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An analytical method to solve peak temperature of curing process of composites
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Abstract : During curing and molding process of thermosetting resin-based composites, the low thermal conductivity in thick-
ness direction hindered heat released from resin cross-linking reactions to be rapidly transferred, causing temperature overshoot with-
in the structure and affecting molding quality. To rapidly and accurately calculate the peak temperature during curing, perturbation
analysis and dimensionless treatment were used, treating nonlinear resin-curing exothermic heat as a linear perturbation to transform
the complex nonlinear problem into a linear one for precise prediction of the critical thickness and peak temperature of composite
laminates during curing. To verify the analytical model, calculations and comparisons of the peak temperature for three composites
were performed. The errors between analytical and finite element results are —1.7%, —4.0%, and —5.97%, which confirms high accu-
racy of the proposed model. On this basis, the influences of parameters like equivalent constants and specific heat capacity on peak
temperature prediction were explored. Compared with traditional finite element method, the proposed analytical method only
requires modification of material curing, dimensional, and process parameters in the program for efficient calculation, greatly
improves efficiency while ensuring accuracy and provides strong support for optimizing the curing process of thermosetting resin
composites.

Keywords : composites ; perturbation method ; curing ; peak temperature ; overheating

BEEWH: HxRmE IR LRET(20232Y01037)

BIEMEE : TR T, BIEU, WEE 7 0] o S S A e A R

YR B 2025-12-25

S A& BB, JOIRE, WU, 5 —FloR R A A A R Ak BRI (ER S (AT T2 (0], TARIRLI L 2026, 54(3):97-104.
HE Kai, YUAN Zhenyi, JING Ye, et al. An analytical method to solve peak temperature of curing process of composites[J]. Engineering Plas-
tics Application,2026,54(3):97-104.



98 AR

2026 4E, 45 54 4 55 3 1

St L ARG e 5L 2 A AR A % /N 1
558 R AR B R T T B AR AT, AR AR R
T A AT R R A TR A A S B AR Ak 1
FHU, XA R R S A A RN 5, LA T
CHFEINERE T2 MR T L fids T2 S5 T4
SE A IR TR A — A s 0 SR R Bz, B
30 3 A0 SRt i S B i 1 B Ik s Nz, T S
PRR AR ML R Y S 4 AE — 1 4k T2 i
£ (MRCC)H TH g [E 4t , {H 2 MRCC 38 & H T )&
FERHINE SR RNZ B, X TR ERIENZ AR
FEATEATEAM, HFEAMRERE T 19 i S34
RBUBAK, 242 AU B R T B R B, 41 [ 1k s
7 P BRGE AR ME S S 8 B 3R 2, FEUZ A RN
05 L SRy < VLR e v I G R R PN S U (I
WL T 2N A IR . Rl i i & 5
JZ AR E AR AN Y 35 & 58 4% I ) RN AR AR TR 46 )
B, ANLAN I, 06 3 B2 30 ] B 2 M Ak A ) 11 B 3
LA AR IR B S EOERR NG i, 5| & 2 axm) it
I, B PR A MR A RS e A TR 3 v B
SRR R ST 1 S

WA PH SR s 2 T2 S50 =AMk T A%
TR AR B SRS | DA R AE 45 5 JEE IS Xof Iy 1) WA {30 8
C N B TR A MRMITSE S a2 — AR
TG EA] LA [ A R TR 1 B, Bogetti 456
& T AL T 5 A ARG SR A BR 22404
AT A M AR E A R A R B B
Cheung 25" LR ik B = 4e 258, e T
J2 B R JBE R A AR (s g 2] i TSR ]
COMSOL £ FRICHAE X 52 A R R Bt [ fe 4 7
THUEBAL . Yuan VG SR A A RHE LR E
A BT 2 H AR AL ik se 8 T X L T2
2k i & BROLAL , B AP UL Wl 5 00 B AN I 5
Ahmadreza 55" o ## 7 = 4EA FROCAE Y BF5E T
A MRLRTIT A i B B (B R B AR b, IR 45
TR R AL R A AR Al TR R 3 4 A B RS
Sun PR A BROCAS R 78 T N ) 5 B v i e )2
M [ A 3 A 430 8 A 5 WA (TR B, S5 SRR WA B
TR B G, 45 ke PR 2 H B BH S A < T
FURLEMEC\E <38

