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Thermal Stress Failure Mode Analysis and Reinforcement Design of CFRP
Honeycomb Sandwich Panel Embedded With Clustered Inserts

ZHANG Lei' WANG Feng’ WEI Juanfang'

(1 Spatial Structure Research Center, Zhejiang University , Hangzhou 310058)
(2 Xi’an Institute of Space Radio Technology,Xi’an 710000)

LI Yanyong'

Abstract In aerospace structures, honeycomb panels were often connected with other components by clustered
inserts. In order to analyze the reason for the failure of CFRP honeycomb sandwich panel under the effect of
temperature stress, the theoretical calculation and finite element analysis of the failure stress were carried out. It was
found that the instability of the panel caused the structural damage. To solve this problem, the feasibility and
efficiency of two improvement measures of increasing the thickness of face sheet and local strengthening are analyzed.
Through comparison experiment, it is found that the local reinforcement method is more feasible and efficient.
Finally, through the thermal vacuum test, it is verified that the local reinforcement method can improve the stability of
the panel and prevent the instability damage.

Key words

Sandwich panel, Insert, Thermal stress, Reinforcement design

0 55

T 21 24 8 63 Al 5 PR L T B 4T A TR ARORT 0
O, BB B LU BE o X R 25 A e 4 B 45
FrE A%, HkeT 4 BA R4 vk, ROtz
FHF HAT 85 5 A B R A TLR R S S S 25 I S HE 4
P o M e 2 A T A A e R, R T
MR AR, o0 2 0 P ARG, L TR M 55 06 3 = ) ) e 4
S EEAN R, AN RE AR AR b BT L% 422 i s AR
SEPORAEAR T B A E . B R T

Wik H #7:2020-04-05

< A 1) S A, LR R 81 T A 0 T S AR
AOVE AT s 1 2 FR R T 4 SR BRI 340 iy O i
e T PIBANTR] D5 16 F) S M o R A A TR 2
HEES B AN R R 23 HR 32 0 F A3 fip B R T . 8
B BT ORI R 2 A
PR ry . M2 MR B A, SR A Y
TR B — I, s I VRS e U

SRLPE IR I A 1Y) DX IOR 45 M B 2 R R R Y
Y, I DX I T A A A A IR R R AR

BE—AVEB WA Ik EE, 1995 45 H AR A -H0F 98 A, T8 ARSI 5 H IR shim i AZ5F DAk 431 TAE . E-mail :21812170@zju. edu. cn
MRS A UEI7, 1964 - H A A2 Ol BP9 5, 3230 NS5 2 () ] R TS5 44 B B 2 [l LA 2540 g 2400 i SR 06 B R ST TR

E-mail : weijf@zju. edu. cn

FHIMEITZ  http://www.yhclgy.com 2021 4F 513



TR W S RECRA R, N T LR R
P BT RAIE A S B AR A5t B FIRIEE S
W EBAAE R RIS AR T TR
T 1) 1 5 AR ZEIRE L RIS , Bt LA X Ak
THRAASE R TEBOIRZS T, T PR 1 PR fik 22 B
WRT AR . 78wl T v R B A4 2 i i R T A
Ao T AP T8 PN 520 5 R ARG T TR TR B A i e e R
TR o TR AR Y TP A2 T DT S S AR A R
B, AR TR o PR IR £ 280 T B4 TrT A
(4 32 L5 L | 52 i JBE R R PR AT O AR AT
B B] 30— BRAE FA I A5 1 v ol T T AR L L
IE 3 e e AR R ) 2T A S Al . AP
3 af AR ), AR A A A A A S T R DX
ST A0 B0 A T P ) e o M A T R
R T

i CFRPIHR

HUREN: — by

K1 S s A 1A

Fig. 1  Structure of honeycomb panel with insert
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Fig. 2 Diagram of honeycomb panels connected by inserts
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Fig. 3  Failure of honeycomb panels with clustered inserts after

thermal vacuum test
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Fig. 4 Reference coordinate system
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Fig. 5 Pattern of wrinkling
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Fig. 6 Sandwich panel with aluminum honeycomb
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Tab.1 Material properties
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Fig. 7 Finite element model
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Tab.2 Lay—up of unidirectional laminate
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Tab.3 Thermal stress of the face sheets under highest and
lowest temperature

%5 oy/MPa  o/MPa | 245  oy//MPa  o/MPa
1 710.3 -710.3 11 573.0 -573.0
2 602.0 -602.0 12 635.1 -635.1
3 569.9 -569.9 13 580.9 -580.9
4 535.4 -535.4 14 591.7 -591.7
7 7315 -731.5 17 627.8 -627.8
8 600.5 -600.5 18 639.0 -639.0
9 699.0 -699.0 19 656.1 -656.1
10 591.7 -591.7 20 541.6 -541.6
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Fig. 8 Stress reduction rate when the panel is thickened
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