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GEMINI -G & CS HARDWARE DEFINITION

TRANSPONDER ATTITUDE DISPLAY
WH| & LEAR
ELECTRONICS M-H
PLATFORM INERTIAL POWER HORIZON SENSOR
ELECTRONICS PLATFORM  SUPPLY |[€— T
RENDEZVOUS e
RADAR | |
WH S e
-
' ACME
M-H
OIS i COMPUTER l
L, RCS
,L f NAA-AUTO
DATA TELEMETRY
‘—_
TIME REF SYS
At ,B;It—— DIG COM SYS ol
MOTOROLA




INERTIAL GUIDANCE
SYSTEM

SPACEBORNE
DIGITAL COMPUTER

INERTIAL MEASURING UNIT
POWER SUPPLY PLATFORM ELECTRONICS



IBM RESPONSIBILITIES

o DESIGN, TEST, PROVIDE
> DIGITAL COMPUTER > AV INDICATOR
> MANUAL DATA INSERTION UNIT > AGE

OVERALL PERFORMANCE OF INERTIAL GUIDANCE SYSTEM
(M-H ASSOC CONTRACTOR)

TECHNICAL CONTROL OF M-H WORK (VIA MAC)

ALL INTERFACE TO DIGITAL COMPUTER (VIA MAC)

SYSTEM HARDWARE LAB INTEGRATION OF SDC, MDIU, IM!)
RADAR, ACME, CLOCK, AV IND, TELEM ETC

SYSTEM ANALYSIS & SIMULATION STUDIES
- COMPLEMENTARY TO MAC



GUIDANCE & CONTROL FUNCTIONS

ASCENT GUIDANCE
> FOR STAGE | & STAGE II
> BACKUP FOR TITAN Il GUIDANCE

RENDEZVOUS
> CATCH-UP
> CLOSED LOOP

TOUCHDOWN PREDICT
> S/C EPHEMERIS DATA

> ABORT TO PREFERRED LANDING SITE

RE-ENTRY
> GUIDED TO 60,000 ft



GEMINI
MANUAL DATA INSERTION UNITS

MANUAL DATA READOUT MANUAL DATA KEYBOARD
« READOUT OF DATA « INSERTION OF DATA BY ASTRONAUT
»UP TO 99 QTYS » ORBITAL PARAMETERS
» VERIFICATION OF INSERTS » TARGET COORDINATES
» VARIOUS COMPUTED QUANTITIES » TIME TO RETRO-GRADE
7 DIGITS » RE-ENTRY EQUATION COEFFICIENTS
» 2 ADDRESS
» 5 DATA

OVERALL WT 4 Ibs, POWER 4.1 w



GEMINI
INCREMENTAL VELOClTY |NDICATOR

o READOUT OF INCREMENTAL VELOCITY (0-899 ft/sec)
IN 3 BODY AXES |

e USED FOR MONITORING & CONTROL OF THRUSTING MANEUVERS
e AUTOMATIC OR MANUAL SET UP

o WEIGHT 3.75 Ibs, POWER 8 w



GEMINI
INERTIAL PLATFORM




IMU FUNCTIONS

o ATTITUDE REF FOR ALL MISSION PHASES

o PROVIDES THREE GIMBAL ANGLE OUTPUTS

o PROVIDES THREE INTEG ACCEL (AV) OUTPUTS
ALIGNMENT IN ORBIT

TORQUED AT ORBIT RATE



MEMORY ALLOCATION S[C#Y4

COUNT PERCENT

ASCENT GUIDANCE 2700 21.9
RENDEZVOUS-CATCHUP 2700 21.9
TOUCHDOWN PREDICT 800 0.5
RE-ENTRY 3300 269
MDIU 850 6.9
/o) | 275 23
GO-NO-GO 175 1.4
PRE-LAUNCH 400 33
COMMON SUBROUTINES 1000 8.2
TOTAL 12,200 929.3 %

