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Abstract ; It is difficult to achieve the purpose of lightweight design by using metal materials such as
aluminum and magnesium alloy for the bearing structure in a certain liquid attitude and orbit control pro-
pulsion system. The main bearing structure is manufactured with the carbon fiber bismaleimide compos-
ite. Under the premise of adapting to the mechanical environment and meeting the requirements of struc-
tural strength ,this composite material can achieve good weight loss to realize the lightweight design of the
system,so as to improve the spacecraft carrying capacity and increase the payload. According to the use
environment and functional requirements of the main bearing structure , after completing the material selec-
tion and structural design,the main bearing structure is subjected to multi-round finite element simulation

analysis and static test. Through the iterative optimization improvement with simulation calculation and
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static test, the product performance meets the technical requirements. The research method can provide

references for the application of composite materials to similar main bearing structures,,and summarize the

technical difficulties encountered in the project application of the composite main bearing structures, and

prospect the development trend of composite materials.

Keywords : main bearing structure ; composite material ; liquid attitude and orbital control propulsion

system; structural design; simulation analysis; static test

0 3|57

B2 f0 R AT 2 2 AR () R W ) 3 5 0 4, %
Fif NELE B AR R B R AR A R A
BT FIE . AR B 3h 1 R G AE KA Y
B RGZ —, R AL i3 nT DUR B i K 2% 8
AT KA R s HE SR RE AR, X T
WURAR & IR L R G — R E T
RRSEAER MR BN, 23 () B0k, X R G A T2

BRI B B 1 R 58 R T S5 R AT R
SIE ML, WS B A 4, il s LI T — AR A
FEQRIEZE AL 58 BE | W BE (0 A 42, D0 20 Jok e 4
ORI &, AN BE T 2 R AL BT ER . Bk, &%
AT IR IR BE A S, RS R T 4 R R
T SR AT RE K .

BExt ikl il ok A A AR 4 T8 4
b H SR | A 0 T 4 AL, AT
2y 30% |, [ A fift FH I B2 35 FBL Y, 52 RS 2 £
FERAE95% L) b T BE R A 4 1 = TR i O R R
Rt 85% 2, FEREAT BT, th T2 A MR A
A TR RS ) S P 4 A, T3 e 21 o R
e NP S TECE R I S e I = e N T
JE Hi WG 2 TR A BT PR B R E RT DL A
AT B FRTT A 3R T SE R NS
;17K I8 BN 25 AL i — A5 R

HATH I 32 AR E T2 B TR R
AR K2 HA 2L T T A RS R AT A R e B e
O Yk T BAUSHORLT 4 N5 4B 27 4 55 AR Sk 3
LGN UL R A L e I S0 Jee 4 i 2R
PR BR A5 o b &2 G b REAR 4l e AS [RI AR B
JIT RETR 52 (14 Bt AS [), B 4200 g £k 3R B — RS
#id 150 °C R I RS — B T i 52 200 C , XD
Jig— A #E i 250 °C, B Bk W e w4 ARG T 9 AT ik

300 C LA IR A AR A R A i S
s, CAERHBL S K ShpL s o Y T
PERELF LR PERENL 57 A, (EBIE A 2, i
57 TR AR 22 5 SO I B I EL AT T B e AR K
ML B PR BESF L A, B T A R
TERL 2 B LR LR 5 XU SR P e B Al
HAT B AT T e i W RG22
NHHEARL T ZVERE A, HN AN EAEZ A
T 0 S T R A Ay R 5 R T
YRS 2 1 FTTIR A 5° 20 o e PO AR AR R4, T Ao i
B gyl B2 R £ H R T, S I 3 — AR (ol T i
316 C) A AR (AT iR i 370 °C) 3R BE % ™ dh £
ZAEMLAS R A G5 R A

ARIC VA HE W A 4% B0 3 2R 48 vb R 19 2K
TR RTTER G, DT S IE#E i it 5 H oy
A e R 25 5 T TS, A1 S5 ml Dy 26 1B
LERE I B APRE J2 R ) A B B ) R A
2%

