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Design and Modal Analysis of Sandwich Plates With Variable Stiffness

LIU Yuhua' GAO Feng’ SHENG Cong’ HAN Zhenyu'
(1 School of Mechanical and Electrical Engineering, Harbin Institute of Technology, Harbin ~ 150001)
(2 General Department of China Academy of Space Technology, Beijing 100094)

Abstract In order to improve the stiffness of satellite main load—bearing structure, the variable stiffness
sandwich panel skin is designed based on the constant curvature arc curve and translation method. The equivalent
modeling, modal analysis and modal fundamental frequency optimization of sandwich panel with different initial /
ending angle combinations are carried out by using ABAQUS secondary development method and response surface
method. The numerical results show that the modal fundamental frequency of the sandwich panel with variable
stiffness design increases first and then decreases with the increase of the initial angle and then decreases, and

increases with the increase of the ending angle. The maximum lifting percentage of the fundamental frequency is

12.33%, which can reduce the dynamic coupling effect between the honeycomb basic bearing structure and the

equipment.
Key words Composite materials, Variable stiffness, Placement path planning, Sandwich panel ,Modal analysis
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Fig. 1 Continuous skin honeycomb panel with variable stiffness
PEAS £ B 7 g0 A e R g AT T S R T
TR FHRE H it Fe A B AS JEAT . LEGRAND %7 2
ALY 2 A AT s e A b . ARTAN SR
FHIEF AR BRARAY (1) 35 AL SR 010 T A8 W 2 A A
T PN I I i 228 A o

] P A 3 2 2 AR W 2 A R AT A
G LA AR S A R 2 ) M T A ) i A
FE 45 R SR 2 BEA T8 5 gk o o2 F et A
1 BE B THIF 02 A5 000 e il A A 5 o R s
Bezier [ Z&$2 T+ 1748 WI B2 2 4 A il v g . DA LB
S UL I I FH 22 FE Ak B4 £ 275 1 138 10 28 T $ v 45 44 1)
JEE RS B, I HLK 22 B0 5 3 12 A ik B e il
HEAT A M isb e, e 728 I e i A (4 485 285 43 B AR 1k
JEH A

AR LS il R B N 2R R R e R S AR
DL ABAQUS WK IF & 7 i 6 i B2 58 B e e b AT
B TG 55 AR RS o BT o DA — B RS S48k B
B, SEASTRIER 4R £ 4 1 fa 5 BEAT Ak, AT 9T 2k
A e XA A HEAT A5 1
1 FERigit
1.1 HMESERZTENX

FEIJC A B T R B SE  2 AR BT, 2
AR e B AR AR BT TR R
LRt RIAR, SO R E 4. MRIE LT FR T
AR SR AT 0 (B 3R 4 A 7 o An sl 2 i
O A [N Hh £ 5, O M IR R0, H R IR0 AE 2
F7 1) RS o A B LR EATE— 0 R A
SRR 2R 0 Bl R . SRR I A f B AT R A
Ty, A5 B3I T 22 38 A 90 [ Ry 2 A b o B AR i 4%
WA

x0=RsinT0=%=\0H| (1)
Ao AN TR A MR 98 B 5 R 225 A il
%ﬂéﬁéo
X FEE— o, A
x=RsinT, =x, £ x, (2)

FHIA BT 2 http : //www.yhelgy.com 20214F 21

L \\ »
»
* < T ig
o N\ Xa \ X | X
" '
i Xo |
N :
R ;
i
A
N
N
< o

P HIESEE N RO =3
Fig. 2 Geometric diagram of arc curve with constant curvature
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Fig. 3 Parallel method and translation method
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Fig. 5 Honeycomb plate model with variable stiffness in ABAQUS
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Fig. 6 Schematic of fixed support on four sides of
honeycomb plate
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Tab.1 T300 simulation parameters of composite layer

E\/GPa E,/GPa 7 G,/GPa  G;/GPa  G,/GPa

121 8.6 0.3 5.1 5.1 3.1
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Tab.2 Alcore5x0. 03 aluminum honeycomb

material parameters

E /MPa E,/MPa E,/GPa G,,/MPa G,5/GPa
0.1 0.1 332 0.1 43
G,y/GPa M s/ 1074 5/1074 plkg-m

62.4 0.3 1 1 27
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Fig. 7 Comparison of the first six modes of constant

stiffness and variable stiffness honeycomb panels
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Fig. 8 Optimized response surface of

honeycomb panel with variable stiffness
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