TOTAL AVAILABLE 12,288



COMPUTER SOLUTION RATES

ASCENT GUIDANCE

ST STAGE .5 SEC
2Nd STAGE .8 SEC

RENDEZVOUS
CATCHUP .3 sec
RADAR DATA TRACKING COMP CYCLE .4 SEC
RADAR DATA SMOOTHING COMP CYCLE .25 SEC

ToucHDowN PREDICT | SEC

REENTRY | SEC
RATIO OF TOTAL PROGRAM EXECUTION TIMES

MULTIPLY 420 4S€C ©.8%
DIVIDE | 840 Yy sec 2%
REMAINING 140 qsec 92.3 %

OPERATIONS </4)



RELIABILITY =

MTBF
mpiv (ivi kompurer|puarrorm feieionnes |S9724
oPERKTTNE | 171500 |3800| 2560|1180 | 3250 | 7300 5
| mype v | w2 o g 5 o

IGS TOTAL 3500
MISSION RELIABILITY

MODE TIME (HOURS) PROBABILITY
PRE-LAUNCH 2.0 9959
ASCENT o.1 .9969
RENDEZVOUS 5.0 .9897
ORBIT CON) 40 2918
ORBIT (OFF) 44.0 .9830
RE-ENTRY 0.5 .9990

MISSION RELIABILITY .9569



IGS PHYSICAL DATA

UNIT POWER WEIGHT
(WATTS) (LBS)

PLATFORM 42 31
PLATFORM ELECTRONICS 122 38
IGS PWR. SUPPLY 76 43
MDRU 3 3
MDKU -- I

A'A 8 )
COMPUTER 95 58

VOLUME
((LIN)
815
940
88l
8l
54
75
2592

TOTAL 346 I'77

5438



_\iUMMAEY OF SA LIENT

_QO/W’(/ TEE C//AE/IC [EEISTICS

TYPE Gefzerd/ Pur e/oase B//mr

(3 rral Porn

MEMORY 4096 M/ﬂj/:?ﬂ Bi#s /W) Corolor

ARITH TIMES Add Suéﬁ’dcf Jranster [40 usec

Multip/ 420 vsec
D/vide 840 ysec
CLOCK PATE Arith Bit Eote 500 KC
Memrory C,yc e 250 KC
LOGIC S/a. O And +8
LEVFLS Volls
INPUTS D/sc/'e fes 40
Anal og 3
Dota “Chanrels 5
OUTPUTS D/SC/"e Fes 20
Ape / og 5
Do tfa " Chapnels <



/MEC//AW/C/IL /[ LATUEES

WEIGHT s %
VorLume 134 CU FT
PowE~E 845 WATTS

PeepicTen MIBF  2Io0 HES AWYs

Componenr Counr 11,650

ConpucTivE COOLING

MuUL TILAYER INTELCONNECT/ONS

Crecorr Mopures — 570 (/o3 7773

Lxr Srevcrveal Use ofF
Maanesiom £ Mac. Lir




- COMPONENTS

SILICON PLANER EPITAXIAL

SEMICONDLCTORS .
AN S/5 7085 , 097
D/IOLES : , s7 /6

CLES/STOPS. cc., mr, ww. 4271
CAFAC/7OF€S . GLASS, Cee. JTanT o/r

GLASS DELAY [INES 3
MAGNETIC MODULATORS 3
400 CPS FILTER /

Jo7aLl ]/, 650



LAYER BUILDUP OF TYPICAL
GEMINI MULTILAYER INTERCONNECTION
BOARD (MIB)

0028 COPPER

)5 CONDUCTIVE
SURFACES

T &R B

BASE

MATERIAL
012 THICK
4 LAYERS

7 >GZASS
LI EPOXY
LAMINAT E
“ 008 & 0/Z

THIC A

gras - /BASE
% MATER/AL
004 THICK
4 L AYERS




GIM/A// AG[

Jest Prograrm Console

Merrory Loader
/GS Bench Test Eaquipment
MOIJAV  Tester

Jest (onsole Compw‘er Systern



AGE FEATURES

o (9" lack ¢ Farel

~ PF/ Desgn [eatures

o  Stardard Modilar S)/s/em

« Heavy Duty Cabinets
o Flevible

o Mobile



400 m@ GEMINI GUIDANCE COMPUTER

FILTER mac mopuLator  (EXPLODED VIEW)
BUFFER

HEAT MAG MODULATOR I
TRANSFER NPUT/0UTPUT CONNECTOR MOUNTING
PLATE CROSSOVER

SIDE PLATE



REANTRY




T _PAT
_oreT TN G

RETROFIRE




CAPABILITIES

*INITIAL CONDITIONS FROM

GROUND UPDATE OR TD PREDICT
MODE .