SR, A RGO Bl R A R 4%, AR B &
AR BL, I8 T BB S) o3 Hc i e KT
BT AT T RS B R 3R Ty . R T LA —

FPRH TR AN [RURA o} IR 5 ) DA {308 B85 7 3, )]
IR N AT T2 i e B, Tl i Jot
5330, Secord AFHE A 48 TN 2 A R
() — e AL SOy BE AT 0 B AR A . (HR %7
AR EE 5 A il T T 1 Rl A Ab B, 33
WS P hak B ) SR A iR 25 3K 3] 50% , Jo i i T REfb I
FR TR o AR SCEETAR T ) 2= R B Be rhes Y
Peshik Ikt I, 456 —4E 55 Ty [ AL HsiRl> =4 i
T X HR-Ab 25T BRI T AR S TC A AR LY
bl —4e Ry i .l AR LR AR IR [ A
I IR AE X R A I 2y, 5 2 A A Lt
R R Ak R 2V IR R A TSR A, 52 ot 52 G kL Z
B MR R R 5 0 IR B ARG AR T . 3% A
BT BRI FEORUETH A I AP T R
KEFHHRRE,
1 E&#HEN IS ER-LFIER
52 MEREY Ak o AR R — S M R AR 2
TR AL S R, D (1),
pcc«aa—tT _ 0=k g;f + K, g;f + K ‘?;z{ 1)
K :p, 2 A MR BE 5 Co MR E A
255 TR s ¢ 9 IF1a] ;s O A [k e A b i Ak 2
RV KK, KRBT x y .z J7 [ () S
O X (2).
0= p].V,HO%X ()
Krrep, IR BE s Vo R AR R 20 %5 H,
PR AR AE Al R R B R A s
A0 R 5 dov/de A 1 4k S %
HR A S R AL B PR B AN [R] , P [ 4 sz 7 R
B 530 n G S VAR | A AR ABE 75D AT Kamal 5578
=25, 4R 3) (@) (5™,

W dew| - g 0 - 3
i?—AeXp( —IfT)(l -a)'a “4)
?Ta {Alexp( —R]',)a’" +A2exp( —R;)}(l - a)

(%)

A A4 A, A, RICRIA T E E, E, VTG

e, R R EE SR H R mon AR R B, X 3)
2 (5) TR (6),



BRI, 5 RIOR ARG ORHE s BRI (ERUR AT 15 99

= tew| - )t ©
o o) Ry 1A HLEE PR R
ANFR(D)FN6)ES AR LR, ELIFE AL RN A
FEARE R G C R WO SRR R RE . AHXT T
[ b TSRO 10, YR AR A H B ) AR R T
Ko BHIE, o LIXF 220 6) A7 i fb i, Horp 4 &
(1A B 1 R B o) T LA TRTAR R — A SR R CLo R
TR A PR, JE B T ) AH T 1 P 7 [n] ) I
BEEETE R, N T dE— 2 e, 78 i 2% 18 2 T )
I AR AL . B AR S 0 K 6) A (D), 1T
BT
p‘.C(,%Z’ -pV.H,A exp( - IfT)C“ =K, ?32]; (7)
2 EERUIENSHT
Te it NARAL AT LA SR Ak AR 25 R i
Z I T 49 7 AR B o T R T I T R A O AR B
SHCBUE, A Sy B AR . Wi e X
X7 T IC I N Ak H
% , L
l:pc4léz ; T,,=% s l=s ®
s o, SRR TAIBR B 5 7, A R AE R B AR B 5
SRR FERREE s LA )25 MR z ] BB B 5 O, R s
AR Bl 1 Ak s g e o A i
ANFHRFRIISETC NI W (9).
T.=E/RT, ; T=T/T, ; i=t/t,; :=2z1 (9)
L TC AN AL B WK AR DGR N A RS
o — A~ ar, WX (10).
L’p,C.AC,
e S
Kb DA IR RN EL, 2 — DTN S H
FFAEAb 2 S A st 1) RO 5 H At gy Bl R (3t
Bl R A B[R] R AR R
HETPRE AR 1 207 B (7 T f S =K (1),
FI T FRATT 43 M AN [R) JEE B A4 A6k 1) 3L R B i) 2 Ak

