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Thermal Vibration Characteristics of a Thin Walled Composite Beam attached on
Spacecraft

Gyu-Sun Kim", Oseop Song“

ABSTRACT

Thermal vibration characteristics of a thin walled composite beam attached on spacecraft are investigated in
this paper. The composite beam is assumed to have a thin CUS(circumferentially uniform stiffness) wall and
modeled with several composite materials which are already space qualified such as T300/Epoxy, YS90AEpoxy.
Steady state angle and peak to peak error in spacecraft attitude angle and tip displacement of composite beams
are evaluated as a performance index for thermal vibration characteristics. Evaluation results shows that composite
beam made out of YS90A has nearly 2 times better than T300 in terms of peak to peak attitude error angle.

z =2
=

AGAN HAE G 8 SR U D A5 B4 Y AS Susiac 2 Bb ge Ma ¥F Ygoz
4ol Qs e stgon), s & x}% Mol ZE TI00/Epoxy, YSI0AEpoxyst Z:& £ Hesiol =
WS ST AR 032 % BYA Ho) Ba wgie) Uer ARAE R AW 0NE B AF 549 SR

stod Bristgl o], W7dd YS90A BRI AAAlel abzte] -4 oA 28 HEe) 4% g Hol ik

Key Words : & #1%(Thermal Vibration), 95> -%E(Space Structure), &4 E(Composite Material), YJA1H| X|e|(Spacecraft Jitter)

LAE o] olgh e Fio] WAREE A% Arhe FEu m7

& BEzre] duatel xjolo] ofd) FelETt FRAES A

A G UE B GAAZE A7 2] Bk sl | A z:ﬂ;*oo] shgebA "ok o2 stel BAe B4
33

A, Ug wet ol $4A B3 2xB) 348 9 BF 2 2- 9k A wREst 2gEe AANE ex7
L R g S bIe A50 WHR wy :a.sn% 2 S AL e 949 B30

oh A9 2R Y2 AR s 5w 27ayal = A Febt BAEA HER olF WA HsiMe

of Sl &t A = %Oﬂ AT 2RI ves ’sl?«ﬂ‘%}?%l"ﬁ*? Joll thg ool 7}~‘~“~5H°]: g B3| AAT
&b ek dlo] wiAa, Ay giofdle] BiAE B HAEA ek 2Y| daAlof olgk e EAHEE wlE @lzf—%
A 2EApo] SAHAT HY o] A v de & glolok A=Al eaE HAE + ok &

2 AR U 2EE fAEM) "ol 9%y 2 3 o) @A s HET AE 2 n=4] HST(Hubble

* Gl gt g oA R Y, WA A E-mail:gskim@kari re kr)
*» FddiEn ZjAFsEt



48 HAAd - $2A BRESMEBEEE
P 2E54E B dRUE AL PekE =T EWF
HARAE At E3 N ERE st EXF 54

Fig. 1 Spacecraft with Boom(REX-ID[2].

Space Telescope)?| ESHRHRE AR|sh= B F2EBA 4
Astx] Re @ 2% Aol A=Al 28 7 o] LAE
QI olF 7] $l5te] w2 B8 dlito] 422 FU

AEA B F2EA gt E AF Al diFt e
d7= 19569 Boley7b WheRe] d T2 $9 A4t B
BIE EFAZ A[l]e] EAPE = o dAolA Boley
= @ ol gt $HE F4F U olg J|Few I
159 FHeE FATE 4 ke M ARS8
o] ANHolMe dAFE v AX4E @ 72 SEPAAS A}
tol & sl o3 S 23 F2E S¢S 5YUA
Aok 28y YA AAE AREHEA E AE
of o3 Eery% 8¢ & 4@ ZoiE|(Thermal Flutter)7} 248

= 4ol EA=Sden oo disle 2o FHH3F, AF
A dFEol ul=e] wWRo} Fustel Al o
FHog Z=3 E9rKThomton 1992)[2,3]. U 7R
YA AFE HHE destA ZAE 293 g 9470
Bt AFE 2= YA AR §A% B gEt g AE
A 2hE sl a2 Yoich FUdidE dTd
A et Aol BIAY gre evEz mdydt $HRs}
FabE A9 R B g siaahae A ASHETHA,S5]
FZoe 53R 2B f4A FEYA "D
= FAlol glem olof wat Fig. 1049} 2ol Aol &
AEE B A2ES 72 5840 Hold EdAaR A}
7l YEiMe B B 2B d A%F EA O% At
gade] diF =ik