‘NAVIGATION FROM RETRO.
DISPLAY OF RETRO AV.

*COMPUTE DESIRED BANK ANGLE
AND ACTUAL BANK ANGLE.

«COMP ¢ DISPLAY ROLL ERROR.

* COMP ¢ DISPLAY DOWNRANGE ¢
CROSSRANGE ERROR.

*MAX LIFT COMMAND AT
80,000 FT.




RE-ENTRY GUIDANCE

*PRE-RETRO
- SET 'INITIAL VALUES & ALIGN IMU.
'TEST TR'

*RETRO (T T0 To+60)

* NAVIGATE INCLUDING THRUST
MEASURED BY IMU.

- NO ATTITUDE COMMANDS.
*DISPLAY RETRO AV.

«COAST (Te+60 TO 400,000 FT ALTITUDE)
- CONTINUE NAVIGATION (NO IMU INPUTS)
*NO ATTITUDE COMMANDS.

» ATMOSPHERIC (400,000 FT ALTITUDE
T0 0.4 FT/sEct ACC.)
-CONTINUE NAVIGATION (WITH Imu INPUTS)
+ COMMAND Bc=O (MAX LIFT).




CAPA

BILITI

NAVIGATION
PREPROGRAMMED COMMANDS

VEHICLE ATTITUDE CONTROL

EXPLICIT STEERING
ORBIT" INSERTION

D



REENTRY GUIDANCE (conT)

e ATMOSPHERIC (0.4 F/sec*ACC. TO
80,000 FT ALTITUDE).

*CONTINUE NAVIGATION (WITH IMU INPUTS)

«COMPUTE: RANGE § HEADING TO TARGET.
PREDICTED RANGE TO TOUCHDOWN.
VEHICLE HEADING.
DOWNRANGE ¢ CROSSRANGE ERRORS

e DETERMINE Bg FROM BANK LOGIC

« PRE-DROGUE (80,000 T0 60,000 FT. ALTITUDE )
* COMMAND Bc:0 (MAX LIFT).

*DROGUE CHUTE DEPLOYMENT.




RE-ENTRY  CONTRCL LCGIC

WHEN R 3A,
[
ﬁa:'fR”,Rp././o

WHEN Ry <Rp
Re>l  B.=-90°
Re <-I  Be=+go0°
1< R < | COMMAND CONSTANT ROLL



REENTRY  SIMULATION




ACTUA

L SYSTEM

ATTITUDE

M HAND |
DISPLAY |- A ki ACME|=RCS
T 3 _AUTO | |
.Y, O :
RATES
> |
|
T INERTIAL -
COMPUTER [¢—{MEASURING |— vai*i\'&'?fs
UNIT




DYNAMIC — PISAAYS

ATTITUDE PISPLAY
ATTITUDE £AL)

FOI NEEDIES
MAX DEFLECTION
ROLL +RoLL RATE /S D¢ oR PEC/5ec

PITCH RATE S Rpouw 10 DE6ficc L yp0 wm
yAw RﬁTE/Qw” /0 DIJ/GC/ 12.5 vM

LONGITUDINGL ACCELERATION

ALE _[T0DES

KATE CoMrpvo
DIRECT
RE-ENTRY (pvTomsTic)




% Yo
SIMUATIR ADG F--1 Wanp |
) ' M ACONTROLLER

z 7S A §
v 13

LONG. R
NN

Y g

4

Fpcc. |7 *‘ i
i ‘_jplfcﬁf rfs]
x

(% LT

S50¢c SimviRTOR
, ACME SIMULATOR
7& 70 DF. '5, REACTION TET S/ritiA7ok
SIX DECREL OF FREFOOM
SPACECRAFT EMVIRONMEX T



SIMULATION INITIAL COND.