0.=VH,; D=

of D T T

o) = (b

PRI A R A RO AR R IR ] A X T
L SR LY 22, PR T LORE(7) 46 S —A>
LI [ 220 AN B A A 1R, i A S W (12).
H T 220 1 AT A A P e e, PR 4 TR T
B IN—A BN 6 (2,7), BADURE L B AR T A9 22 1

i, LaR(13), Hoh &R (14)

D T, oT
_Zexp(_?) - 622 (12)
T=T +cO(317) (13)
=0, ‘ff =0
: ) (14)
R
:=1,T=T, e =0

K1) BRAH T, = TIT,, TR EIEE;

expl=2) = expl—exp ; L e0(2) Ty HARBILL

280, s e g 750 2 R 70 1 AR i P30 s 1oz
PAAVE R 2 A AR (1R B (52 R 5 0 (27)
SR A AL 2 R 23 4 5 R R (61 A S 7 i ) ok
WA B A2 e R

Xif R T AT R B SR TSR U, A B B 8 e,
I (15). BRASHICAKX13), B n 3:8(16), %t

c =% (15)
d’6
= =—Bexp(6H) (16)
D T,
B eewp (17
- _ o d0
z2=0,—==0 (18)
z=1,0=0

BR6)E—HE AR IER, BT
PR RO AT £530 5K(20), AR 1S 2 (0 25 A5 1E U
AN, T B 2 R 2 B SR I T LR R, O
NG BB R . TR TR T A5 3] =X
1), @i R a8 Tk i fg 21X (22) .

230(33) = Bexp(6) (19)
% =+./2B(exp(0,) — exp(0)) (20)

0= 6, - 2Incosh(z |2 exg(g‘)) ) 1)
0\ _ Bexp(6,)
exp(j) = cosh( | 5 ) (22)

K, Bw = P exgw“ ,A1E0(23).(24).

Ko, NESHCT T, BNz = OB %R A A7 5 0
MM, AT 2C(24) K15




100 AR

2026 4E, 45 54 4 55 3 1

cosh(w) 2
20°
=In
6, e (24)

1 R R N £, an & 1 7R | cosh(w)/w
TERR MG O T ZTCAR Y, B E R AUTE X RS 0L
PIFE, UB/INTEET 0.88 1}, cosh(w)/w A i, [
A B P A A AR BRI S AR AT . Bt
(17) 7] 0 B A I TP S Bl , SR R85 D
FREEIRE T AR T TR R s R 5
At a8t o) AR 2 [] R RE X PR AR I 5 B<0.88 RV AT
KGR S Do T D W HR YT L, A 3 A AR
RV R KRR L, WLt (25). Mt ik A D
B, S B 17 100 Ay 2 1 3 23 8 1 A 3 3 3, A 7R g
TR o w5 X L [ v A B>0.88 , T I L, T
SRAE I PR AR R T

/ 3. SZKZTSZ exp ( % )

L.= P 25

,,,,, D CACT. (25)

TEAR BR ISP L., J Bl B, 38 AR ARZ S DL F
AYIREELIRE 7, L3K(26).

