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INERTIAL GUIDANCE
SYSTEM

 

   

 

  

SPACEBORNE
DIGITAL COMPUTER

INERTIAL MEASURING UNIT
POWER SUPPLY PLATFORM ELECTRONICS



IBM RESPONSIBILITIES

e 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, IMJ,
RADAR, ACME, CLOCK, AV IND, TELEM ETC

SYSTEM ANALYSIS & SIMULATION STUDIES
_ COMPLEMENTARY TO MAC



GUIDANCE & CONTROL FUNCTIONS

ASCENT GUIDANCE

> FOR STAGE | & STAGEIl

> BACKUP FOR TITAN II GUIDANCE

RENDEZVOUS

> CATCH-UP

> CLOSED LOOP

TOUGH DOWN 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
oe : - .

INCREMENTAL VELOCITY INDICATOR

 
e READOUT OF INCREMENTAL VELOCITY (0-999 ft/sec)

IN 3 BODY AXES

© USED FOR MONITORING & CONTROL OF THRUSTING MANEUVERS

e AUTOMATIC OR MANUAL SET UP

e WEIGHT 3.75 Ibs, POWER 8 w



 

GEMINI
INERTIAL PLATFORM

 



 

IMU FUNCTIONS

© ATTITUDE REF FOR ALL MISSION PHASES

© PROVIDES THREE GIMBAL ANGLE OUTPUTS

© PROVIDES THREE INTEG ACCEL (AV) OUTPUTS

ALIGNMENT IN ORBIT

TORQUED AT ORBIT RATE



 

MEMORY ALLOCATION S/C#4

COUNT PERCENT

ASCENT GUIDANCE 2700 21.9

RENDEZVOUS-CATCHUP 2700 21.9

TOUCHDOWN PREDICT 800 6.5

RE-ENTRY 3300 26.9

MDIU 850 69

{Jo | 275 23

GO-NO-GO 175 1.44

PRE-LAUNCH 400 3.3

COMMON SUBROUTINES [000 8.2

TOTAL 12,200 99.35%

TOTAL AVAILABLE 12,288



 

COMPUTER SOLUTION RATES

ASCENT GUIDANCE
IST STACE .5 SEC
2Nb STAGE  .8 SEC

RENDEZVOUS
CATCHUP .3 sec |

RADAR DATA “TRACKING COMP CYCLE .4 SEC

RADAR DATA SMOOTHING COMP CYCLE .25 SEC

ToucHDowN PREDICT I SEC

REENTRY /| SEc

RATIO OF TOTAL PROGRAM EXECUTION TIMES

‘MULTIPLY 420“86€¢ ©.8%

DIVIDE | B40 “sec ‘2%

REMAINING 1940 sec 22-32%
OPERATIONS ¢/4)



RELIABILITY °°".
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IGS TOTAL S00

MISSION RELIABILITY

MODE TIME (HOURS) PROBABILITY

PRE-LAUNCH 2.0 9959

ASCENT O. | -9969

RENDEZVOUS 5.0 -9897

ORBIT CON) 4O -9918

ORBIT COFF) 44.0 -9830

RE-ENTRY 0.5 -9990

 
MISSION RELIABILITY .9569



 

IGS) PHYSICAL DATA

UNIT POWER WEIGHT VOLUME
CWATTS) CLBS.) ((WIN.)

PLATFORM 42 SI 815

PLATFORM ELECTRONICS 122 33 S40

IGS PWR. SUPPLY 16 “43 Ssi

MDRU 3 3 sl

MDKU -- | 54

ivi 8 & 75

COMPUTER 95 58 2592.
 

TOTAL 346 177 5438



 

SUMMARY OF SALIENT

COMPUTER CHARACTERISTICS

TYPE General Puregse, Bypary,
erial Frréd Pormr

MEMORY 4096 WDS(3284[Md) kardon

ARITH TIMES Add, Subtract, Iransfer [40 usec

ultiply 420 US2C
Divide 840 U$eC

CLOCK RATE arith Bis Rate 500 KC

Memery Cyc/Z C50 KC

LOGIC SIG. O And +8

LEVELS Volts

INPUTS Discretes 40
nalog 3

Data “Chanre/s 5

OUTPUTS Discre tes LO
Arnalo”> 5
Data” Channels oh.