/-330,000 FT. (START OF SIMULATION)

LANDING ENVELQOPE
RETRO

HORIZONTAL Q\

330,000 FT. ~ 1.5°
Ve
=20

/(m
2/




SimuLaTep Mission ProFILE

ALTITUDE
330K Maintain 0° Roll Angle

~300 K when acceleration 5. 4 ftfsec*

~cross range and down range
navigation

-operator nulls overhead
FOI

Piteh + Yaw Rate control

80K Retarn 10 0° Roll Angle
60K End of Simulation Run




Mix
RATE ' ayp

H‘l‘*"ﬂd’ Ra nge
Erroy

Hes

Range
Ervr-or



t;;tch

[ 3

Rate



’ RO'LAhg'E
> | Roll Rate

>

i

)
\Q
N

O\

Control Modes

Piten |+ 4°
1. Rate Command oTen )47 /sec.

2 Direct



Case:
Both cross range and

down range error exists
Situation:
Roll angle between

;':[>o°% < 90"]



Cade : A/o d owr ramnge error

Some cross range error
> I mile

Situalion: Poll dﬂjl&’ 290"



]

Case:
Cross Range error is Zero

Some Down Range Error
Situation:
Max Lift, 0" Roll



Case’
No Down Range Error

NoCross Range Error D I mile

Situation:
Zero Lift

Constant Roll Rate




Summary

Cross Rarge £

Down Rarg e
errors
+[ 2%0°]
Down Rapge Eror Cros» l?an e&rvor
Cros5 Rcmge —  No Down Rang
Crror=0° Error
[o°reil] [ 90°]
No Pown Range Eryor

Cross Range Errov < Imile
[Conofant toll rate]



I1GS

ASCENT  GUIDANCE



MAJOR  FUNCTION

BACKUP
TO PRIMARY GUIDANCE SYSTEM

FOR
CREW SAFETY
MISSION SAFETY
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GEMINI ASCENT

ORBIT VELocITY
ADJVST oUsiwe

SEco SPACECRAFT EWERGY

s L
_ \\‘\s‘ “2 IﬂngTloN
L < ///"/
ORN&IT f § £ Stace L ExruCcT —
PLANE / ' . JCLOSED LOOP— . A
B - > ,/"’ ,/"f » 4 / .
BECO & e S mE\f?
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i N N

ISTANCE 70 ,
/ OKBrr PLANE N Vevtieal Rise Q LooP
S ¥ Rullt, Dered | STEERING

///// | z Aot \
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/ ’ PLATFORM |
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|

!

b
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INITIALIZATION  QUANTITIES

’ Zg F'd’form a}:'mvﬂ\ wilh rcs,)ec‘f i East

. g A‘nj(: l’)ctween y-axis {: orbid rlan\e
) A¢R MGSMTUC(Q & D\rtctom o£ ro{( Mmaneyver

) \/\C Flm( VQ'OC\T3



LR gg -{TARS}»MTCR o’

-— — -—

B AP M, SERVO
IGS L\iD_ " | "ER"" OYNVAMICS
. 5
| Ke \_
RIG1O
9 F, BODY
- -
€ w

[T—T={7-

AUTOPILOT CONFIGURATION




| COMPUT ER
I MU= / -
\ \ ACTUAL C ONTROL
\ —T g
' ATTITUDE ‘ GIMRBAL EQUATIONS
\, \ ANGLE ‘
l
| \ / commanded |
| \ / 4! bc;l \
\ || / aﬂa es ‘
| | SENSED : { |
\ | ACCELERATIONH] | | STAGE T | STAce T 1
\ | .
N : Preprogrammed Explert :
: f.o'mmM\&S B Séeerma \
l' tﬁvc‘t}oxs ;
‘ /
\ /
| /
\ \ NAVIGATION /
| \
\ ~



EXPLICIT
STEERING

N

By =Tl [a.+ b, (2.-2)

L

C ons'T\rand' E %Ua+l ons

T

VELO.C_!T‘I J a-',— Aon Bﬂ’ At = - é,(f): —A

t

t‘ t‘ t.
Fosnwv S [a, AinBo dt = kL— k(f)—J Mtjit.—. -B

t ¢t



ADDITIONAL FEATURES

+ AZIMUTH {: VELOCITY UPDATES
. SWITCHOVER FADE-IN

. OPTIONAL EXPLICIT YAW STEERING




TYPICAL
SLOW  MALEUNCTION

+10° ANGLE OF ’ ATTACK { )
o/—_’—’l\_,/) /\l
-

+ ERROR PivcH
‘ Dowwn

( | =~ ERROR PTiTcud

+(,°1 ?”'CH‘ ATTIT\)‘DE ERROR U‘?