Tmax = Tl)(fs + %00) (26)

ATV IR R B SRR T 52 A
BESECN L T 246 ¢, 18 55308 80 C, % VI HE
Ko B3O RIAEN )27 07 BEEEAT T ffkEALEE, H C,
SER T B B PR ) o A CAHBURE A ) Y
B AL, DO i {0k 8 0 0 55 Sl A, AT Ay [ Ak
FIFA BT A A FRERE K R R T AL S
B, EE R T 0. 45 C(EHCRE o) 7E [ 1L
MO EN 1 Z AR B~ F- 391, 83 THR IR , W IR

30
cosh(w)/w
- - - p=0.88
— - p<0.88
20 — —p>0.88
38
2
=
8

P pRER G Rk

Fig. I Function solution criterion curve

JEE TR &5 S AT R KT, R, C A BRSEHUR 52
R0 AL S O TN 7] B AN 48 o305 2 118 G Ak
PR PR i 0 A R T o AR R T BB
B T b BE B (T sl B B e s o (BB 3 Ak i R
T B B0 B R RAR /DN, B g B AR, R #h A
B A 38 B TR, DA IR BN 25 R A TR i B
TEBEIE - AL B B, B4 i [ Ak St s b, [
AR REAS TG i, WA {3 B 2 P AR AR I B Bt
PRI , SR P8 s -3 358 Ak B BB SR B RRS A) B (B
TAERCOLAEIX E(0, )FRSHE B R T PR TEEE
JE R BT, FR3 b BB S T s I 422 30 5 I R B i Ak
SR SR A RE o AN [R)B Rl P 058 M o 1140 BE AN []
W H R 0.40~0.6" S 25 AN [] SCHR Y B i A5 5 Rl
AL e 7R 0.5, SR AL 5 i [ Ak B AE
0.9~1.0, 7E LR 0.95, >R FH X 1] (1) R 43 S5 34 7R
X [E] (0, DBME, R EER T4 C. 2
it
3 REZSH

TEXT =R R RE AN [FREE A 25 Wi T
W EEG 53 B, R AT 2 XSl de (R B2 5 A FR T
D FLEE S LT, J W BT A B 75 8 B TR ASOR . R
A BRITIH 5 A P RHE A0 IR B 19 J7 1 © 30 B
2 F] ] ABAQUS #i 4 45 4 F 12 /¥ HETVAL .
USDFLD \DISP 1] DR i [& £k i B

B — P BB M55 J/VTCA01, 280 i 3%
190, T2 4 w1 ia i B2 20 °C, LA 2 °C/min [ T
T HE HE 2 120 °C, £ 45 min, K5 L4 0.3 °C/
min JHE R R THE E 135 °C, 475 2 h, fi )5 L
2 °C/min WFEIRE FFER B =l . 28 MENZ AR
KB FXERR IR O = B R R Q235
G T B b R R ELR 5 A T
ZMRIRE AR — . L, R R e S A
R 2 A AR T R S B L T2 R Ry

£1 M55 J/VTC401 B fE# #1551
Tab.1 M55 J/VTC401 resin material parameters

Parameter Symbol  Unit Numerical

value

Composite material density P, kg/m’ 1686

Specific heat capacity C,  J(kg'K) 1150

Thermal conductivity K, W/(m-K) 0.85

Equivalent frequency factor A s 3000 000 000

Equivalent reaction activation energy ~ E J/mol 91 700

Unit volume heat release 0. J/kg 0.210

Resin density p, kg/m’ 1300

Equivalent constant C, / 0.124
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Tab.2 Comparison of the analytical solution of the composite

20 000

Thickness(L)/  Analytical peak Simulated peak Relative
mm temperature/°C temperature/°C error/%
5 120.69 120.44 0.204
10 121.41 121.74 -0.508
15 123.83 123.93 —0.083
20 125.20 127.36 —1.700
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Tab.3 Comparison of analytical solution of composite AC531/CCF800H with simulation results

