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Abstract: To clarify the deformation mechanism of aluminum honeycomb sandwich panels during
thermal curing, the effects of structural stiffness, interfacial friction, and foaming adhesive are investigated
through theoretical analysis, finite element simulation, and experimental testing. Based on the structural
characteristics and manufacturing process, a geometric model and a curing theoretical model are estab-
lished. Combined with Fourier’s heat conduction law and the energy balance principle, the thermal and
chemical reactions of the adhesive film are described, and a path-dependent model is adopted to analyze cur-
ing deformation. The simulation results agree well with the experimental data, verifying the accuracy of the
proposed model. Results indicate that structural stiffness has a significant negative correlation with deforma-
tion magnitude; reducing interfacial friction decreases the deformation; and the local maximum deformation
around embedded parts increases with the rise of the expansion coefficient of the foaming adhesive, while a
lower expansion coefficient helps maintain surface flatness.

Key words: honeycomb sandwich panel; curing deformation; autoclave; foaming adhesive; structural
stiffness; interfacial friction

SRR AR TR R R R AL A R
A PE LA T AR o S0 38 A 3R 60 935 5 BB et A e
TZ.

Xt 2 A A S SO Y [T A B R, AL-DHA -
HERI %MK 4 i 1 ik Nomex # 55 205 5 fii 25 7l
REHRTE T IS AL AT A LIRSS S
D5 500 B W o U B SJe J2 45 0 1 A28 T2 o [l g 5

0 3%

0 1 I O R A A LRI R Y
5] s K W i/ 17 e A AN IR AR AR
G AR 2300 AT I B A S0 R R 5
5o )2 I T R B A I BB A

B0 5 )2 B R 3L A g T
Ao SRIEAL SOE i B b 2 R R R 3 R AR

Y %5 B # . 2025 - 08 - 19
EEWB: LT AGFEREEELELBE(CYLGG-2024-1-32)

s A 3 3
YUAN S H0 T 52 5 B R 4R [ A i 72
HR ) JEE R T 1) Bk A o F RGBS I o B X 8 e
I B 3 I e R R TR SR B A A2 IR
- 1771 -



hE LM T AR 2837 B 2 7 2026 4F 7 H

FIE 35t 7] 8, SONG S5 R GERT T 1 B 405 1 g %
AETCAT R IR o O SR ARk B IR T A R ik
BRSE S AR AR O R AR AR N

11 A 350 A 7 R T 2 4 i [ A 3 20 1) A
SE  KRATZ Ak B i il BE T 11 A i1 e J2 A
SRR R R H S Z BRI AR 22 . 4
X B4 65 e 2 2 A B RO L 3 < A o = A
A A A S T Ak L e e L AL AL [E AL T E S
O B F 4R s P R . TAVA-
RES 25 o o P i k5 1 J2 A7 ik PRk 5 4L
WRIE T 58 PR 258 SR B 1B 30 [ B2 W R LA
13 36 3 P9 T 7 R I 18 o A HE A T T 8 4 52
B 55U R B B 4 5 B O U BB RE T =S it Y
R 1] T 20 D], 18 9 85 3k 31 B 0 0 4 TR T IR
GROVE % “BF 5% 1[5 45 1 7 il B B A ) 440 T
JE b b A s e i fin i ] X Nomex 55 .6h/
ik £ 24 - PR SR TR B 52 B I J2 M 8 6 52 By R i
S B RE AL IR EE SR N RIESZ HME B
Jr W) 52 G W 5 e SR A KA B 1 R TR L
N AT R IR U U I 1 T A R R R R X e
5 e SR AR T T AT A R

LA IF 9 [ 58 i 3 8 I )2 A i) [ A6 A2 JE AL
il T LSRR BUE 5 BRI R TR E T
(L N A& VAN S < G X N N
SRR A AL B R A AN A —
JEMIT TR G 22 4R Fp T 0 T 1) S i g A TR
e JZ B W A O TE Tz BT T £ D) fig
W T I S A R L TR 2 B TRy T 4 A ) T
LENGIV-& TV E SR SR R DN K P A=A
W AL AN R A S R AR R
9 1 5k =2 0 SR T 458 L 2 A N E L e i i
(4 2 A 3R B2 WA HE AT R e PR PRI ME L 42 T8 71
SRS AR AT B . T I, AR SR O I 4
T I 1) 22 T R e 155 I )2 A A e AT A i e v 7 A
1 T AL AR B o RS 5 LI 1) B e 83 oI 2 Al B T
FE A M E v I i TR 20 T [ AR 78 T Hh Al
A - T JEE F) B2

1 U R E AR

1.1 REEXREWRILMAEE

B 04 3 I S MR P AT B [ AL R 7 T |
WU E TAF AR JPET 2 B8 4817 [ 4k
W LR — B L T RS R B
B — 20, DL G WA RN A S Oy [ AR
75 . A2 DIREAE B DA % 14 860 5 e = A ) i
] A = AR B B, AT B 1k T-47C 5 DA JZE ) 3 2%

- 1772 -

BRI % o A T 9 /)N B T e 23 5 R Y A T AR T
AR B 1 1 34 e Al i o o A 2 T O A L 3 A0 4y
O FE R F7 . AR B, T35 45 2 Rl R 2 5 B0l
M b TR B T RN 6] L T PET 2 (Al Bl [
f0)2) BAy — 2 W3 VR ol 98 Aok b T Y
Tk B AR A 3

U L Hj.%ffﬁ BHCRIEI A B KR

,,7 < 7L/ 4747 7/\‘{,
o / \ ¥ E: I:I
V— 1 i
= =\ = -
lﬁ = ,
T om% EERSL TR AU
(@) BT R 25 4
A A LR -
I#/\-"P | r— et
\ <
EHE T# WIERTAH
(b) ELEEAS T L 25

E1 #AE#ELTEE

Fig.1 Autoclave curing schematic diagram
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Fig.3 Simulation flow chart
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Fig.5 Equivalent Model and Deformation Simulation

Results of Honeycomb Sandwich Structure
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Fig.6 Deformation of workpiece
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Fig.8 Experimental and simulated values of deformation
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Fig.9 Deformation simulation result diagrams for structural stiffness
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Fig.10 Simulation deformation of friction coefficient between tooling and plate
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Fig.12 Simulation deformation results of thermal expansion coefficient of foam
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