I
P,nﬂ /’ﬁlTqu' Erren
0 _ MTW/ -

P"rcu A
Tri
I AC__K‘;D?F ErroR
=4 l
l I
& 10 Yo [4a) SO

TME FTROM ULIFTOFE



CABIN DISPLAYS
FDI

IVIs

Three Malfunction Ligkts

COMPUTER
ACCELEROMETER
ATTITUDE



CAT(:?-UP
RENDEZVOU S



ORBIT DATA

HEIGHT PERIOD ¢«

TARGET 161 5%900= 285

Chtuue
GEMIN | HEV6NT paTe P

FAST=- 87-/¢) 33 2872
SLOW-=144-16) V2 2872

INTERCEPT = DEPENDS uPon
INITIAL MANEFUVER
AT 270 To Go.



T;/pn CAL ?EN DEZvVOUS (IN PLAveE)

C;Em»// AT IN:Tm-.
Remp e2vous THRUST

AGEN# IN
CIRCULAR

OReyT
W‘ .

Siow CATCH-m’ ; IviercerT Ckemr
ORBIT

Vo= Maw Thgust Vs = Vermrer Thgusr 90 T:6.
Vi® Verwier Turusr a1 2/0°T: 6. Vg = Vegwier Tgusr 3075 6,

Vo* VeRvier ThRusT a1 150°To6, Vs = BRAkivg awo Docking



(S FEATURES

Caren-up

o ACC&PrS DCS ok MDIU INPUTS
For Manewerwe (ax,4ay,a z)

® Sowes Fer THRUST ATTITUDE ERRORS
FoR FDI vispiay

[ CDMPWES Boby oRIENTED VELOCITI1ES
To BE &anep FeR IVI vispuay

® MoNToRS THRUSTING TD Cocpsr Down
IVI DISPLAy

ELEnEmX or DAS euanTmies



IGS FEATURES

RENDE%VO us

® Stores RabaR TMe HISToRy
® Lswnores Bap RavAr PATA

6 CoMPuTES AND DISPLAYS 270°
CHARACTERISTIC VELOCITY (4V; +4\/{)
Usiwe C /u EQuATIONS

® Accerrs AstRonAuT Decision To
RenvEZVOUS

o P PEVICTS 250 SEceNps AHEAD AND
RE -ComPures TEaNsFER THRUST

® Sowves FoR THRUST ATTITupE AND
Dishiays ERRoRs on FDI.

® AwnvounceEs THE TIME TO INITIATE THRYSTS

o PRepicTs RADAR LOS ATTITUDE FoR
Re-Acouts moN

o MONrraks THRUST To CounT DownN TV

o Commanps ATIITUDE FoR PLATFoRM
GYRocoMPASSING |

® CoMmAMDS RE-Acuisrrion MANEUVER

e Tewemerey oF DAS quanrrriies



v

A
F a
1 a

DATA FLOW DIAGRAM

L1021 prsp
1l 1TeMns) DAS |~

._.,)-‘RADA& IMu
Iy g EEE ‘ﬂ
17
t ity
CoMPuTER
K DX
Ebe LY
Ve AZ
46) T
au r
AX
4y
42
v
AVi
T
Yr

|

AVys = Avxb"AVXO
AVYS= AVyb-AVYO
A st= AVzb'A\éo

MDIV

vl




DAS QUAN TITIES
| /8
2 Yo
3 ¢b
4 SFHe'
5 SF y'
6 SFZ’
7 t
8 FTRAG
9 ng
10 Vya
/1 Vzo
12 Obc
I3 l,’lz'c
1 Tx
5~ AVkm
16 A Vyn
17  AVzn
18 Re
19 Swa'
20 Swr’
21 Tp



e QuantiTies

HheameTER.