Thickness(L)/mm Analytical peak temperature/°C Simulated temperature peak/°C ~ Percentage difference between the two/%
5 190.07 190.22 -0.08
15 190.45 191.74 —-0.67
25 191.24 194.46 -1.66
45 194.39 202.50 —4.00
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Tab.4 Comparison of analytical solutions and simulation results of

composite Multipreg HX42

Thickness(L)  Analytical peak Simulated peak Relative
/mm temperature/°C temperature/°C error/%
3 85.09 85.26 —-0.20
6 85.63 86.09 —-0.54
12 88.27 90.59 —2.57
15 91.21 97.02 -5.97

0.090
-
0.075 F lower limit of integration 0.40
,/\/(
oy 0.060 - lower limit of integration 0.45
-
0.045 lower limit of integration 0.50
-
0.030 F lower limit of integration 0.55
—
lower limit of integration 0.60
0.015 ! : :

|
0.80 0.85 0.90 0.95 1.00

Upper limit of integration
B4 RREESKEIG C IR
Fig. 4 C,value curves for different integration intervals

RBEEE ALY B LS B3 1 BR S 7R A B A IXC[H]
C,MEHZZ TS, UHIZ 095 I EAT BT
VR 38R PRI R, Oy Rk By AR IX
W], &SR R ATRHS C (EHRRER i1 E4G

5 L) 45 mm S AC531 Bk R 6], C, BB
0.25~0.8, WAEE C AW FRIELFE L, AN (R B T, 1)
S, BE C AN, BVRRSY R BRAE)S , T, 08/]
IR PNIEE S e b S OB & R i R
J AT T SRR EERUR R AR T g, X
SRR BRI M 0.5 YR 22— b SCE )
T TR 70, L, Bl K, 6T 52 B o T 146 S
AP FVFR . B T RRIEE 0.5 2% & —FHLE A5k

- 199
=197
g <
= 4195
o o
<193
0.06 ! !
0.025 0.050 0.075
Cﬂ.
Fls BRBRURRE L, FIE(IEE T, B C RS2k

Fig. 5 Curves of limiting thickness L_, and peaktemperature 7, asa

function of C,

T FER R T T00I0 %) JRE B 1B A 1 5 10 [T O
TIE T 0 ) 068 L 908 P8 E A M 2 A R Bt mT ISR
FOMARSF AT, RIFR 2 B e U i, 7E 40—
SO JELRE SRV R A T, 0N — g %)
BERTHELENT . REdE s TR
F0.45,

SER bERHE X TR A R R S A R, A
L p CHIK5, LLACS31RHAE M, K 6 k(e
TR EREZ AR A IE DL, 7 AR T i
WA Y5k 5 B L A AR AR L. AT LAR B iR 25
3 L5 IR R B R e . P R T AN
TR T B A0 A X L %) 552, 3 3 R P 5
FE PO i B C IR ML R . nsm 2 s/ VR 43 T B
P K C M, R 2275 i — 2 i 0 RS Y 52 ]
o3 B 45 5 by SRR F /N BE U/ N T 1522 (E X
FRIFR R UL, AU — PP KT iR%E, wRET
o TR KR E A T 6 7 il ak KA T R
N C BE, BRI/ [ — 6 7 0] R A 12 Y 52 )
ot B A 485 SR R X TN R B A S 25 SR s itk — 2P

—— C_ at the lower integration limit of 0.5
- C, at a decreased lower integration limit

220.-— C,atan increased lower integration limit
\
215
210
O 205
o\x
<5 200f
195 |-
190 -
185 L L L I}
0 0.02 0.04 0.06 0.08
Thickness/m
6 ANIF C, TR SRR EE YOG R I £k
Fig. 6 Thickness vs T' _curves at different C,
220 - thickness is 5 mm o
— —thickness is 15 mm L
thickness is 25 mm K
— - thickness is 45 mm
210 - — - - thickness is 65 mm
S - - - thickness is 77 mm -~
= I Po
200 |- - -
;/,/r/"/r ’/7(7’,*'
190 - e e et e - -t !,';