E d5olM= FaEE 314 ARE 718 24
o, ¢ HAH F) ¥ $FE& EIAF(T300, YSI0A)E A}
| & 7 B 2l oiste] ok o B4 2 =g

ol

o oo £l

I‘Ll-ﬂ.l

248 S,

2. QA A3 B d A5 EX

F39F Hobld @ WY B WML S
ot g FANT 244 GSAMYL

o
fuc)
ox
2

L

Ol
Fl"
Py
o
ne
=
2
oo
&

=
wistol W} 4t o|F AMES
244 AgAMY AHe FusATt 5
Auae) offt Sl BB TASYd Aot 1ey

Za3e] AT A do] BAAHE TRW o A5
7229 B4 wet ¥4 32 &y
7l 2 A9 wastel o o mARTE FAT
He §ESN e A0E WALk £ TEIelN d 2
F B4% 9] $istel Boleys Theat o] Boleyd] <l
AHB)E BT

[tr 1
B Jto= 1
ts s fi o

7|4 tr= d SHEA QA (Characteristic Thermal
Response Time)ol it FRLH EAI QA (Characteristic
Structural Response Time)o|th fg= FZEQ] 1x n&AZE
+ f19 A4 & Frolu, tr FRES] FHo wet H
£ Stojof dh=tll gF2 FAE Z= Y¥IHY AL tEr

Zol Aodrt2). . :

Q2 ool
NG
y
>
=Y
E
i
dn 12
ot
oX.

i
k4

H
b
K

k| 4doc 5% )OT5]1

— 42 2
pcR?  pch” moe @

tT]tube =

71 ke FRE A, piz B9 Wk, ok BigAS,
RS Ho) 8P, ok AHjE-RAT A% 2 WA Emissivity),
e 47|14 (Absorptivity), = HF Z8A o]t} Boley:
0]2]' ﬂ”’“ @a%%(yﬂatn)g‘]’ %a%‘?‘](VDynamic)g’] H](ﬂ Fé—
ZZ A4(Dynamic Amplification Factor)S Boley2] <129}
QAstel chew ol Helsiaint.

VDynamic:1+ 1

3
Vgatic vV1+ B2

4 Goze, Bt 2 P22 A9 $ASRY 38 §
ge) 2717k A FAsnE, WA O Ak FAT A




H23% B 6 Bk 2010 12 Aol A2E ghe W HAH 2o & 4% B4 49

[«

Peak) Gow E?/\]EP* Jitter Ei’}t -MM A dutet 7
A Aol HEF olof digt EAL dMnde AREsie] w@
thatofof gt

3. AA-ERIAE 4 F AR

31 ¢ dy 2"
A= E“il%]ﬂ
7 AR Aol

=1 x.

AgA o ERAFE e HEA B
A Bof dig & siA sRe F3t
ol of7jef 3&%4 ARmEE ALstolol ) ok Hy
A(Solar Flux)7h (X,Y,Z) FHEANA Y&o] oz Qi
i 7Hgete.

h Boom cross-section

Fig. 2 Temperature Distribution on Section of the Beam.
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Stainless | T300 YS90A .
Parameter Steel /Epoxy [Epoxy Unit
El 193 181 340 GPa
E2, E3 - 10 5.5 GPa
G12 - 7 5.1 GPa
G23, G31 5.6 4.08 GPa
Vig = Upy =g 0.29 0.25 0.25 GPa
p 8,026 1,600 1,800 kg/m3
o 17 0.02 -1.2 1E-6/K
o= - 22.5 25 1E-6/K
k 16.6 0.7 0.7 W/mK
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Fig. 5 Attitude angle of spacecraft.

I Iye 9AAY X&= 4 Y FAHEHEES
By SAA1l A F4loA BEA B %
Agjolu] L2 5 Hoj,

r;} }1‘6‘—

A% oy ®o| Aol



52 At - 24

BRESHRBEEE

Fig Sole 594 AnEHda A=l 23ys
(T300 2 YSOA)S 87 Aol 44 Z4ue Ba
A0S HAFR Ytk Fig. 54 SRS A4S 5
A% mdo] Yt siio] FREH (3] $BHo} e
2002 F¢ $HE /|20 HES std £ R0 Aue}
= & gxsigon] FAHe AT g uIE Table 40] 5
a9,

Table 3 Thermal vibration characteristics of isotropic and CFRP

o | g [ 20 T
Thermal Time Constant 20.8 80.3 92.8
Ist Eigen Frequency(Hz) 0.096 0.092 0.1082
B(Boley Parameter) 1.41 2.72 3.17
Dynamic Amp. Factor 1.58 1.33 1.3
Mass(kg) 0.73 0.36 0.40
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Table 4 Analysis Results Comparison for Stainless Steel Beam

Parameter FigRse‘S“‘}L‘SFii';' o | REFD3)
Tip displacement
- Steady state (m) -0.328 -0.34
- Peak to peak (m) 0.043 0.05
Attitude Angle
- Steady state (deg) 0.194 0.2
- Peak to peak (deg) 0.026 0.03
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