ke
Swma’

S’

Eb

A6}

A Ve
A N2p

CPUANTIZAWDV
49,178

D .00l
0-00/

0°03¢
0.034

0 .03(

0.1l ftfec
O. 11 ¢ fec
o.l Hhec
{ oZoééé

B ange

Ip‘;/al 797 ‘ﬁ

O -q2
0"042-5-

O - 30’
0— 360’

O —3¢éo’
1 Y4o ft/sec
+ 440 ftfhec
; 440 ftfsec

t 20’

* 20°
t 20°
979 ftfsec

P79 /sec
W? pl%‘ec

-+

+ 1+
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ALarm
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Compurer
Runnineg
LignT

DCs/
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IGS COMPUTER
FLIGHT PROGRAM

o DESCRIBE HOW PROGRAM IS DERIVED OR MGDIFIED

. DESCRIBE STEPS IN VERIFICATION OF PROGRAM
FLIGHT READINESS

e REVIEW IMPACTS OF PROGRAM MODIFICATION



START

DERIVE/MOD MATH
FLOWS & PROGRAMS

3

PREPARE CKOUT
SPECS & PROC

PERFORM
7090 SIM

CONDUCT STATIC
HDW TESTS

TATI

TESTS 0K
?

CONDUCT DYNAMIC
HOW TESTS

DYN

TESTS 0K
?

FINAL FLIGHT
PROGRAM

L—) LAUNCH



GUIDANCE
EQS

1/0

CHANGE |‘—

SYSTEM
Ty aTH |

FLOW

N 7090
FORTRAN
SIM ¥ PUNCH
|comMPARE PROG
TAPE
. 7090
-.-PR#AG}‘HAM DETAIL _’J oP l
N w | |PROGRAM ﬂﬁﬂf
1 CHANGE
N IGS
$ff PAD
TESTS
CHANGE
. 2
1GS
ACCEP
| TESTS
1GS
ACCEP }
PROC




PROGRAM
TAPE

CCTS
CKOUT

—

“
-
ya
¢

MODIFY
AS REQD
MATH FLOWS
PROGRAM

SPECS &
PROC

MISSION 0K
M "sim "’<<'g:>"’
FORMAL | '
ACCEPT >

IGS PAD

TESTS

IGS ACCEP_|
TEST SPEC

IGS ACCEP
TEST PROC

CCTS
CKOUT

FINAL FLT
PROGRAM

DELIVER IGS
HOW &
PRELIM FLT
PROGRAM

FINALIZE
IGS PAD
TEST SPEC




PROGRAM VERIFICATION
STEP 1- SIMULATE SYSTEM MATH FLOW
o ALL DIGITAL 7090 SIMULATION
o ALL MODES DYNAMICALLY SIMULATED
o CHECK SYSTEM MATH
e DERIVE IGS MODE TESTS



PROGRAM VERIFICATION

STEP 2 - SIMULATE PROGRAM MATH FLOW
o ALL DIGITAL 7090 SIMULATION

o EMPLOYS SIMULATED GEMINI COMPUTER &
ACTUAL OPERATIONAL PROGRAM

o RESULTS COMPARED WITH FORTRAN RUNS
TO VALIDATE OPERATIONAL PROGRAM

o DERIVE PARAMETER TOLERANCES FOR IGS
MODE TESTS



GUIDANCE SYSTEM DETAIL MAG TAPE
EQURTIOS MATH & LOGIC MATH & LOGIC "
FLOW DIAG FLOW DIAG
1 CARD PER PROGRAM
INSTRUCTION OR
CONSTANT
CORRECTION
TAPE
PRINT
SECTION PROGRAM CORRECTIONS
{7090 DPS ’( E <R LISTING REQUIRED 2
SYSTEM
TAPE s
ASSEMBLY

