii eensors; ae argroup‘> N

-D. A1l spark igniters, as a: group : ‘~? e T e e

' Pressure Sensor Checkout
The contro]]er contains provisions to individually connect two resistive
..Toads, contained in each pressure sensor, in parallel with one leg of the sensor

jpridges during,checkout. This'will produce éimu1ated sensor outputs of 20 and 80

. 'percent of full scale (nonina]), respect1ve1y, wh1ch are mon1tored by the contro]]er

for ver1f1cat1on of pressure sensor electr1ca] function and pressure sensing e]ement
‘'working condition.

'Temperature Sensor Checkout T co T

- - e .“':“;:”‘"E

The contro11er performs checkout of the temperature sensors. by 1nsert1ng
a resistive load, conta1ned in the contro]]er into each temperature sens1ng c1rcu1t
'to produce a s1mu1ated sensor output of 50 percent of full scale (nom1na])

i

F]ow/Speed Sensor Checkout f_ o l».~,~}~g~ ;‘;"~'f=¥='n:'»f-~fn}.-‘ - e

Each flow and speed sensor contains dual redundant output w1nd1ngs ‘The '
_contro?]er performs checkout of these sensors by exc1t1ng one of: the sensor w1nd1n§s

~with test signals and monitoring the output produced by inductive coupling in the

- other sensor output winding. The test signals consist of AC(sine wave) voltages

at a frequency of 10 and 90 percent of the fu]]lscaTe pulse rate output (nominal)
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Pneumat1c 901eno1d Va]ve Checkout

~ checkout is performed in both valve states, open and closed, by monitoring

eejected"engine parameters that would be directly affected by the valve operation.

““unenergized conditions. - T

:?Sﬁﬁrkhlgniter Checkout C : L st

signal is ver1f1ed in amp11tude and frequency o ';".j ‘7~f£u,;_“f j“

e Ay,

P
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- PR [

" of each respective sensor. The nominal vo]tage level of the test q1gnals are equa1

to the voltage level: nom1na]1y produced by the sensors at the respect1ve test fre-

quency. -

Prope]]ant Va]ve/Actuator Checkout =~ SRR T 'f S
~ The contro]]er contains prou1s1ons to cneckout each propellant valve and
associated actuator including all redundancy. Hydraulic fluid, at system operat1ng
'preSsur , 18 supp]ied to the actuators from an external source. Checkout includes
the ab111ty to measure and evaluate 1tems such as actuator pos1t1on error, va]ve _P“

- spool position error, torque motor driving swgna] error, math mode1 comparator -

' output, and actuator dynamic response to a step 1nput

':~}»~; .- The controller checks out all solenoid valve coils individua]ﬁy. This

.. The controller monitors the steady-state valve current for pull-in, hold-in and

S A S A N

Rl ST L SEE s SR

w' eem - The contro]]er prov1des input power and control s1gna1s to the spark

' 1gn1ters as a group and verifies each spark 1gn1ter monltor s1gna1 The mon1tor )

...... - - I -

Mon1tored Redlines e --};~{~-;»~{-~l~~ = Lhm} e .ési@i- '-¢;~;'~fé-~

- The controller is capable of monitoring all critical eng1ne parameters for

_a prestart red11ne cond1t1on Verification of‘satisfactory prestart conditions o

result in the issuance of an Engine Ready status signal to the vehicle. S

- - - e . e e v e e e

"In- F]1ght Monitoring ~. - 7T 7 ‘ oo 5: c 1]

The contro]]er contains prov1s1ons for a cont1nuous mon1tor of the eng1ne

~system during eng1ne operation. The monitoring 1og1c includes contro]]er internal

B i L T eI T e S SN R A SRR
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_,tota] .of th1rty -one. bits; fifteen. b1ts for. encodwng and s1xteen b1ts for command

_:and/or memory data Tne BCH encodlng will enab]e detectwng and reJect1ng error

' m1]1 consist of two basic types of commands These are def1ned as abso]ute commands
- for a]1 operable command channels. Voting with 3 good channe]s, 2 of 3 agreement
.;const1tute a good vote. Abso]ute commands that do not const1tute a good vote shall

- be disregarded. The variable command which is executed, assuming that a]] three

‘“channe]s are good, will be the average of a]] three var1ab1e commands after it has

operation, propellant valve actuator positions, servova1ves, sensors,vigniters,

_ and‘the parameters listed in Table II, Engine.Limit Contro] Shutdonn Parameters.
The design of the controller also includes a limit control system which is capable
of automatically -adjusting the power level or initiating engine shutdown to pre-
clude engine operation outside of defined safe operating limits. The limit control
system is enabled subsequent to a Limit Control Enable command from the vehicle
and is disabled subsequent to a Limit Contro] Inh1b1t comnand from the vch1c]e

~Engine Commands and Data

Commands and Memory Data Hords e S A ‘_ -j; "i 'ZQ'_54

o The controller is capab]e of accept1ng and respond1ng to the veh1c1e to—'

englne commands spec1f1ed in Tab]e IV Vehicle to Engine Commands

e - Command words and memory data words from the vehicle will consist of a

patterns according to the capab111ty of a polynomial (TBD). Commands from the veh1c1e
(i.e., thrust and m1xture ratio). Abso]ute commands w11] agree exactly in content

"will constitute a good vote. After Ist channe] failure, 2 out of 2 agreement w111

‘been determined that all three are w1th1n TBD percentage d1fference of each other
After the first channel failure, an average of two var1ab]es will be made to a TBD

percentage d1fference Command values which are outside this ]1m1t sha]] be d1s--

.
sova i “at —L.

