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Table 1 Mechanical parameters of high modulus carbon composite

laminate and aluminum honeycomb used in the FEA model

HEZ% L AT SRR

E, /MPa 280x10°

E,,/MPa 6.3x10°
m 0.30

G/MPa 7.88x10°
p/kgem™ 1700
@ /1070 -0.32
e /1076 C 7! 22.7

1.2 ERZMMATEE

BRI E S EHER S AT oA, B
TELE R EALAL S5 Aa 2 5 P I A A K i = A 1
ARG =5 > 3T AR R AR AT 5 4
DL L i AR S e A v e ™ A 4
AR SR IZ B TS LR R4 SRR AR 2240
s, FAT IR T T SR ML T A 3 24
ik RIRIE W AR R A Ak KT
W AL LWL AT A R R R S
A FROCEA I A AR 8 BE A D it AR e R B 1
B0~ 1 DXA], Ak A e v i oo M S A 0 3 AT
HE— B (A TR AR S A AR 1Y off [ B Ak DA SR
ZERRPRM AR AR BAGE R S5 ML
FARER LA 1 52 5 MRS R BT O7 58, 7 24k
ST AR R 25 SR LA A LA Sl = AR BE A

SRR SE DA A A O TR R AL AR AT
AR, I B A A R 451 o7 B 72 i SR A
BEor AT ik AT , Hvh i ok G5 A AL T LR BA 2
LR IR oA 0 el T AR A R T
VAR A RS BR T 2R DL, b 75 25 XPE A AL 19
GERMS A A XA T 0 TP BB AR
BT AR B RIS 45 A4 R A o 0 R ) R
T, G5 45 A7 i 1) RAEURE S M 45 R A5 B 45 4

FRP/CM 2018. No. 12

R 2R JE oA

FEA IR A R AU B, B T E A Y
SR AR A ATt TR A (5 B A
A B AT AU R B ELHE ZWIME R W R, 3 5
W SACH Je R R T A 4 SR R DL, DR e DG f i ok
AR AL f e UM 5 S8 52 5 R T RS R v
A2 bR MRS IR 5 IO 3l B B AR B e DL B B
B IG SE SCRBEE A M TR B B IR
MFHAE, i B Bk =R ik, 15 2
PEREFEAR LY | T L n A7 i A 5 M RHE 2L
e A8

2 GRS
2.1 MR

i F Hypermesh 504 7 A8 %85 1 32 25 A 0 F MG
AR DL 2, o R 8 DX Bl ML AR X R,
DA UREE AR DU AR DX I, T 00 Sy 4548 R\ 5
20 CTHE] 100 °C FRE, Hrb S i i [ 2951, 1
i A TP R REEE IV XY YZ B 5 v X AR DA
W E AT A AR /N R BAR, BV Ly + Loy +Lygp + Ly,
~4D WL XHE B/, 60% WA AR DAk 20 R kAT
Ak BT E S T A LA, B LU AR 25 1 5% ]
AR, AR TS TR BTSSR

B

K2 fofesin

Fig. 2 Finite element model of optimization

XTI 8 A B, T R T R A A 2
R A, = A 1 XA ) 5 ELAT AR DA R A RS
L Z e 8 A i, A RECRUEBE A R 45 X AY (3]
TEHERETE AT VR HTT 1 A PV RN, Herh 4
A 2 B AR SR DT A AR B L R T
PRI R TR AR AR E R P R E]
B G RIAY

HOLAEE AR A 3 iy HAREAS AL AT LA HE A



2018 % 12 A

WM/ A MM 91

P BRI Hlsest, BAMEM ALY 1. 93 mm
23t 14 R AL S 8/ R 0. 0064 mm, FEAE AL
S E T U T RS A B KT 0.5 1Y
T3, Bt k) o 75 A B B 43, Hea X3k 45 4 v
MAZEBRIGER 5, A GEMAT A I T, O/ B Y
DX I A 22 2% g7, 22 [0) ) 45 ) L 235 g 1 1) 2 4 IX O
FLRGE R A 1 AR LB, (A28 44 1 P I A, DA
T A5 235 49 v JE At 50 3-8 B A 265 b 24 T 285 4 1) 2
T , Horp 5 S AE % 12 DX mT LRI R SR 254, 25
BT TFR B R w35 JLR & UL 2544
PO W R i, BERE T R i T o 4
¥, BEMRAE T R , SARIAT A EE R XT L, 45
RILE 4,

ion=14 yalue=0.00647209

1.93

=

\f:o-u—v—-—o

K3 Al R ik s 2R IE
Fig. 3 The curve of objective function with iterative

& topology optimization results

-t T

K4 fife/mghtpeiy
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Fig. 5 The comparison of thermal deformation
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Table 2 The comparison of the topology optimization results