 

MecnanicAL [EATUEES

WEIGHT S56R 7

VOLUME I34 CUFT

Poweée 845 WATTS

PeenicTteD MIBF 2100 HS. Als

Componenr CounrT 1,650

CONDUCTIVE COOLING

 

MULTILAYER. INTERCONNECTIONS

CREU/T MODULES 5/0 UY/03 TVS

Lur SreuctuRAL USE OF

Maanesium £ Maa. Liz.



 

— COMPONENTS

SILICON PLANER EFP/TAX/AL
SEMICONDUCTORS «©

TRAN5/5TORS O97
D/IODES . 37/6

RES/STORS <= CC.,MF, WW 42/1

CAPACITORS« GLASS, CE€. JANT @//

GLASS DELAY LINES s

MAGNETIC MODULATORS 3

400 CPS FILTER /
 

 

TOTAL Jl, 650



 

LAYER BUILDUP OF TYPICAL

GEMINI MULTILAYER INTERCONNECTION

BOARD (MIB)

0028 COPPEF

15 CONDUCTIVE

SURFACES

   

 

  

   

   
   

 

BASE

MATERIAL

Ole THICK

4 LAYERS

ULL=~)ASS
if POXY

LAMINATe

 
.OOF THICX
4 LAYERS



 

GEMINI AGE

Test Program Console

Memory Loader

IGS Bench Test Eauypment

MOILAV Tester

- Jest Console Computer System



 

AGE FEATURES
© 19° hack ¢ Panel

» 2F/ Design features

© Stardar! Modular System

. Heavy Duty Ceabinets

¢ Flexible

« Mobile



 

LOGIC PANEL
ASSEMBLY(S)

 

{=MODULES

 

 

INPUT/OUTPUT CONNECTOR MOUNTING

(EXPLODED VIEW) 

SEQUENCE
RELAY

GEMINI GUIDANCE COMPUTER

     

MAG MODULATOR

MAG MODULATOR
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MEMORY ARRA

 

400 CPS
FILTER

TRANSFER
PLATE

  

SIDE PLATE

HEAT

 



 

RE-ENTRY
  

 



oRBIT_PATH (16INN)
er RETROFIREé

 



 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.
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CA D/\
 

  

 SIL IT |  

NAVIGATION

PREPROGRAMMED COMMANDS

VEHICLE ATTITUDE CONTROL

EXPLICIT STEERING

ORBIT INSERTION

CS



 

REENTRY GUIDANCE (conT.)

*ATMOSPHERIC (04 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 Be FROM BANK LOGIC.

* PRE-DROGUE (80,000 10 60,000 FT. ALTITUDE )
“COMMAND Be:0 (MAX LIFT ).

*DROGUE CHUTE DEPLOYMENT.



 

RE-ENTRY CONTROL LOGIC

 
WHEN Ry >Rp

Be

B= FER, Rot)

 

 
WHEN Ry <Re

Re >| Bz -— = 70"

Re ¢-/ B- = +90°

=-1<Re<1 COMMAND CONSTANT ROLL



REENTRY SIMULATION



 

ACTUAL SYSTEM
 

ATTITUDE
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HANDDISPLAY [-* A [4 ACMEL-RCS

GROUP N CONTROLLER 1
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COMPUTER }e MEASURING fe VEHICLE
UNIT DYNAMICS    

 

 
 

 

 



 

DYNAMIC DISAAYS

ATTITUDE DISPLAY

ATTITUOE FALL

FOI MEDLES

 

MAX DEFLECTIOW
ROLL #ROLL RATE |S 0&6 0k BEC/sEc

PITCH RATEPRow (10 DEtee YW100 we

YAW RATEY2.oye (10 Déthee 19.5 we

LONGITUDINAL ACCELERATION

ACKE [0DES|

RATE COMMAND

DIRECT
KE-EMIRY (AvTomanTic)
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DISCRE TES 
    

   
 

 

 

 SOC SYAVLATOR

ACME SIMULATOR

REACTION JET S/PWULATOR
SIX DFEREF OF FRE£DOM

SPACECRAFT EWVIRONMENT

  
7O9O OPS  



 

SIMULATION INITIAL COND.
J380/000 FT. (START OF SIMULATION)

