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3.

SELF~SHADOWING OF ORBITING TRUSSES

By

Jack Mahaneyl and Earl Thornton?

SUMMARY \
= Determine ghadowing reductions cn heating of orbiting trusses 5

= Determination of heating rates with slender member shedowing
effects included

= Thermal response of shsedowed member

Analysis Appreach
Determine shadowing
Heating analysis
Thermal analysis

Structural ansalysis

! Graduate Asgistant, Department of Mechaaical Engineering and Machanics, Old
Dominion University, Norfoll, Virginia 23508,

2 pssociate Professor, Department of Mechanical Engineering and Mechanics,
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(o) CABLE PRESTRESS
(b) APPLIED SURFACE HEATING
()  NOMLINEAR TRAMSIENT THERMAL ANALYSIS

.

NONLINEAR LARGE DEFORMATICN STRUCTURAL ANALYS3IS

HOOP COLUMN EXAMPLE (S USED TO DEMONSTRATE THE ANALYSIS.
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FOR THERMAL-
STRUCTURAL ANMNALYSIS OF CABLE STIFFENED

SPACE STRUCTURES,

(1) LINEAR SMALL DISPLACEMENT STRUCTURAL

ANALYSIS WITH PRETENSION,.

(2) LINEAR STRESS-STIFFENING SMALL

DISPLACEMENT STRUCTURAL ANALYSIS.

ANALYSIS WITH PRETENSION,

NON-LINEAR LARGE DISPLACEMENT STRUCTURAL
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HEATING RATE ANALYSIS
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ELEMENT
HEATING
RATES

¥

THERMAL ANALYSIS

PRETENSIOMN ANALYSIS

ELEMENT ELEMENT
TEMPERATURES

PRETENSIONS
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FINITE ELEMENT FORMULATION ;
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CABLE ELEMENTS WITH THERMAL STRAIN AND PRE STRESS

s STRESS-STRAIN RELATION:
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CABLE ELEMENT WITH THERMAL STRAIN AND PRESTRESS
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CABLE ELEMENT WITH THERMAL STRAIN AND PRESTRESS
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XACT SGOLUTION OF CATENARY PROBLEM
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CTURAL ANALYSIS OF HOOP COLUMN
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USING A COMPUTER COI

TEN

SUCH THAT THE STRUCTURE IS IN:

— REQUIRED GEOMETRY

— EQUILIBRIUM

CABLE PRETENSIONS OBTAINED ARE TRANSFERRED DIRECTLY TO THE

LARGE DEFORMATION STRUCTURAL ANALYSIS PROGRAM (AS’ PRETENSION

EFFECT ) WHICH WILL BE [INCLUDED IN THE FINAL DISPLACEMENT AND

STRESS COMPUTATIONS.
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TYPICAL RESULT OF

CABLE PRETENSIONS
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RESULT OF CABLE PRETENSIONS
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HEATING RATE ANALYSIS

° HEAT SOURCES INCLUDE ;

— SOLAR

— EARTH EMISSION

— EARTH ALBEDO

o ELEMENT HEATING RATES ARE COMPUTED AT DIFFERENT ORBITAL POSITIONS

FOR AN ORBIT.

° THESE ELEMENT HEATING RATES ARE TRANSFERRED DIRECTLY TO. THE

THERMAL  ANALYSIS PROGRAM FOR COMPUTATION OF ELEMENT TEMPERATURE

RESPONSES.
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THERMAL ANALY3!IS

e ASSUME ISOTHERMAL ELEMENT TEMPERATURES.

&

ANALYSIS ( NONLINEAR TRANSIENT) INCLUDES:

APPLIED SURFACE HEATING

SURFACE RADIATION TO SPACE

ARE

FOR AN ORBIT.

o  ELEMENT TEMPERATURES ARE TRANSFERRED TC THE LARGE DEFORMATION

STRUCTURAL AMALYSIS PROGRAM (AS THERMAL EFFECT) FOR

DISPLACEMENT AND STRESS COMPUTATIONS.
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COMPUTED AT DIFFERENT OCRBITAL POSITIONS
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STRUCTURAL ANALYSIS

ANALYS8IS INCLUDES

— LARGE DEFORMATION ( NONLINEAR)

—~ THERMAL EFFECT

!

PRETENSION EFFECT

DISPLACEMENTS AND STRESSES ARE COMPUTED AT

DIFFERENT

ORBITAL PCSITIONS FOR AN ORBIT ( QUASI-STATIC)

0

N U YA i

s Stsanalbian,



&

MODAL DISPLACEMENT
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PLANS :
e  COMPLETE DEVE

@ PERFORM 2-D HOOP COLUMN MODEL WITH @

(i) LINEAR ANALYSIS

(2) LINEAR “STRESS-STiFFEN!NG ANALYSIS (ANSYS)

° PERFORM 3-D HOOP COLUMN MODEL WITH:

(1) LINEAR ANALYSIS |
(2) LINEAR "STRESS-STIFFENING ANALYSIS

{3)  NON-LINEAR ANALYSIS

¢  MEMBRANE FTFFECTS (9)

— THERMAL ANALYSIS
— STRUCTURAL ANALYSI!S

el
i3
2

¥ > .
e PR
- - .
H

[}

i,

¢ /
FEN ..



End of Document



