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Optimal Design of a Large Cantilever, High Rigidity and
Special-Shaped Engine Heat Shield Structure
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Abstract: Based on finite element simulation and optimal design method, this paper proposes a
large cantilever, high stiffness and special-shaped engine heat insulation through topological opti-
mization and local refinement design. The first order frequency of fine stiffness meets the require-
ments of the overall index. The results show that the dynamic stiffness frequency of the heat
shield structure is consistent with the simulation results. Multiple flight tests verify that the a-
dapter works well. This provides design reference for the subsequent more payloads mission. It
provides an effective idea for the design of such upper stage structure.
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Fig. 1 Installation of heat shield structure

1.2 gt B

BT % B AL B AR B 22 2 T I T UL O B 1Y
KAV, AL | o 5 4 A A AR IS T o 1Y)
TR T ORUAL I BK ) & B AL A T A gk
HAA AR T o TR LR, R, el
AR K S PR R A R s R, S R Bl
e A ER A AR T AR 2 A R SRR B BL, PR IE R AT
Y ) 32 s A SR 9 o A

TR ZR GE R KT 1Y 45 K 1 Ok BB TR 4
R R G, S0 Mk B A BR T 0 BT 7 L K 45
B Rz . AR SCE ek R AMILAL Ty
R VR GRS EU R SV T
XPZ AR HEATHI L s 5 XF 43 A 45 2R % 45 1 i
T2 W ENRAR W R BRSSP g5 M, &I5E
I IS HE T & 1T Y & B FLE B,

7% 8B S s AL R BB R L SUAL T BK A B
MLRCAH A A AS IR A 4 . PR G, 1 S ok 9 IR
73k L s LR AR By i it A e . Ak H AR
R RN, RS T RN, R AR
T2 TR HE A I3 25 1 TR A B W 1 2
S G DI

s. t.; Cl - ZPIU,' < V
i=1

0<<p, <1G=1,2,-,N)

K, VAMEH&E;: o, HHPITTEE, EHIMLL
B AR HFRRBUTKU R84 RE0RE
/N

MAE iR e sk, KR8 708 L1k
S50, WhE T AN 2 FroR Y S B0 R B BB AR R A
PR, i G5 A0 L AR 52 006 38 % Bk A A, SR T gk
IHE B O R Pl RIFF R &5, TR TA
555 BELB L 1T 9 WL % s WL T AR B A K 8GR . SR
BT 09 B 2R 45 0 JF 78 & 22 9 I B B 44 2
ARG T A . KRB R v LA /D
T AR5 AT DR R A

FET XA A B w20 A B R AT T
10T, A PTAEINEL 3 R, UEAR 1 B AL
Bl 4 Fis

2 EIMLLEBI AR SN
Fig. 2 Initial shape after topology optimization
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Fig. 3 The finite element model of preliminary scheme
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Fig. 4 First-order mode of preliminary scheme (21.4 Hz)
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Fig. 5 Structural shape after local reinforcement
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Fig. 6 First-order mode after adding rods (28.0 Hz)
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Fig. 7 Structural shape of the exquisite design
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Fig. 8 Local reinforcement joints of exquisite design
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Fig. 9 The finite element model of exquisite design

U. Magnitude

+0.086 12
0

10 BHFITHR1MES (31.5 Hz)
Fig. 10 First-order mode of the exquisite design (31, 5 Hz)
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Fig. 11 Stress distribution of exquisite design
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Fig. 12 Measurement point on engine heat shield
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