LANDING ENVELOPE

RETRO

HORIZONTAL O— 
330,000 FT. \N

1.5

0

Ve
X=20°

RTHyl



 

SimucLatreoMission Prorite
ALTITUDE

330K Maintain O° Roll Angle

~300K when acceleration 5.4ft/rec
~crv0355 tangeand down range

navigation
-operator nulls overhead

FOL

Pitch + Yaw Rate control

80K Return to 0° Roll Angle

60K End of Simulation Run

 



 

Mix
RATE ary

t—}-ereas Raange
Error

+
Range
Error



 

RATE 'BS ATT

htNaw Rate

HeckCa

Rate



 

 

: RollAngle

> | Roll Rate

   

 

   

Control Modes
L Rate Command yaw fo 4/See-

1 Direct



 

Case:
Both cross range and
down range error exists

Situation:

Roll angle between

+[>0°: x 90°|



 

 

 

 

Case: No down range error

Some cross range error
7 Imile

Situation: koll angle #90°



 

TT
Case:

Cross Range error is Zero

Some Down Range Error

Situation:

Max Lift, ORoll



 

Case’
No Down RangeError

NoCross Range Srror >I mile

Situation:
Zero Lift

Constant Roll Rate



 

Summary

Cress Range ¢
Down Range

errors

+{ 290°]

Down hange Ettor Cross RangeError

Cros5 Range =~ Wo Down Range
frrer-o° Error

[o°roht] + 90°]

No Down Range Error
Cross Range Errov< Iwile

[constant roll rate|



 

IGS
ASCENT GUIDANCE 



 
 

MAJOR FUNCTION

BACKUP
TO PRIMARY GUIDANCE SYSTEM

FOR

CREW SAFETY

MISSION SAFETY

 



 

  
  
  LAUNCH PONT

 

y- ayis onented to geodetic verlrenl

X- AXIS parallel 10 or hit plane



GEMINI ASCENT

ORBIT VELocITY
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INITIALIZATION QUANTITIES

° 0 Platform axrmuth with respect A East

. § Arde between Y-axis é orbit plane

. AO, Megytude t Divection of ral| Maneuver

° V, F inal Velecty
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AUTOPILOT CONFIGURATION
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| ATTITUDE [| Owe EQUATIONS .
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SENSED |

\ JACCELERATIONT 7]; STAGE T stTace Tt |,
\ | " | | Preprogrammed Expl; et '

— Commands Steering
Equations| i   

   



 

_ EXPLICIT

“STEERING
 

Pe - ten”[a+ b, (2.-t) 

 

C onslrarnt- = quat ons

Ct

Vevocrty \ G, 4m Be dt=- 4(€)= -A

€

f, t.

Posto \ [«, AinBpdt = hyo io| h@det= -B

t t



ADDITIONAL FEATURES

* AZ\MUTH t VELOCITY UPDATES

. SWITCHOVER FADE-IN

- OPTIONAL EXPLICIT YAW STEERING

 



TYPICAL

SLOW MALEUNCTION
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O 10 Yo 60 3O
TIME FROM LIFTOFF



CABIN DISPLAYS

FDI

IVI.

Three Malfunction Lishts
COMPUTER

ACCELEROMETER

ATTITUDE



CATCHUF

RENDEZ VOUS



 

ORBIT DATA
HEIGHT PEKIOD ¢

 

 

TARGET Wodln 5900s 285

Chtu-ue
GEMIN 1 Helen spate i
 

 

FAST- 87-/¢; 353 28°22

SLOW==144-161) =42 (2872

INTERCEPT= DEPENDS uPoN

INITIAL MANEUVER

At 270To Go.



 

Tyrcar Renvezvous (w Pea ve)

Génm) AT Tira

Remo ezvous THRUST
   

  

 

Acena IN

Circucar
OR617

Siow Carcy-ur ' Intercept Okbir

ORs tr

Vo = Maw Turusr V; = VERNIER THRusr- 907Ge

V,* VeRnieR Tunusr ar 2/0°T66. V4 * VermeR Inrusr 30 °To6,

Viz VERNERTHRUST Ar 1S0°Tes. Ve= BRanine Anp Docking



 

IGS FEATURES

 

Carty -uP

e A ccerrs DCS oR vA IN PUTS

FoR MANEUVERING (4x, 4 y, A z)

