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2. Heating analysis 

J. Thcl.lIIal analysis 

4. Structural analysis 
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FINITE ELE~~~ENT THERivlAL-STRUCTURAL ANALYSIS 

OF CABLE 5PACE STRUCTURES 

41' ANALYSIS INCLUDES: 

( a) CABLE PRESTRESS 

( b) APPLIED SURfACE HEATING 

(c) NONliNEAR TRANSIENT THERMAL ANALYSiS 

( d) NONl\ NEAR LARGE DEFORMATION STRUCTURAL ANALYSIS 

~ HOO? COLUMN EXAMPLE. IS USED TO DEMONSTRATE. THE. ANAL'fSIS . 
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APPROACHES: 

" '-. 

INVESTiGATE THREE. AF'PROACHES FOR. THERMAL-

STRUCTURAL ANALYSIS Of CABLE STlffENE.D 

SPACE STRUCTURES. 

(0 LINEAR SMALL DISPLACEMENT STRUCTURAL 

ANALYSIS WITH PRETENSION. 

tl I! 

(2) liNEAR" STRESS -STIFFENING SMALL 

DISPLACEMENT STRUCTURAL ANALYStS. 

j (3) NON-LINEAR LARGE. DlSPLACEME.NT STRUCTURAL 

ANALYS!S WiTH PRETENSION • 
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ANALYSIS PROCEDURE~ 

HEATING RAT£ ANAl~-~IS-1 

ELEMENT 

HEATING 

RATES 

PRETENSION ANAL '(SIS THERMAL ANALYSIS 

PRETENSIONS 

LARGE DEfORMATION 

STRUCTURAL ANALYSIS 

'if 

DISPLACEMENTS 
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LARGE DEFORMATION CABLE ANALYSIS 

,. 
~TRA1N - DISPLACEMENT RELATION ~ G 

E = 
2 

~u. + .L ( ~W) 
~X 2 aX 

L-u. 
~~===~&>2 

'oU'J 

t-~I 
~ 

NONLINEAR 
TERM 

k-. L J 

.... 
'" 

G FINITE ELE.ME.NT FORMULATION j 

ESTABLiSH ELASTiC STRAIN E.NERGY EXFRESSION 

PERFORM MINIMIZATION WRT. NODAL DISPLACEMENTS 

10 OBTAIN F.E.. E.QS. IN THE. FORM: 
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LARGE DEFORMATiON Cp,BLE ANALYSIS 

[ [KL] + [KNl(~)]]{~J 

~ '- v- J 

lINE.AR NONLINEAR 

{ F J 
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-THERMAL EFFECT 

LOADS - f'~E.TENS10N EFfECT 

- CONCENTRATE.!) t,.. 

l DiSTRI~U"fED LOADS 
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CABLE ELEMENTS WITl; THERMAL STRAH'\j Af\lD PRE STRESS 

STRESS 

t 
4> 5TRESS- STRAIN RELATION: 
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CABLE ELEMENT WITH THE,Rf\AAL STRA1N AND PRESTRESS 

_EXPRE.SS STRA1N €. IN TERMS OF DISPLAC.EMENTS 
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_ APPLY NEWTON -RAPHsoN ALGORITHM TO OBTAIN EQS. 
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EXACT SOLUTiON Or- CATENARY PROBLEM 

• DE"FLECTION 3)UE TO OWN WEIGHT: 
" II 
IHEXTE~sle,L.E 

- x-,-= ANi> S FOfl.. OR'GIN-"'- SHAPE AIRS:: 

OFlIGIWAL. 

I .l~ 1 ~. '" I 

~~ ~,!w __ # 

~---\ 

• "--~FLECTE' 
z=z.,=.!L. fLoZ\..(~§l.)- Cooli\' ~ f.J..- )1.)1 

rn.l ~H H ,-:I.. J 
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THEg~.rLA.L -STRUCTURAL ANALYSIS OF HOOP COLUMN 

(IDEALIZED 2-D MODEL) 
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PRETE.NSION ANALYSIS 

e USING A COMPUTE.? CODE DEVELOPE.!? J CABLE. PRETE.NSIONS A ....... 
I'\Kt=. COMPUTED 

W 
N 

,. 

SUCH THAT THE STRUCTURE. IS IN: 

REQUIRED GE.OMETRY 

EQUILIBRIUM 

e CAf)LE PR.ETE.NSIONS OBTAINED ARE. TRANSfE.RRE'.P DiRECTLY TO THE 

LARGE. DEFORMATION STRUCTURAL ANALYSIS PROGRAM (AS· PRETENSio'N<>< 

E.FFECT ) WHICH WILL BE INCLUDED IN THE. FiNAL DISPLACE.MENT AND 

STRE.SS COMPUTATiONS. 
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TYPICAL RESULT OF CABLE PRETENSiONS 

"' 

i! 

t 
362.5 N "> or 11: •• 

( 13.2. E6 N/m2.) <::; 2 jC~r. 

poX 

\.- 199.7 N t ~ ., Ib. 