ISP S/ kg AT/ mm I/ Ha
EUYGERY 6.04 0.648 404.8
wmiMLALE 5.60 0.535 629.9

Al -7.3% -17.3% +55.6%

2.2 ZHEFEARMN

PEATEEAE SR RE AR I, 1 e X R MG AL IS S 4
PEATIEARILAL , B AR b i dse N, o BRE 2071
AR AT ARSI LA R WA T RE

AR & 7 IS 2R, % 085 G A T 21
R AR IS BE S A AN BE I T8, I AR 3
5 AR, BARG R 9 A IXKER, BEAS XSUR BRI E R
A AR BUEM 1 mm ~4 mm 38 5045, 51T 400
K Hammersley HURE | 738745~ AS [m] DXl JEE B2 4% 10 %of
T DI 3 AR 5T B T R e R 3R R T X S A I R
Ml R [ Fof %o J5 k5 W) /N A 8 52 R 4T Jm A A 2, LA
i v AL T A I 8 AR R AT, %ot 6F I 8 5 i 5 /N )
iNpOpriNee AN A RN A )= aa e d 3 1S
SEF R BT,

value=0.00224065

000504

K7 JESUL e B R4 R IR
Fig. 7 The curve of objective function with iterative

& topography optimization results

K 8 (a) BURE UL N AT 2 T =AM i pE AT U
(g =4 A, o3 A7 1 v R] LU HE A A g
R, e AT BRI 14 5 5 B, AT LA 5 T A AR
FREAEUEZS ], (& 8 (b) A7 45 2R AR A Y
(LB AUEIA , X TR A RN I AR, AN [R] BT €0 DX 33 B AN

FRP/CM 2018. No. 12

Componentl
Component2
Component3
Component4
Component5
Component6

Component7

Component8

Component9

Component10

TR 220 ®uouw e w

DEEEECODNODEOEED
o000 OOQOOOROE®

Component11

s

Component12
Component13 15 [

o
©

Component14

(b)
B8 HUREBLRA Bt Az i il B A
Fig. 8 The distribution and description of different variable

P 9 v i e 71 B A [i) DX JE 38 A ) T A
gy alois g1 B- St S e NN e B ey
H LS 4 5 B AR Y VR L RE A REAS B OR A9 4R i
I B2 A N, R BT 14 S AR
T 55, Dol INJEE JBE 2 (i 23 g T B A R U/, I EL XS 11 32
SN, BT ATE AT 45 A SR BE LA i i A v, B 3%
LRA G IR A AN AL A0 T R UM 5 A A T TR R
M i DRAS: 81 o O LI 8 il J 2R 9 25

Label o Mass
4 h4 mihd (71004582 0.0049270]
10 h10 m_1h_10 65398960 | 00050223
3 h3 m_1h3 52034319 00061311
2 h2 m_1h2 15289883 2.27e-04
1 hi1 m_1h11 0038
1 h1 m1h1 0.0036941
1 h7 m_1h7 98196698 00014903
12 h12 m_1h12 |2.8133156 0.0033675
s hs m1hs8 | 1.8440652 0.0032203
5 h6 m1h6 06931936 | -857¢-05
13 h13 m1h13 -0.1120920 00016297
14 h14 m_1h14 82517161
5 hs m1hs 84400778 6.58e-04
s ho m_1ho 10345732 |196e-04

1O 2% R B2 AR T i i A EE AR I [ 1
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Table 3 The comparison of the thick optimization results

i 5 AR Jii/ kg AL/ mm FI5/He

EEININ 4 5.602 0.5358 629.99

R 4.527 0.5237 672.34
Al -19.2% -2.3% +6.7%
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Table 4 The three layer schemes with the least
thermal deformation
fi_a b fi_c fA_d fi_e

— =30 =75 45 -90 60

A/ He i F%/mm

604.26 0.364

-30 -60 45 -90 60 611.86 0.303

|1

-30 60 75 45 -60 602.38 0.278

2.3.2 HHEITARBEMED T

F T2 0 A R T TG T2 AE )=
SR A BEAR 25, BT LABE XS b 3 b g 2 T 2000 )
TR SRS TE e S AR RS RE 1, A TR T8 O A e
B EL+ 1o N AR HEIE S 01, I 1EAT 100 YT 5
WEAIL A BURE 25 58 B0 S AR IE 1) o A, RAR S,
WS FERT,