@ Sowes for THRUST ATTITUDE ERRORS
For FDI vispray

@ ComPures Bopy oRIENTED VELo”IT-1E5
TO BE GAINED FeR IVI visPiay

@ Montrors THRUSTING TO Cour Down
IvI DISPLAY

TELEMETRY CF DAS a@uantmes



IGS FEATURES
REnDEzvoUs

 

@ Stores RapaR Time History
@ Lenores Baw Ravar PATA

6 ComPuTES AND DISPLAYS 270°
CHARACTERISTIC VELocrTy (AV: + AV;)
USING C/w EQUATIONS

@ Accerrs ASTRONAUT DECISION To
RENDEzVoUS

e FjREviceTS 250 sEceNnps AHEAD AND
RE -ComPpures TRANSFER. THRUST-~

@ Sowes FoR THRUST ATTITUDE ANDDisrayS ERRORS on FDI.
@ Announces THE TIME TO INITIATE THRusT-5

e@ FPRrepicrs RADAR LOS ATTITUDE FoR
RE-Ac@uis mon

@ Monors THRUST To Count Down IVI

@ Commnanns Arrituve FoR PLATFRM
GyRocemPASSING ,

@ COMMANPS RE-AcQuISITION MANEUVER

@ Téevtemerey oF DAS Quanriries



DATA FLOW DIAGRAM
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AVi    
 

MDIU  
 

AVys = Via - AVio

AVys= AVyb~AVyo

A Vzs5= AVa,-AVz0
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IGS COMPUTER
FLIGHT PROGRAM

e DESCRIBE HOW PROGRAM IS DERIVED OR MODIFIED

e DESCRIBE STEPS IN VERIFICATION OF PROGRAM

FLIGHT READINESS

e REVIEW IMPACTS OF PROGRAM MODIFICATION



 

START 
 

 

 
DERIVE/MOD MATH
FLOWS & PROGRAMS
 

 

 

+
 

  

 
PREPARE CKOUT
SPECS & PROC

PERFORM
7090 SIM
 

  

   7090
SIM_ OK

?
 

 

 

 
CONDUCT STATIC
HDW TESTS
 

TATI
 

 
TESTS OK

?

 

 
CONDUCT DYNAMIC

HDW TESTS
 

DYN
 TESTS OK

?
 

 
FINAL FLIGHT
PROGRAM
 

 

 

 
 

 

 

 

——> LAUNCH



 

 ——| CHANGE -
 

 

 

 
GUIDANCE

EQS

 SYSTEM

yy) “math t
FLOW      

 

 
1/0

 
 

 

   

 

 

   
 

      
 

 

  

 

 

  
 

 
 

  

 

 
 

 

 
 

 
 

 

 

 PROC

7090
+>] FORTRAN

SIM PUNCH
COMPARE PROG

TAPE

7090
Pre DETAIL In OP

PROGRAM| "|PROGFLOW ") Tsing

TF cnanee

| IGS
+ PAD

TESTS

| CHANGE

IGS
ACCEP
TESTS |

IGS
ACCER-}———

 



PROGRAM
TAPE

 

ccTS
CKOUT

 

 

t
t
t

t

 

MODIFY
AS REQD

MATH FLOWS

 

—__<—>

  
 

 

FORMAL.

0K. FINAL FLT
? PROGRAM

DELIVER IGS
» HOW &
 

ACCEPT
 

   

   

 
 

PROGRAM
SPECS &
PROC  
 

 

IGS PAD
CCTS

 

TESTS  IGS ACCEP_)
TEST SPEC

IGS ACCEP
TEST PROC

 
CKOUT

 
 

 

PRELIM FLT
PROGRAM

FINALIZE
IGS PAD
TEST SPEC

 



PROGRAM VERIFICATION
STEP 1- SIMULATE SYSTEM MATH FLOW

e ALL DIGITAL 7090 SIMULATION
e ALL MODES DYNAMICALLY SIMULATED
e CHECK SYSTEM MATH
e DERIVE IGS MODE TESTS



 

PROGRAM VERIFICATION

STEP 2- SIMULATE PROGRAM MATH FLOW

e ALL DIGITAL 7090 SIMULATION

e EMPLOYS SIMULATED GEMINI COMPUTER &

ACTUAL OPERATIONAL PROGRAM

e RESULTS COMPARED WITH FORTRAN RUNS
TO VALIDATE OPERATIONAL PROGRAM

e DERIVE PARAMETER TOLERANCES FOR IGS
MODE TESTS



 

