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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.
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Fig. 1 Spacecraft with Boom(REX-II)[2].
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Fig. 2 Temperature Distribution on Section of the Beam.
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Fig. 4 Thermal Vibration Analysis Model.

@ S=urA
50, L[fb (R, + 2)uy + by (R + 2)°O+ b0, +b,0,]dz
0
+m“p[ (Rn"" 7)110 (1%-5—7 X]A L)+ [XéX: 0
(10)

00, /
0

+my, (= (B+ 2)uy + (R+ 2?0, ]A(:— L)+ 1,6,= 0
(11)
Guy: a0, +ay, (uy +0,)) = h' ] = bty (12)

by (B + 2)uy + b (R, + 2)°0+ b0, + (b)) 0] dz

vy : a520y” +ag, (UU” +0_r )— h/ 7=y UU (13)
8, 1 ay0," +ays (0" +0,") —ay, (u) +6,)— a0, 1
—m/ [ +h] =, +b; )9 (14)
00, : a%@ +a3_1(u0 +0 )*a5 (v0/+01)*a520y' 15
m' [ +h = (b, +b14)0 (15)
@ AAzA
at ZZO;uU:vUiGHZQIZO (16)
at z=1;
a,,0, +a44(u0 +6 )-‘rm“p[ (@;""7) ]*h‘;{': 17(a)
(lszﬁy’ +agy (v, +0,)+ My, [vo (R,+ 2)0 } hT 17(b)
a8, +ay; (v, +6,) —m] =0 17(c)
agh, +ag, (uy' +6,) —m! =0 17(d)

oI7|A g FRES AL be ARALold
(== 1 9 2% a1 e @ oF U
Iz
DWEX Librescu?} Song, O.[6]oA] AME-3F e =83}
of 4 (18) ~ 4 (U Zo] fEstech B Belat Y
Zol BalolA] 448 o, BRN & f= Akt 4
(19)e} 2} (20)2 ol Hrh
m! :?g (ynN' — ENf)ds (18)
. ds
ml =@ (z NT-‘r dy )ds 19
y . ds (19)
dx
T _ 74T
hy = ﬁ(ﬂé 5 (20)
dy
T _ T
hy = 55<N 25 )& (21)
4. FA A
=g CUS PEEAY 3 W 0 F wael 94 &
5 AL e A BEe olgslel fANAS -



H23% 5 6 %E 2010. 12

A FAE ghe W BaA 2o @ A% 54 51

Wat7] glote] WSIASE ARk BUSS) Foz AT
T el FUFE Foka [0L] te® HESH o
3o WY Feel LEUAAS FEY 4+ ok 74 3
42 I/ FE AL T o5 AMESto] H|E ] Al
2 Axstel Agstdon A%k W 44 WY AN Al
550 5 5tgct
My 0 My 0 My 0 Qy
0 My, 0 My, 0 0 |6,
]u]‘; 0 N ]I/[‘H 0 0 0 qun +
0 My 0 My 0 0||q
ME 0 0 0 M; 0 q/
0 Mg 0 0 0 M|,
000 0 0 01][6, 0
000 0 0 0|lo, 0
00K 0 Ky K| g hy
000 Ky Ky K| g |T|nS (2)
0 OKS K§ Ky K 4, mlf
0 OKsjis Kll(i deo [(bo Don mlT
S7olA WlEet ket 2ol st
N
uy = 236,(2)q,, (t) 23(a)
i=1
N
v =23¢,(2)q,, ) 23(b)
i=1
N
0,=2>,6,(2)q, () 23(c)
=1
v
0, =214,(2)q, () 23(d)
i=1

5 A2 d uF

FA AL flote] ARGE 1A 2 B 2o ApE
Table 19 Ag3slgon, HWE {3}e] HST(Hubble Space
Telescope)9] B FAA| T AFEEHUH 2O A=l 2HA
ga 2" QR SFgoz AGHE BPYRY BAAE
Table 20| 4~%3}51c}.

Table 1 Dimensions of Spacecraft and Composite Beam

Dimensions of Spacecraft Dimensions of Composite Beam
Iy=1,=1,250kg + m? L=75m
Rg=1.0m R=159.1mm
My, = 2.0kg
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Table 2 Material Properties of S.S & CFRP [3,7]

Stainless | T300 YS90A -
Parameter Steel | /Epoxy | /Epoxy Unit
El 193 181 540 GPa
E2, E3 - 10 55 GPa
G12 - 7 5.1 GPa
G23, G31 5.6 4.08 GPa
Vyg = Vyg = V4 0.29 0.25 0.25 GPa
p 8,026 1,600 1,800 kg/m3
e 17 0.02 -1.2 1E-6/K
a, =ay - 22.5 25 1E-6/K
k 16.6 0.7 0.7 W/mK
c 502.4 625 950 J/kgK
€ (Emissivity) 0.13 0.84 0.84 -
€ (Absorptivity) 0.5 0.92 0.92 -
[Stainless Steel, T300, YS90A]
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Fig. 5 Attitude angle of spacecraft.



52 Uita

“$o4 B R ot

Fig. 591& 5% EX PN
(T300 2 YSQA)S A&3 Ao 94A %
AN @3S HolFm glek. Fig. Sl A S ZHEEI
At mdo| oh sAo] AuEw

SHkg A&

2002 Fo| $9e 71ZoR LS st B 2o Auet
= @ gxstgon TAA A3 gt ulat Table 4o 4
=st9et

Table 3 Thermal vibration characteristics of isotropic and CFRP

o[ S50 [ 225, | 5%
Thermal Time Constant 20.8 80.3 92.8
1st Eigen Frequency(Hz) 0.096 0.092 0.1082

B(Boley Parameter) 141 2.72 3.17
Dynamic Amp. Factor 1.58 1.33 13
Mass(kg) 0.73 0.36 0.40
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Table 4 Analysis Results Comparison for Stainless Steel Beam

Parameter FigRse_SLthsFiig_ 6 REF[3]
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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Fig. 6 Tip displacement of composite beam.
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Fig. 7 Steady State angle variation with Beam Length.
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My (1,j) = J‘ b (R, + Zb) idzy— mup(RbJrLb)(pJ(Lb)
ay(13)= [oo e,
My (i, §) / b1 dzy+my,d; (L[])(PJ(L[I)
Mud) = [ 060 gzt mis (1)6, (1)
L L
M (i) = / (b5 + bis) ¢ dzy, Mg (i) = / (04 + biy) 02,
0 0
L ’ ’ L ’
Kglii) = [ aud' 9 sz, Klid)= [ aud’ oz,
0 0
L ’ ’ L ’ ’
Ky(i,5) = / aud @ dz, Kyuij) = / a5 @' dzy
0 0
L ’ ’ L ’
Ky j) = / a5’ dzy, Kig(n,m) = / assd ip Az,
0 0
I, ,
Ky (i5) = / (apd' @'+ audid;) dz,
0
1,
Km(ivj): / ((lz)d’ 4’ +(14;¢¢ )dzb,
0
Lh ’ ’
Kes(iyj) = / (agpp' ¢+ asspip;) dzy,
0

Ls
Konlivf) = (B0 g1 [ 6/ ()6} (5. )y,
0



