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Program Objective
Develop "an integrated analysis computer program

capable of performing tile conceptual/preliminary

structural system design analysis of large space systems

in a highly efficient and rapid fashion."

ProgramStatus
Contract NAS5-25767

Slartingdate: June 28, 1979

Duration of phaseI: I0 months

PhaseI:

Task I -Generate a detailed development
plan for the IAC

Task 2-Produce a simplifiedpilot analysis
code

IAC Specifications
i i i

• LARGE SPACE STRUCTURES DESIGN ANALYSIS
• THERMAL/STRUCTURAL/CONTROLS INTEGRATION
• LATE-CONCEPTUAL/EARLY-FINAL DESIGN

• EMPHASIZE EXISTING SOFTWARE
• EMPHASIZE NON-PROPRIETARY SOFTWARE
• PROJECT SIZE

1 TO 50 USERS
1 TO 5 USERS CONCURRENT _,

• HOST COMPUTERS - "VAX-LIKE"
LARGE VIRTUAL MEMORY

HANDS-ON USER ENVIRONMENT
LOW COST ANALYSIS

MODERATE SIZE PROBLEMS (500 NODES)
• EMPHASIZE INTERACTIVE GRAPHICS AND I/O
• GROWTH POTENTIAL - EASY INCORPORATION OF NEW MODULES
• PROGRAMMING LANGUAGE - FORTRAN '77
• SCHEDULE - OPERATIONAL FY-83
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IAC-CAPABLE OF PERFORMING

ii = i i i ii

II !it

V IV

IAC-Capable of Performing

• Tllermal/structural analysis ill a standalone mode

• Thernlal/structural coupled analysis in a sequential mode

• Structural/control system coupled analysis

• Quasi-static thernlal/structural/control system coupled analysis

• Fully coupled thermal/structural/control system analysis
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INTERDISCIPLINARYDATAFLOWIT_S

II I I il i I iilliml III

ll - THERMAL/STRUCTURAL

0 TtlERMAL-LOADING (NODAL-TEMPERATURE) MATRIX

0 MODEL DESCRIPTION

0 _TERIAL DEFINITION

Ill - STRUCTURAL/CONTROL

0 NODE LOCATIONS

0 MASS PROPERTIES

0 STIFFNESS MATRIX

O DAMPING MATRIX

O MODE StlAPES

O aA" AND "B H HATRICES

O CONTROL ROUTINES

IV -TIIERMAL/STRUCTURAL/CONTROL (TRANSIENT)

O ITEMS IN (||)

O ITEMS IN (111)

O TIIERMAL DEFORMATION (ELASTIC MODES)

V - TIIERr_L/STRUCTURAL/CONTROL (FREQUENCY DOMAIN)

O ITEMS IN (Ill)

O CAPACITANCE/CONDUCTANCE MATRICES

O LINEARIZED RADIATION 14ATRIX

O NEW ItTIIERMAL MODE" TECHNOLOGY ROUTINES/MODULES

Technical Modules

i i i i

SYSTEM DYNAMICS THERMAL

DISCOS MSC NASTRAN

COSMIC NASTRAN

SPAR

TRASYS

SINDA

STRUCTURAL CONTROLS

MSC NASTRAN ORACLS

COSMIC NASTRAN

SPAR
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Structural/System Dynamics

I is i i i i I I I I I Ill I

COP,PUTERPROGRAMS

DISCOS- DYN_IC INTERACTION_SIHULATIONOFCONTROLSANDSTRUCTURE

o APPLICABLEFORLARGESPACESTRUCTURES

- MULTI-BODYCAPABILITY
- CONTROLSYSTEM/STRUCTUREINTERACTION
- LARGEDISPLACEMENT(NONLINEAR)TIMEDOPAINANALYSIS
- LINEARTIMEANDFREQUENCYDOP,AIN ANALYSIS

o USERCONVENIENCES

- GRAPIIICSOUTPUT
- COMPUTERCODEMAINTAINEDBYCOSMIC
- FLEXIBILITYFORUSERSUPPLIEDSUBROUTINES

NASTRAtl- NASASTRUCTURALANALYZER
o gIDELYUSEDANDAVAILABLECOMPUTERCODE
o MAINTAINEDBYI_CNEAL-SCItgENDLERCORP.(MSC)ANDCOSHIC
o HANYTYPESOFSTRUCTURALELEMENTSAVAILABLE
o HASTeN/DISCOSINTERFACEPROGRMEXISTS