1 1 1 1
500 750 1000 1250 1500
Specific heat capacity/[J-(kg-K)™']
P17 ANTR)JEEBE T A S I R B O AR i 2
Fig. 7 Heat capacity vs 7, _at different thickness

max



BRI, 5 RIOR ARG ORHE s BRI (ERUR AT 15

103

DA, AEX 7 R JRE B ke bl 25 Ui /N i 22, S PR B X R
18 C, BU{EL A2 38 3 42 e ] o000 g A0 R 2 2 e e 1k e
T WA R B . [l 1] 6 R 7 W RER 4T
BONERERGL, ZHN/NEATF A 77 H: 2 DR
2o fHIE X TR IS R UL, S8 /INVE LX)
SERINFE e BRI o FERJIEE U H 2 BR ISR
BT ) HEA TSN I , 4 RS BOORSUE , 4 R
5 &g

()T AL RN Ak 50 )2 5 f , i fE R Lk
PR i 351 £ SR i AR A X e Ml oy iy 4R 3l
P52 WA L [ G A Ry et Il A, 4 5 10 T
WA 3L BB S0 A AR A

MBS T A RITITE 12T B AR PR IR R
THERE RSO AR = T IHRRCR

GRS FRUH AT HE— 2500 #r , W DR L I
A BRI AUR B HERRE | R INE 25 225 3 i
T TN GO R E SHEAT I, 4 i 15 v
e,

(DX TH/NRE R GHORTL, B | RS
BN S A B AT R R 2E . (R X
BRIRE RGN ZE0 /ISR 25 2R 1 520
JEELRAY . AERIEJE U HIEAR FIR IS B B ) #4715
I, 7 Z AR AR RS E

& % 3k

[11 skbh, 5kP), 405G, % . CFRP R4 Ak b 10 7 FR A 52 a0k J2
[0). RSN FH , 2022, 50(10):154-158, 163.
ZHANG Kun, ZHANG Dan, ZOU Ruirui, et al. Application
research progress of CFRP in automobile lightweight[J]. Engineer-
ing Plastics Application,2022,50(10):154-158,163.

[2] # S SEHEE SRS HURI]. E AR, 2007, 24(1):
1-12.
DU Shanyi. Advanced composite materials and acrospace engineer-
ing[J]. Acta Materiae Compositae Sinica,2007,24(1):1-12.

[3] ZEns, Ve, sk AL A ARHE LY - inadd T — Ak
TRIPR D) iz dil w2025, 68(9):92-101, 130.
QIN Silu, XU Yingjie, ZHANG Weihong. Integrated calculation
method for curing molding-loading behavior of composites[J].
Aeronautical Manufacturing Technology, 2025 ,68(9):92-101, 130.

(4] Hdnly, AR, TR 200, 55 AR BRI AL E A MR O [ AL
TE B R0 5 5 Wi R 2R 43 BT (0] 524 B RE2 31, 2023, 40(7):
4195-4209.
GAN Jianye, HU Weiye, ZHANG Yicheng, et al. Numerical simu-
lation and influence factors analysis of cure-induced distortions in

resin matrix composites with variable thickness[J]. Acta Materiae

(3]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

Compositae Sinica,2023,40(7):4 195-4 209.

BRI, SCRFRE, TR S SRR AT A RN BEAR 4R B ) i

FORBIFEL]. TR 12,2024, 54(5):70-74.

SHAN Yucai, WEN Shiqi, WANG Yang, et al. Research on the

precision manufacturing technology of co-bonded composite stiff-

ened panels[J]. Aerospace Materials & Technology, 2024, 54(5):

70-74.

QIN S L,XU Y J,WANG C L, et al. A 3D modeling of the effect of

layup orientation on the thickness uniformity of cured composite L-

shaped laminates[J]. Composite Structures, 2025, 354. DOI:
10.1016/J. COMPSTRUCT.2024.118755.