K5 FFE—MEG XA RS

Table 5 The results of condition 1 under different angle

W H H/ME FHE RRE brifii2:
fii_a -31.842 -30.011 -28.449 0.546
ffi_b -76.381 ~74.994 -74.095 0.484
fil_c 43.817 44.914 46.392 0.525
fii_d -91.099 -90.037 -88.861 0.496
fli_e 58.796 59.971 60.911 0.545
i % 0.349 0.365 0.380 0.007
e 595.251 604.443 610.070 2.420
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Table 6 The results of condition 2 under different angle

moH N FIE wRMH i
fii_a -31.842 -30.011 -28.449 0.546
f_b -61.381 -59.994 -59.095 0.484
fii_c 43.817 44.914 46.392 0.525
fii_d -91.099 -90.037 -88.861 0.496
fii_e 58.796 59.971 60.911 0.545

i ® 0.293 0.305 0.317 0.005

o 602.979 612.030 617.625 2.377

KT FREZMEH XA EERE TS
Table 7 The results of condition 3 under different angle

W H He/ME FHE RKRE PRk
fi_a -31.842 -30.011 -28.449 0.546
fii_b 58.619 60.006 60.905 0.484
fi_c 73.817 74.914 76.392 0.525
ffi_d 43.901 44.963 46.139 0.496
fii_e -61.204 -60.029 -59.089 0.545

i 0.275 0.283 0.311 0.006

| 596.385 602.369 609.370 2.290

MIUF 7 S35 teoRE, AR 2 J7 58 A0 B2 1) Bt
B A7 T 20 A [R] 7 T L 2 X6 465 4 $A AR TP % O
P A P Bl o R B AR bR ifE 25 A E
0. 007 {1345 H P IZAETE 0. 349 mm ~0. 365 mm
JEIN Bl T )7 58 s/, bR ifE 22 R 0. 005,
{845 HFMUAZEALE 0. 293 mm ~0. 317 mm 70 B N
3, ATLAE TR D7 SRR U] 250 B KA
ARTCAB B 3 A1 AH 228K, B IR A B A e 2k,
RS A0 )= 05 =X, A A A A /NI H R A A
AR e/ N (LB 13) ) H A0 o0 A o e A 1
WU, 2 F T A 45 # R [ -30,60,75,45,
-60] FHJE %, IR X WCRFH[ [ -30,60,75,45,
-60]. ], W2 HE, WK 8 ATLIA W, Mt/ L
A A PR TR AR 2 T A R8N, AR NI EE AT
I B AERATE IR T 2 K

k8 fABMAE MG M T F Tk

Table 8 The comparison of the angle optimization results

i H 2R JEE/ kg AL/ mm HAT/ Ha

B 4.527 0.5237 672.34

A 4.527 0.278 602.385
AL 0 -46.9% -10.4%
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Fig. 13 The final thermal deformation result of structure
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Table 9 The comparison of three kind of optimization results

T H 4 B it/ kg AZEIE/mm Hei/ Ha
IR FMIE L -7.3% -17.3% +55.6%
4R R -19.2% -2.3% +6.7%
2 R 0 -46.9% -10.4%

=S -25.1% -57.1% +48.8%
S % 3Tk
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OPTIMIZATION OF HIGH STABLE COMPOSITE FRAME STRUCTURE IN THE SATELLITE
XING Si-yuan, LIU Hong-xin, ZHANG Yu-sheng
( Beijing Spacecrafts Factory, Beijing 100094, China)

Abstract ; With the increasing accuracy of the satellite payload, the thermal deformation of the frame structure
as the satellite body and payload transition in the space environment cannot be ignored, and the thermal stability of
the structure needs to be investigated at the initial design. In this paper, Hyperworks finite element software is used
for satellite high-stability composite frame structure, and the topological optimization of the structure is emphasized.
The structural configuration, the thickness of the ply and the angle of the ply are also investigated. The weight, stiff-
ness and heat of the composite frame are also considered. The results show that compared with the original configura-
tion, the optimized frame structure quality is reduced by 25.1%, the fundamental frequency is increased by
48.8%, and the thermal deformation is reduced by 57. 1%. The Hyperworks topology optimization method signifi-
cantly improves the composite frame structure, can guide the design of satellite high stability composite structure.

Key words: high stable; topology optimization; FEM; composite; thermal deformation
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