(26.6EG N/m2.}) '" 4 I<SI. 

24.3 N I :: S Il 

/ 
2 ( 

(20.9E6 N m); ~ j 1<:1. 

00 
""1'173 
~~i 
02 
g~ 
o~ 
C".i;'l 
~~ t; r~ 
:!~ 

~." ;:.~ 

~ 

f 
;1 
~~' , 
!~ 
! -
j, 

! ", 
..; 

., 

, ; 

t.:: 

i' 
I , -

! , . 
'~--~~~~~----------~~---~----~~ 

~'~"""'~~-70g:~ " .:< " .';., 'c.', .:c> ~ 



RESULT Of CABLE PRETENSIONS 
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HEATING RATE 'ANALYSIS 

~ HEAT SOURCES INCLUDE j 

SOLAR 

EARTH EMI.5SION 

EA.RTH ALBEDO 

~ ELEME.NT HEATING RATES ARE COMPUTE.D AT DifFERENT ORaiTAL POSITIONS 

FOR AN ORBIT. 

() THESE ELE.MENT HEATING RATES ARE TRANSFE.RRED DIRECTLY TO THE. 

THERMAL ANALYSIS PROGRAM fOR COMPUTATION OF ELEMENT TEMPERATURE 

RESPONSES. 
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TYPICAL CABLE 5URFACE HEATING RATES 

('oj 

E 
............. 
~ 

.::£. 

" uJ 

!< 
d 

<!) 

Z 
I­« 
uJ 
I 

1-4 r 
,-, , \ 

I \ 
I \ 

I \ 

1.21!- I \ 

i.O I~' \ 
I \ 
I 

! 
.8 r \ 
..L 

o so 

I 
I 
I 

I ; 
\ I 

1;\
, , " 

\ 
I \ 

J \ 

II \ 
I \ \ . 

I I \\ 
j I \ . . I 

I 
I 

180 270 

SOLAR _ 

HEATING == 

~ 
I 
I 
I 
j 

I 
I 
I 
I 
I 

!~ 
f 

I I 
\ I 
\ I 
\ I 

" f 
- ----' 

360 

OR.BITAL POSITION ~) DEGREES 
W 
0\ 

~; _-"c,J~''--~-''-~~~'~"i~,::~::~~~_~. ~ .. 
.. " . 

"" _ t .. 

'. 

,,---- ~ -----.... 
Qs;UJT:::;7 

: 

t 

" 

00 
e:;.,~ 

-u5 
0-
o'Z 
"'~ ~ ;A) • 

O"t3 
C'2i_il 
}:'>~ 
t: [>1 
~­...-.;;.~\;) 

---- )C, 

" 

i11 

~ 
~. 

~. 
ir 
1 j , 
, 
1-
f 
I 

J 
j-

:::, 

'. ¢'t~ 
t::~J 



' ___ '_' __ "'_'_~_~""'~;~-~'-'-"'~'-.--7"'C: ....".. .' .'. ~~_.-;".," :.,~iJ~ 

THERMAL ANALYSiS 

o ASSUME. ISOTHE.RMAL ELEMENT TEMPERATURES. 

• ANALYSIS (NONLlNE.AR TRANS1E.NT) INCLUDE.S: 

APPLIED SURfACE HEATING 

SURFAC.e. RAD!ATION TO SPACE 
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FOR AN ORBIT. 

e ELEMENT TEMPE.RATURES ARE. TRANSFERRE.D TO THE LARGE. . DEFORMATiON 

oN ...., 

STRUCTURAL ANALYSIS PROGRAM (AS THERMAL EFFECT) fOR 

DISPLACEME.NT AND STR.ESS COMPUTATIONS. 
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STRUCTURAL ANAL'l'SIS 

o ANALYSIS INCLUDES: 

LARGE DEfORMATION (NONLI NEAR) 

THERMAL EfFECT 

PRE.TE.NSION EFFECT 

o DISPLACEMENTS AND STRESSE.S ARE. COMPUTED AT DIFfERENT 

ORBITAL pOSiTIONS FOR. AN ORf)IT ( QUASI - STATIC) 
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PLANS: 

& COMPLETE DEVELOPMENT OF PRETENSION PROGRAM. 

e PERFORM 2-D HOOP COLUMN MODEL WITH: 

(0 LINEAR ANALYSIS 
.. ,t 

(2.) LlNE.AR STRESS - STI FfENING ANALYSIS 

o PE.RfORM .3-D HOOP COLUMN MODEL WITH: 

(1) LINEAR ANALYSIS 

(V " u LINEAR STRESS - STIFFENING ANALYSIS 

(3) NON-LINEAR ANAL '(SIS 

G MEMBRANE. r-.FFECTS (?) 
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THERMAL ANALYSIS 

STRUC.TURAL ANALYSIS 
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