/0 WG , 2R A e R S BRI AR L RS

PLAR[D). B2 R 5 T, 2024, 24(29):12 399-12 410.

LI Shaomin, SUI Peng, PENG Haichun, et al. Review of advanced

composite manufacturing process simulation technology[J].

Science Technology and Engineering,2024,24(29):12 399-12 410.
I, AR a6 FEF ORI PID () CFRP i

IATHIRE ). TREARY T, 2024, 52(8):72-80.

YAN Shan, FU Tianyu, GU Yunfei, et al. Temperature control of

CFRP induction heating based on improved particle swarm PID[J].

Engineering Plastics Application, 2024, 52(8):72-80.

FER AN, RAR, M 25, 45 COE TR SHERLE B T2 [0]. Tt

BRI Z,2011,41(5):44-49.

QI Junwei, SONG Wei, XIAO Jun, et al. Advanced pultrusion

curing process of Cf/E prepreg[J]. Aerospace Materials & Technol-

ogy,2011,41(5):44-49.
T B B = A R LR IR R AR A 42
B BRIR R R[], B A REEIR 2019, 36(12):2 786-2 794.
WANG Jian, ZHENG Xuefeng, FU Changyun, et al. Deep
drawing characteristics of carbon fiber/epoxy resin compositealu-
minum alloy laminates[J]. Acta Materiae Compositae Sinica,
2019,36(12):2 786-2 794.

BOGETTI T A, GILLESPIE J W Jr. Process-induced stress and
deformation in thick-section thermoset composite laminates[J].
Journal of Composite Materials, 1992,26(5):626—660.
RABEARISON N,JOCHUM C,GRANDIDIER J C. A cure kinet-
ics, diffusion controlled and temperature dependent, identification
of the Araldite LY556 epoxy[J]. Journal of Materials Science,
2011,46(3):787-796.
JIA X H,LUO J J, LUO Q T, et al. Experimental study on the
effects of temperature on mechanical properties of 3D printed
continuous carbon fiber reinforced polymer (CCFRP) composites
[J]. Thin-Walled Structures, 2024, 205. DOI: 10.1016/J.

TWS.2024.112465.

SHISL,ZHU T Q,YAN W D, et al. Damage mechanism of inter-

layer interface of continuous carbon fiber-reinforced polyphthala-

zine ether sulfone ketone resin matrix composites: Multi-scale

study method at extreme temperature[J]. Chemical Engineering



104

AR

2026 4E, 45 54 4 55 3 1

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Journal,2024,496. DOI:10.1016/J. CEJ.2024.153860.

BOGETTI T A,GILLESPIE J W Jr. Two-dimensional cure simula-
tion of thick thermosetting composites[J]. Journal of Composite
Materials, 1991,25(3):239-273.

CHEUNG A, YU Y, POCHIRAJU K. Three-dimensional finite
element simulation of curing of polymer composites[J]. Finite
Elements in Analysis and Design, 2004 ,40(8):895-912.

Je o hl, AR, PR , A5 ARG S S AR e ] A R fE
BRI EAMRER, 2023, 40(4):2 415-2 426.

LONG Xikun, LI Shujian, CHEN Rong, et al. Numerical simula-
tion of microwave curing of resin matrix composites workpiece
[J]. Acta Materiae Compositae Sinica,2023,40(4):2 415-2 426.
YUAN Z Y, KONG L F, GAO D J, et al. Multi-objective
approach to optimize cure process for thick composite based on
multi-field coupled model with RBF surrogate model[J]. Compos-
ites Communications, 2021, 24. DOI: 10.1016/7.
COCO0.2021.100671.

SHARIFI A M, KWON D J, SHAH S Z H, et al. Modeling of
frontal polymerization of carbon fiber and dicyclopentadiene
stochastic  material
2023,  326.
COMPSTRUCT.2023.117582.

woven composites with uncertainty[J].