Thermal Programs

i |

RADIANT HEAT LOADS THERMAL RESPONSE OUT:
IN: TEMP. ON
TRAJECTORY, GENERALIZED INCIDENT FLUX RADIATION DIFFUSION STRUCTURAL

MOTIONS GEOMETRY SIMPLE SHAPES BLOCKAGE EXCH. FACT. HEAT TRANS. (CONDUCTION' CONVECTION) MODEL

AVAILAB_

NAS.:rRA,N. . I I NASTR.AN, I
I

T,RASYS.,2
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RECOMMENDATIONSFORINCLUSIONIN IAC

INCLUDE DONOTINCLUDE TO BEDETERMINED

ORACLES EASY5 DOPTSYS

MDELTA DIGIKON

LAMP MODEL

CSAP ROMP

TAF

OPTSYS

INTERDISCIPLINARYDATAFLOW

I I

WIIATARETIIEBARRIERS?

I POOR GROSS-LEVEL COMMUNICATIOtl TOOLS

- ANALYSIS ON DIFFERENT MACHINES

- STORAGE IN SEPARATE FILES

- NON-STANDARD DATA ACCESS

e SPECIFIC DATA-FLOW ITEMS ARE ILL-DEFINED

O DATA INCONSISTENCIES

O TECHNICAL FORM

- FINITE-DIFFERENCE VS, FINITE ELEMENT MODELS

- LUMPED VS, CONSISTENT MASS MAT_|CES

- ABSOLUTE VS. RELATIVE ACCELERATION SOLUTIONS

- BODY DEFINITIONSs TYPE OF CONNECTIONS

- NUMBER AND TYPE OF MODES REPRESENTED

- LEVEL OF DISCRETIZATION

- ETC,

O STRUCTURE

- UNSTRUCTURED FLEES

- SPARSE/FULL MATRICES

- RELATIONS

RECORD STRUCTURES

O FORMAT

- REAL VS. DOUBLE PRECISION

- FORMATTED VS. BINARY

FIXED VS, FREE FIELD
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INTERDISCIPLINARYDATAFLOW

!

IIOWCANBARRIERSBEOVERCOHE?

• PROVIDE A COrdON ANALYSIS SYSTEH AND DATABASE TOOL

• DEFINE AND ACCESS REQUIRED DATA-FLOW ITEHS

• OVERCOHEDATA INCONSISTENCIES

0 INTEGRATE TIlE TECtlNOLOGIES

- DESIRABLE HIIERE POSSIBLE

- SOHE REQUIREHENTS INHERENTLY DIFFERENT

- PREVENTS USE OF SOMEEXISTING SOFTWARE

- CIIANGES UNACCEPTABLETO SOME USERS

0 ESTABLISH STANDARDSBUT PROVIDE INTERFACES

- PREDEFINED FORMS/STRUCTURES/FORMATS

- PERHANENT DATA STORAGE IS UNIQUE, NON-REDUNDANT

- CONVERSIONS PERFORMEDEACH TIHE NEEDED

- DEFINED BY SYSTEH SOFTWARE/MANAGER/USERS

- IHPLEHENTED VIA MANDATE/GUIDELINE/COORDINATION

0 USE DATA REDUNDANCY

- PERMANENTSTORAGEOF ALTERNATE DATA FORMS

- EACtl USER/TECHNOLOGYKEEPS OWNFORMS

- CONVERSION REQUIRED WHEN DATA IS GENERATED/MODIFIED

- REVERSIONS NOT ALWAYS POSSIBLE (ESSENTIAL
FEATURES DESTROYED)