PROGRAM TAPE



SYSTEM TAPE

OPERATIONAL
PROGRAM
RESULTS TAPE RESULTS

7090 DYNAMIC 401 PRINT
SIMULATION ouT

ENVIRONMENT | .- -
& VEHICLE | )
DYNAMICS TAPE SRR
(ASCENT/ —p{CAL COMPL_1 x| TN
COMPUTER RENDEZVOUS/
SIMULATOR REENTRY)
TAPE
PROGRAM TAPE
1401 R CCTS
N 1
CORRECT IGS ACCEP
PROGRAM TEST SPEC
SYSTEM TAPE




PROGRAM VERIFICATIGN
STEP 3 - CCTS CHECKOUT

o DEBUG IGS ACCEPTANCE TESTS, PAD TESTS, &
OPERATIONAL PROGRAM

o ALL TESTS CONDUCTED WITH IGS UNITS & /0R
HARDWARE SIMULATORS

o PRIMARILY A STATIC TEST AS INPUTS GENERALLY
REMAIN CONSTANT



PROGRAM VERIFICATION
STEP 4 - FORMAL ACCEPTANCE

o UTILIZES 1GS ACCEPTANCE TEST PROCEDURE DERIVED
FROM IGS ACCEPTANCE TEST SPECIFICATION

e TESTS CONDUCTED ON DELIVERABLE 1GS
o RESULTS IN DELIVERABLE PRELIMINARY FLIGHT PROGRAM



PROGRAM VERIFICATION

STEP 5 - MISSION SIMULATIONS

DYNAMIC MISSION SIMULATION CONDUCTED ON
ACTUAL 1GS HARDWARE & HARDWARE SIMULATORS

UTILIZES 7090 TO SIMULATE IGS ENVIRONMENT
(e.g., S/C DYNAMICS, GRAVITY, ATMOSPHERICS)

INPUTS & OUTPUTS VARY AS IN ACTUAL FLIGHT

INDIVIDUAL MODES SIMULATED FIRST- THEN
COMPLETE MISSION

o RESULTS IN FINALIZING OPERATIONAL FLIGHT
PROGRAM



GEMINI
MISSION

VERIFICATION
SIMULATION

MiSSION SIMULATION with
HARDWARE 1n the Loopr

P Real Time
- Closed Loop
> Realistic Missions

Purpose :

Quahfy Operational
Program for thht




OIMULATION ComponenTs

™ HARDWARE

DC

MDR

MDK

1V1

IGS PS
TRS
ADG

ACE Loads
GLV Loads
DAS

DCS

Rodar

IMu
Discrete Controls

# D:sp'nys

Labora'l:ory

Faclities o
S\,s{'em Simulation
[ 7090 ops

BB¥1
Prod # 9

Pro'lofype
ve

el
"
”

”n
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SimuLation CompoNeNTS

rfSOFTWARE

Data Control Program

In‘lev'face Test Routines

Da‘l’aj?ans-fcr é Conversion
Data Storage
Mode Control

[ Ascent Environment Revisions of

previous
simalations

[ Renc\ejvous E nvironment
[ Reen’cmj E nvironment

Specific missions assembled fram
above basic programs

Data Reduction progham
Reduce, Printy Plot

DAS , Discrete y Environment Data
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MISSION VERIFICATION SIMULATION
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SYSTEM SIMULATION LABORATORY
(DATA CONVERSION, TRANSFER, TEMPORARY STORAGE)
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PROGRAM MODIFICATION

COMPUTER MEMORY IS FULL*2%

PROGRAM CHANGES REQUIRING ADDITIONAL INSTRUCTIONS
DIFFICULT

ATM PROPOSED AS MEANS OF INCREASING PROGRAM
STORAGE CAPABILITY

ALL PROGRAM CHANGES REQUIRE RE-VERIFICATION OF
PROGRAM FLIGHT READINESS



IGS ACCEPTANCE & PAD TESTS
e VERIFY IGS PERFORMANCE AT IBM, MAC, HANGAR, & PAD

BOTH DOCUMENTS SIMILAR & PRIMARILY CONSIST OF
INTERFACE & MODE TESTS

o INTERFACE TESTS CONDUCTED FIRST

MODE TESTS CONDUCTED PRIMARILY TO VERIFY
OPERATIONAL PROGRAM

PARAMETER TOLERANCES DETERMINED BY EQUIPMENT
SPECIFICATIONS & DIGITAL 7090 SIMULATIONS



