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Semi- analytic Model for Modal Characteristics of
Combined Panels of Solar Array

LEI Yong-jun, LI Dong-xu, TANG Guo-jin
(College of Aerospace and Material Engineering, National Univ. of Defense Technology, Changsha 410073, China)

Abstract: Based on the theory of transfer function method of distributed parameter system, a sem+ analyt ic model of strue-
tural dynamic characteritics for solar array is established. In this model, the solar panelis divided into some strip elements, and
the joint hinge on solar array is simplified as a uniform beam element, and the strip element and the beam element are combined
by displacement continuum and force equilibrium at their common nodes. Numerical results of modal characteristics for single

and compaosed panels of certain satellite solar array are presented, and these results are compared with those of finite element
method.
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Fig.1 Combined panels of solar array
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Fig.2 Semt analytic model of solar array
M, 0 M, e
‘ \ M,
A B
® / ’) ®
AI;‘IE
3
Fig.3 Nodal interna forces of beam element
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dw (x)
dx
6[\“(.%) - va(x, w){u/l}: [Hw,m(x, 0)) HIV:LB(x, (,O)i|{u/1} (1)
us Hivna(x, ® Hiwnp(x, ® us
M(x)
Mny(x)
Hi(x, ©) €ER™® , A B ,
x s Hivua (x, ©), Hiwp(x, ©), Hina (x, @), Hing(x, ©) €
R 3, Hiw(x, © , © , iv AB xX= XA,
d T
{w(m LX) gen) Qrxa) M(xa) MAv(xA)}
A us Npa ,
d ) T uA
{w(xA) w(x4) Ov(xa) Q(xa) M(xa) MN(xA)} = (2)
dx Npa
2wy (xoye)
(a) displacement components of node C (b) displacement components of node 4 and C
4
Fig.4 Internal forces and displacement components of common nodes
, (1) AB A A B
Npa= Hivya (x4, ©) us+ Hivwp(xa, @) up (3a)
s AB B CD cC D
Npp= Hivya(xp, ®)us+ Hinp(xp, ©) up (3b)
Npc= H@Nc(xc, (*)) uc+ H@’\’D(x C» (o) up (3C)
Ngp= Havc(xp, @ uct Havp(xp, ©) up (3d)
Have(x, @), How(x, ©) €ERTS €D Ha(x, ©) €ER™ ,
He(x, @) , CD
[3]’ 4
2(a) v, A C (
, ) , v A C , us
uc( ), v

4],
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{w(x,y) dwlxiy) Q(Xy) e y) M (x.y) Mxy(x,y)}

ox d
y (4)
[HPiVuA(x, y, @  Hrivu(x, vy, w)} uA
CLHpwva(x,y, © Hpwne(x, v, @ | ue
y <7 ¥ ¥ (xy) ;
Npa= Hpivna (x4, ya, @) ua+ Hpivye(xa, ya, @) uc (5a)
Npc= Hpivna (xc, ye, 0)) us+ HPivNC(xC, ye, ‘*’) uc (Sb)
, B D :
Npg= Hpang(xp, yp, @) up+ Hpavo(xg, yp, @) up (5¢)
Npp= Hpavg(xp, yp, @)ug+ Hpavp(xp, yp, @) up (5d)
, P ( Plate) , v @® , A,B,C,D
A,B,C,D s
Npi— Npa= 0, Npg— Npg= 0, Npc— Npc=0, Npp— Npp= 0 (6a,b, c,d)
(3) (5) (6) . ABCOD :
Higy (24, @)= Hpgyy (%4, 45 @) Hyp(xy, ©) = Hpigo(%4.54, @) 0 A
Hiy(xp, @) Hiyp(xp ©)— Hpayp(xp, y5, @) 0 ~ Hpayp(xp, ¥y ) u| 0
- Hpiwi (xc ye, ©) 0 Have( xc ©)— Hpiwe( %6 ye, @) Haw(xe @) wl
0 = Hp@yn(xp.yn @) Ha(xp, ©) Hop(xp, @)= Hpan(xp, yp, @1 | wp
(7)
K(®)u=0 (8)
u= {us, up, uc, up}" , K(®)
2 u 2 2
det/ K(@)]= 0 (9)
s @
, ( (8) u)
1
1 MSC/NAST RAN
0. 2% , , 1. 8%
5

2. 163Hz,
, 5(a); 3. 160Hz, : 5(b)
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1
Tab.1 Natura frequencies of combined panels of solar array
1 | 12.505 12.487 6.678 6.667 3.769 3.759 2.167 2.163
2 [26.252 26.200 7.465 7.449 4.334 4.320 3.169 3. 160
3 [37.510 37.432 15.620 15. 582 8.629 8.599 5.590 5. 569
4 165.310 64.856 20.040 19. 879 10. 242 10. 162 7.2051 7. 155
5 | 8.145 87.446 25.721 25. 488 16. 430 16. 321 9.2442 9. 181
6 | 88.912 88.032 29.824 29. 459 18. 178 17. 900 12.4446 | 12.249
7 | 102. 457 | 101.243 | 38.033 37.533 22.317 22. 002 16.8987 | 16.695
8 | 109. 030 | 108.425 | 48.415 48. 323 25. 318 25.273 17.0079 | 16.985
9 | 142.819 | 141. 872 | 66.337 64. 972 28.323 27.747 20. 660 20.137
10| 152. 105 | 150.297 | 68.254 66. 203 31. 607 30. 595 23.572 22.837
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(c) second bending mode (5.569Hz)

(d) second torsion mode (7.155Hz)
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Fig. 5 The first four natural modes of combined panels
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