 
 

  

 

 

      

  

 
 

 

  

 

 

  
 

  

PROGRAM TAPE

  

 

  

     

UIDANCE SYSTEM DETAIL MAG TAPErates MATH & LOGIC MATH & Locic |
FLOW DIAG FLOW DIAG |

1 CARD PER PROGRAM
INSTRUCTION OR
CONSTANT

CORRECTION

PRINT
SECTION PROGRAM CORRECTIONS

>} 7090 DPS |-p( F > 1401 LISTING REQUIRED 2
SYSTEM
TAPE La

ASSEMBLY



SYSTEM TAPE

OPERATIONAL
PROGRAM

 

 

RESULTS TAPE

  
  

 

RESULTS
 

 
 

  

 

 
 

 

 
 

    

 

 

 

 
  

     

 

 

 

 

    

 

 

 

   

7090 DYNAMIC
SIMULATION 1401

ENVIRONMENT
& VEHICLE |
DYNAMICS TAPE CAL COMP
(ASCENT/ OLOTTER

COMPUTER RENDEZVOUS/
SIMULATOR REENTRY)
TAPE

PROGRAM TAPE

RESULTS AGREE 1401 oes CCTS
WITH FORTRAN 7

N
CORRECT IGS ACCEP

PROGRAM TEST SPEC
SYSTEM TAPE

 



 

PROGRAM VERIFICATION

STEP 3-CCTS CHECKOUT

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

e ALL TESTS CONDUCTED WITH IGS UNITS &/OR
HARDWARE SIMULATORS

e PRIMARILY A STATIC TEST AS INPUTS GENERALLY
REMAIN CONSTANT



 

PROGRAM VERIFICATION

STEP 4 - FORMAL ACCEPTANCE

e UTILIZES IGS ACCEPTANCE TEST PROCEDURE DERIVED
FROM IGS ACCEPTANCE TEST SPECIFICATION

e TESTS CONDUCTED ON DELIVERABLE IGS

e RESULTS IN DELIVERABLE PRELIMINARY FLIGHT PROGRAM



 

PROGRAM VERIFICATION

STEP 5 - MISSION SIMULATIONS

DYNAMIC MISSION SIMULATION CONDUCTED ON
ACTUAL IGS 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

e RESULTS IN FINALIZING OPERATIONAL FLIGHT
PROGRAM



 

GEMINI
MISSION
VERIFICATION
SIMULATION

MISSION SIMULATION with

HARDWARE in the Loop

pe Real Time

Closed Loop
P Realistic Missions

 
Purpose :

Qualify Operational

Program for Flight



OIMULATION Components

m= HARDWARE

DC

MDR
MDK
IvI
IGS PS
TRS.
ADG
ACE Loads
GLV Loads

DAS
DCS

Rodar
IMU
Diserete Controls

e Displays

Laboratory

Fachties of

System Simulation

[ 7090 pps

BB#F#1
Prod#9

Prototype
oe

ee

oe

oe

ae

Interface Simulator
“e

n
Dynamic Simulator

a

tI

Mock -up



SIMULATION ComPoNENTS

PmSOFTWARE

Data Control Program

Interface Test Routines

DataTransfer € Conversion

Data Storage
Mode Contro|

Ascent Environment Revisions of

pre vVioOKksSRendezvou s Enwronment
simulations

Reentry E nvronment

e
n
e

e
e
,
e
e
e
,

Specific missions assembled from
above basic programs

Data Reduction Program

Reduce, Print, Plot

DAS , Discrete y Environment Data
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SYSTEM SIMULATION LABORATORY
(DATA CONVERSION, TRANSFER, TEMPORARY STORAGE)
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ENVIRONMENT PROGRAMS
DATA STORAGE

  
 

 

  
 



 

PROGRAM MODIFICATION

e 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

INTERFACE TESTS CONDUCTED FIRST

MODE TESTS CONDUCTED PRIMARILY TO VERIFY
OPERATIONAL PROGRAM

PARAMETER TOLERANCES DETERMINED BY EQUIPMENT
SPECIFICATIONS & DIGITAL 7090 SIMULATIONS