INTEGRATED ANALYSIS CAPABILITY FOR
DESIGN OF LARGE SPACE SYSTEMS

ACCISS
CONTROLLER

_M_D I

INTERPRETER
MODULE

DRIVERS

• DYNAMICS INPUT
• CONTROLS PROCES3OR

Moou_s I -_'_: I _:_:_.-] OATA I

• DYNAMIC _'O _. BULKMODES PRINT/GRAPHICS
• THERMAl.

• STRESSANO
DEFORMATION

_ALvs,s I / / \ \1 _r.sss I
' / / \ "t LOACS

ANALYZERIS)
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IAC Executive

COMMAND/MODULE/JOB FLOW

T I
SECONDARY [
JOB
INITIATION [

PRIMARY JOB EXECUTION J

r SECONDARY JOB EXECUTION

[

[PRINTERI

ACCESS C LASSt_ICAT1ONS

OWNER
NON_3WNER

ACCESS PRIVILEGES

PARTITION - CREATE. GATE
PARTITION INDEX - READ, DELETE
DATA STRUCTURE - READ. WRITE. DELETE

D_ Logical Orgmnizanbn

199



IAC/IPIP Study

it t i lu tlll |

PURPOSE

EVALUATE TECHNICAL FEATURES AND SOFTWARE OF IPIP FOR
POSSIBLE USE IN THE IAC

GROUND RULES
IPIP AVAILABLE ON VAX SYSTEM
IPIP SOFTWARE OF OPERATIONAL QUALITY

IPIP USER MODE (i.e., NO MODIFICATIONS OR MAINTENANCE)

EVALUATION CRITERIA
TECHNICAL COMPATIBILITY WITH IAC REQUIREMENTS

COMPATIBILITY WITH SHARED-USAGE VAX-LIKE ENVIRONMENT
RISK/PORTABILITY/GROWTH _
IPIP/IAC DEVELOPMENT SCHEDULE

IAC COST (DEVELOPMENT/OPERATIONAL/MAINTENANCE)

IAC Pilot Program
ii i

• TECHNICAL MODULES
DISCOS
MSC NASTRAN

• INTERFACE MODULES
NASTRAN THERMAL/STRUCTURAL
NASTRAN/DISCOS

• SOLUTION PATHS
THERMAL/STRUCTURAL
STRUCTURAL/CONTORLS

• EXECUTIVE

• DATABASE

• INTERACTIVE GRAPHICS

• VAX COMPUTER
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Demonstration Problem

• 30-metre antenna

• Bus

• Reflector

• Feed

• Solve two problem types:

• Tllermal/slructur:d analysis

• Structural/control analysis

IAC Demonstration Problem
Structural Models

l i

NASTRAN DISCOS

O HINOE _JUBER
X UNSOM
o SENIOR P_UttllEB

p Z Xl

IK_V $ 1cmov3 l _ lOOv 3
/

1QOV IS 18AlmmO

1QOV Q_lmmAM

IOOY #3 m IPLlXlL1

filial llJ Ill FIiNI_ | JI_IPT/=On QMI_4t&HII|OOM I$ m

#3 tO"fNds" ImlrN IITIPfNIM OlfllMO 1Y AOral IVlFF_IW MATflIX
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Work Breakdown Structure

n i I I |1 I

1. MODULE INTERDISCIPLINARY DATA FLOW

2. EXECUTIVE SYSTEM

3. DATA HANDLING TOOLS

4. INTERACTIVE GRAPHICS

5. DEMONSTRATION AND ACCEPTANCE TESTING

6. MULTI-HOST COMPUTERS

7. DOCUMENTATION
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