1 HFRERREWZT

ik B R ROCR BB B ) R 5%
HA ) T2 7R T 25 48 T R ik ZT 24 3 R A IR 3 A2 A R
Jrge. [RIAS AR O P LR S L Ry 180 ~220 °C iy
SR AL )2 IR B 25K, B 2T 4 3 R 9 1 5 A L
BEFH T800 Rk £T 4k , FL A4 Ak 5k A h ofe [k S R A i
(B2371) , i g b4 ) nT i e iR ik 240 °C il 2 77
ot S fet Bt A L R

BN s ) R R S SR B A,
IR G5 N R G T B e A R T
B4 NH 1 BRI BRIABEE A, Yl
RGP IRBUR R K EEA M, LA
BRI (/NG EAR 2000 1000 mm K ELAR 2
1200 mm, =242k 600 mm) 42 %5 ] P, 25 [A] 5
A FEAY RIS ), B 3 R ) 45 # T 78 4



CRIESE R

LY, A BB 1 RS SR R A R B S IR 73

fiE B A 4 2 8] IX B AT AL A A R 22 e . E TR T 4
PR L (a) Fros, BREF 4R 52 A AR AR
RENHLY B K 43 I A A 20 s 7R ) S5 4 2 A
K BHUE EH P 1(b) s o

(a) EK T A5 /R 7L &

(b) FE AR ) S5 2R
RN R IR

B1 FRNEMTEE

Fig.1 Structural diagram
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Fig.2 Schematic diagram of carbon fiber main structure

IR S E5HGR T T800/B2371 Hu i) #5255 44
BT AR RE BT B IR 1 . Lk
PR ALY 2R, T 2 R B PLT

VEIF il S ) 2 BRI, 5 e 1 < J B Bk, [ i 25
BRI HERE, 8B B K E &,
Ivil B, 4 8 A1 6 A 0 T 4 2 S (0 D ik | S 4 25 4
eG4
&1 T800/B2371 BEIEEEMHSH
Tab.1 Composite material parameters of T800/B2371
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A1z i &/ MPa 1 800
Y1) HE 45798 B/ MPa 1 000
& [ fisg B/ MPa 40
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Fig. 3 Simulation calculation model
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Tab.4 Stress calculation results of random vibration
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Tab.2 Calculation results of modal frequency

B :Hz M4 MPa

o e ORI BORBRI T BR KT AR DY
res Brii IR ey A
1 2 3 4 3 x Ji] 147.1 11.24 13. 68
8 149.8  163.3  164.1 308.9 349.4 ¥ 1] 220.4 13.55 11.99
W 37.2 38.2 55.4  76.0 77.4 2 1f] 127.3 6. 361 10. 49
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Tab.5 Stress calculation results of half sinusoidal shock
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Fig.4 Mode shapes of no-load and full-load
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Tab.3 Stress calculation results of sinusoidal vibration 80 i
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Fig. 5 Typical stress cloud chart of dynamic

simulation analysis
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Tab. 6 Simulation calculation results of displacement

Wi 5 D5 FH A 454/ mm
1 0.274
2 0.263
3 0.199
4 0.192
5 0.198
6 0. 189
7 0.110
8 0.102
9 0.113
10 0.102
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Fig. 6 Loading method of static test
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Fig. 7 Distribution of displacement measuring points
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Tab.7 Comparative analysis of displacement values

between static test and simulation calculation

B4 :mm
W 5 g 45 P Hit 545
1 3.490 3. 689
2 3.492 3.675
3 3.217 3.577
4 3. 066 3.420
5 3. 196 3.618
6 3.152 3.455
7 1. 400 1. 608
8 1.287 1.497
9 1.333 1. 647
10 1. 287 1.490
11 0. 488 0. 445
12 0. 443 0. 561
13 0. 469 0. 369
14 0. 489 0.544
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Fig. 8 Finite element calculation model
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Fig. 9 Diagram of structural reinforcement
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Tab.8 Comparative analysis of displacement values
after structural reinforcement between

static test and simulation calculation H{if:mm

s R AR IR S

‘ s sk

1 0.713 1.043
2 0.708 0. 986
3 0.641 0. 895
4 0.613 0.912
5 0. 645 0. 964
6 0.613 0.859
7 0.371 0. 400
8 0.35 0.367
9 0.373 0.410
10 0.349 0.340
1 0.089 0.105
12 0.111 0. 098
13 0.083 0. 068
14 0. 123 0. 124
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