regarded. Tne 1nterva1 between successive comnand JOPdS from the veh1c1e

T ~
T

PR R e T . P

o
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to the eng1ne will be a minimum of 2 milliseconds. The interva] between successive |
memory data words from the vehicle to the engine dur1ng memory 1oad1ng w111 be a
‘minimum of 2 milliseconds. The number of command words from the vehicle to the engine
will not’ exceed three comnands for a 20- m1111second per1od The number of memory
'data words transmitted from the vehicle to the engine during memory loading for

- jany 20 millisecond time period is limited only by the required interval between

.memory data words V"t ' : 'f“ - R f'mfrhj o N-E T

Command words and memory data words from the veh1c1e to the engine w111 be

“fverified by: - ey s e LT T

a) Correct number of b1ts per word

Nﬂmﬂ_ﬁ:h) BCH error detect1on of each word R
“b”“f=“;f ). Direct vote of all operab]e inputs .:.‘Aos;um,_.::;?1;,};Nagui§5};_;ﬁ”,
B The number of bits in each command and/or memory data word 1nc1ud1ng the 15 BCH

» checP b1tsrw11] equa] 31 b1ts “ Command and/or memory data words from the veh1c]e ;’
‘*“which do not pass the number of bits per word or BCH error detection checks wi]l

“be d1sregarded and 1nh1b1ted from entering the voting. These failures will resu1t
‘ﬁ_pan a "message error” response (1nc1ud1ng fa1]ed commandhchannel 1nformat1on) be1ng
transm1tted to the veh1c1e via the status/recorder channels. et e ;ufeu s

' Commensurate w1th the a11owab1e skew between comnand channels, the eng1ne B
w111 tn1t1ate voting of the command and/or memory data word fromball operab]e )
' command channe]s A command word which is voted and determ1ned to be 1nva11d by the
1 eng1ne due to d1sagreement or 1ncorrect phase of eng1ne operat1on, will resu]t in the
| transm1ss1on of a "message regect" code to the vehicle, via the status/recorder

~’--channe1s, 1nd1cat1ng that the message has been rejected. A memory data word which is

| voted and determined to be invalid by the engine due to disagreement will also result "yiT

 F.398.8-A
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in the transmission of a "message reject" code to.the vehic]el e
The transmission of ﬁhe "message reject” code for command words will occur
during the next status/recorder channel transmission (a maximum of 42 milliseconds
after command word voting'decision)c The transmission of the "message reject"
code for memory data words will occur following the complietion of the load mode.
A "messaqe error" response, including the failed channel 1denf1f1cat1on,
will be transm1tted for the case of only two command channel aqreement -
Command words consistinq of a word sync pulse with all bits equal to a
Togical "zero" will be received from the vehicle whenever a command is not bewng )
imtransm1tted or memory is not be{ng Toaded. Transm1ss1ons to the vehlc]e durlng
'periods of inactive transmission of enqine status/recorder data or memory readout
" data will consist of dafa words conta1n1nq a word sync pu]se with the data b1ts and

par1ty bit equal to logical "zero".

f v
[

" Endine Status/Recorder Data to Vehic]e Com e gw::—~e: i w-~~¥<_4 e

The parameters listed in Table V, Engine Status Transmitted to Veh1c1e,
are supplied to the vehicle 1nterface upon request of the vehicle. .—The parameters
listed in Table VI, Status/Recorder Data Transmitted to Recorder,'are supplied to the
~ vehicle interface automat1ca]1y every 40 plus or minus 2 m1111seconds The eno1ne
will initiate a transmission of the parameters 11sted except when memory is being

- loaded or readout. The transmission of engine status/recorder data will not ke in-

}terrupted by command words from the veh1c1e ' Each ser1a1 d1q1ta] data word on the

' status/recorder channe]s will cons1st of 16 b1ts p1us a par1ty bit per word. The

- number of logical "ones" in the status/recorder channel word, including the parity
bit, shall sum to an odd number. The word sync pu]se, data h]ts, and parity bit
~for engine data and memory readout words w111 he transm1tted on a11 status/recorder

- channels. The engine status word listed in Table V (data vord 3) is further
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defined in Table VIII. This word is divided into seven groups of information:

command status; channel status, PRT status, limit control inhibit/enable status,

enq1ne operation phase ena1ne operation mode, and engine self- test status ;
Fa1]ure 1dent1f1Cat1on provision is provided by data words €&, 7, and 8 Data
word £ will be a failure 1dent1f1cat1on coded viord and will identify the -
particular 1imit exceeded or failed item. Data word 7 will be an identifying
test number associated with data word 6 and will include information concerning
the number of failures experienced. This information shall cover all detectable
failures and not be 11m1ted to fa11ures wh1ch cause redundancy sw1tch1nq E
Data word 8 will be a parameter value assoc1ated with 1nformat1on conta1ned 1n
data words 6 and 7. The data word order ]1sted may be a]tered by mod1f1cat1on-
of the controller's software program. R 'E- 4 Wg"" IR
S - o . PO . RN - PR S e e
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CREW STATION CRT DATA DISPLAY
(ALTERWATE PREFERRED METHOD)

Under the guidelines of using real-world software and GhC computers,
theré exists the requirement to supply the GNC computers with all data
transmitted from the controller to the GNC computer at the'reaﬁ world rate.

With this requirement the iteration rate of the interfacing computer ..

tsimu]ating the main engine controlier ts fixed to the GNC rate: For the
functional simulation of the matn engine to suop1y the data transferred
across the interface requires extensive processing for data to be displayed
at the crew station CRT and for recording purposes | |
. In the past data record1ng, unless 1t can be used for on- board usage,"}
. has been simulated only when required by MCC. S1nce th1s recorded data 1s
'jpr1mar11y intended for post flight ma1ntenance it is fe1t that th]s feature

s not requ1red

By elimination of the recorder problem, the simulation of the crew stat1on
'ACRT display of the main eng1ne data can be a