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Fig.1 Multiphysics fluid-solid decoupling framework for

autoclave composite materials
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Table 1 Relaxation time and weighting factor of 3501-6 resin

m 7,/ min W,
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2 2.921x10° 0.066
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6 7.943x10° 0.262
7 1.953%10" 0.184
8 3.315%10" 0.049
9 4.917x10" 0.025
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Fig.3 Computational model of composite laminates
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Fig.5 Schematic diagram of autoclave flow field

25 420
1390

-1 360

< <

1330

0 - 300

SR
_5 1 1 1 1 1 1 270
0 50 100 150 200 250 300

i} ] /min
Ko BLELR R KIE2E 4k

Fig.6 Maximum temperature difference curve of mold surface

3 EEMHIRARERRHER S
3.1 BESEARMISEREE

T ST TR RERSE LRI 5k T Ao R A B,
BT AR S R 2 N 8 T O R
UL A bhRHZ 100 2 B A R 50
TREN G BHAR R S E H BT AR N KR S bR A
B 40 , LR R S B 150, R B R

400
—=— ERiBlEE
o FRiBIEE
380 - -a- - EAGATHNR
- - - FRUASHEOE
360
X
2 340 F
=
320 -
300} _ -~ |
';.'-".' 375.9 4 » 396.8
380 385 390 395
280 1 1 1 1
0 20 40 60 80

s} [ /min
7 ATV I A5 R D 5

Fig.7 Temperature history of profile monitoring points

K8 iR AR R A

Fig.8 Schematic diagram of decoupling model

FAERERLAL
R

JZE i
> 27307

AT S B AR A s i), AR DU SR AL 2% . AR SUIRKE
A MBHZEG R AT DALERE EL SR T 2l , AS 25 A 1 AR T X
ERE P Rey LA

AWM B Z AL U~ A SRS S AT 25 TR T I 8 e 5
RS (TR RIS J8 ) %o B 3 | 1A B A 1o ) RS T 1 5 i, 44
JEHE T 2005 R I AS4/3501-6 A A2 A AR B v 4
T T, B HEFR 774 0.689MPa, AT 1 2 2.5m/s, .
BRRL L 25 AR AR R 40mm

PRIELB B 50min A1 60min (1) 75 T 3 BE 4 & 9 IR, 7E T
T8 o, BB A D I T 1) 7 398 o, 28 T i 32 37 00 B 3 A
/N

VA {38 Tk L R ) P 2 S T ) i A T 22 il 4R A el 10 T
I BRI 25 A TR B B Bt o 1 o TR R, 7 PR T
TR IR 22080/, 7E R IR B B K IR 22 MGG K 3 ek
BRI B ALK AT 080 N S AN 5] 43 A o

T Hh Oy 5 A P T R R R PR R BN P 11 s, 4
TRETHEARFR ST ER 40.4% , B 1 B2 19 22 8 T im0 L A% i DA
B B rh G A 120min B 353 50.78%

Fh ] T O G R 5 80 R ATRLEE 2k an e 12 B
TR FEFHIR BB, HE I I S 1 1 I B 1 T W] — B Y
HET TS A5 AR, 7 domin I, 1 5 5 5 N IR 25 0k B A



R A SEAPPRHE O G5 B G 5P 1o P 1) 25 0 I — DA 1T PR B o 41

L b

3624« NI T > 387.6/K
35 370 375 380 385

(a) MEI=50min (b) A ]=60min
P19 AS[R]HSF[B] RS HL AR T UL RS

Fig.9 Mold surface temperature at different times

50

22K

0 50 100 150 200 250 300
s [E]/min

B0 SRR A 1 I T fie A 22 il 2K

Fig.10 Maximum temperature difference curve at the bottom

of the decoupling model component

as5- . 452
1

420 | 150
______ 148
X 385 ~
i : | &
E‘E ’1 - iﬁ&,—_ 46 g}\-
350 - - - - IR z
—u— YRR {44 &
iy

315 L e

280 J 1 1 1 1 1 1 40

0 50 100 150 200 250 300

i [a]/min
BT JEA AL A E AT 2 (AR K
Fig.11 Temperature and fiber volume fraction

at the center point of the laminate

KA 6.9K 5 TERFILIT B , FE 30T Y 170 i 1 )il BE T2 R TS it
AV TR A LS AR L 5 RS 1 Ao 22 18

440

400
x
=
% 360
320
40 50 60 70 80 90
280 1 1 1 1 1 1
0 50 100 150 200 250 300
fsfa]/min
P12 S s o d e o s
Fig.12 Temperature history of monitoring points
PR 9.2K.

AAMENZG MR 1~5 S AR RS & 13 Fiei , 32 3146
FLIRLEE S 0 520 300 XA P UL B 205 s, AR i %) [ Ak 22 3k B
SN [ A B 2% S 38 B BE ML a5 0.3, I B HiT o8 B 4K
TEZE AR B 13 1min i, 155 5 S A AL 2RO,
55 0.063.

1.0
0.8 |-
0.6 |
il
=
i)
041 ——
—e— 2L
—a— 3L
02 —v— a4
—o— 5L

0 50 100 150 200 250 300
s E)/min

P13 M i o A fh £

Fig.13  Curing curve of monitoring points

[ Lk 52 J T T A AR 50 JRE B 1) 1) 43 A i 2 A el
14 Jr7R , J 7 H ORI T3 I A0 2 18] RO A AR R B50= 42 T
ARLRE A3 A1 L TS 1T HR O B 2R SRR B 43 Bk 0,503, T51 1 Hh 0
LT IRFR S50 0531,
3.2 AENETHIRRERS SRR

R T AT IR FERE N XGOS TR A MR Z A AR [ A
FROFZI , EE N7 AN R R T30 i B ) 52 G R Z A i 5



42 i 2t BEE B

Feb. 25 2022 Vol. 33 No.02

53.5

AR Vi %

50.0 L L

JERE/mm
Bl 14 Fa e JBERE J5 1) P AR AERFR A8
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Numerical Solution of Multiphysics-Thermo-Fluid-Solid Decoupling for the
Curing Process of Composite Laminated Structure Autoclave

Li Dinghe', Guo Yonggang', Meng Xianming?

1. Civil Aviation University of China, Tianjin 300300, China

2. China Automotive Technology Research Center Co., Ltd., Tianjin 300399, China

Abstract: The uniformity of the temperature field and the curing degree field during the curing and molding process of
the composite material laminated structure has an important influence on the residual stress and deformation. For the
composite material laminated structure with a larger thickness, the influence of flow compaction cannot be ignored,
and at the same time the air heat flow field and mold temperature field of the autoclave will also have a greater impact
on the temperature field inside the composite structure. This paper also considers the curing kinetics model, the heat
conduction model, the residual stress model, the flow compaction model, and the autoclave heat flow field and mold
temperature field, and a decoupling solution model of thermo-fluid-solid multiphysics for composite material autoclave
is established. Under the influence of several time-varying parameters, the change law of residual stress, curing
degree field, temperature field and fiber volume fraction during the curing process of large-thickness composite
laminated structure in autoclave is analyzed.
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