Composite  Structures, DOIL:  10.1016/J.
SUN Y, ZHAO X Y, WANG Y K, et al. Study on temperature
gradient of ultra-thick foam sandwich composite structure during
curing[J]. Case Studies in Thermal Engineering, 2025, 65. DOI:
10.1016/J. CSITE.2024.105552.

FARJAS J, GONZALEZ J A, SANCHEZ-RODRIGUEZ D, et al.
Analytical criterion to prevent thermal overshoot during dynamic
curing of thick composite laminates[J]. Advances in Industrial and
Manufacturing  Engineering, 2025, 10. DOIL 10.1016/J.
AIME.2024.100156.

SECORD T W,MANTELL S C,STELSON K A. Scaling analysis
and a critical thickness criterion for thermosetting composites[J].
Journal of Manufacturing Science and Engineering, 2011, 133.
DOI:10.1115/1.4003338.

REN M F, WANG Q, CONG J, et al. Study of one-dimensional
cure simulation applicable conditions for thick laminates and its
comparison with three-dimensional simulation[J]. Science and
Engineering of Composite Materials,2018,25(6):1 197—1 204.
FISHER A, LEVY A, KRATZ J. Effects of heat transfer coeffi-
cient variations on composite curing[J]. Journal of Composite
Materials,2023,57(3):363-376.

JUIREL . A VR R R0 A BRHZ A AR [ A S BT IE I
[D]. PG4 . PEIL Tl k2%, 2016.

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

YUAN Z Y. Research on curing deformation modeling method of
thermosetting resin matrix composite lamina[D]. Xi’an:Northwest-
ern Polytechnical University,2016.

ESPOSITO L, SORRENTINO L,PENTA F, et al. Effect of curing
overheating on interlaminar shear strength and its modelling in
thick FRP laminates[J]. The International Journal of Advanced
Manufacturing Technology,2016,87(5):2 213-2 220.

GEBART R. Thermal runaway criterion for thick polymer
composites[J]. Composites Part A: Applied Science and Manufac-
turing,2024,182. DOI:10.1016/J. COMPOSITESA.2024.108187.

TR ERIRATEN 55 BV NR 5525 MR b2 TE
FNEE AR I BRI Fe 45 0], S5 M RHEH, 2017, 34(3):
471-485.

DING Anxin, LI Shuxin, NI Aiqing, et al. A review of numerical
simulation of cure-induced distortions and residual stresses in ther-
moset composites[J]. Acta Materiae Compositae Sinica, 2017, 34
(3):471-485.

AATEL, £/ BADRA L 45 T 7 TBOO 44 s B Pk 1 AU g S 1o
KL TTT B[] S S bR 5 TR, 2023(5):25-31.

HE Liang, XU Xiaowei, HU Dabao, et al. Time-temperature-
transformation (TTT) diagram of a domestic T800 carbon fiber
epoxy prepreg[J]. Composites Science and Engineering, 2023(5):
25-31.

HU H X, CAO D F, PAVIER M, et al. Investigation of non-
uniform gelation effects on residual stresses of thick laminates
based on tailed FBG sensor[J]. Composite Structures, 2018, 202:
1361-1372.

HUI X Y, XU Y J,ZHANG W H. An integrated modeling of the
curing process and transverse tensile damage of unidirectional
CFRP composites[J]. Composite Structures, 2021, 263. DOIL:
10.1016/J. COMPSTRUCT.2021.113681.

LIU X D,GUAN Z D,WANG X D, et al. Cure kinetics character-
ization of epoxy resin by piecewise model fitting method[C]/
2019 IEEE 10th International Conference on Mechanical and
Aerospace Engineering (ICMAE). July 22-25, 2019. Brussels,
Belgium. IEEE,2019:528-532.

FBIY HEARLL, AL, 45 [ 7 CCF800H R 2T A1 3 25 i
XL A% HE JE AL 5 BPRL Y D 22 PERE (D). R MR R 2 5 TR,
2022(11):114-119.

WANG Yingfen, PAN Cuihong, ZHOU Hongfei, et al. Mechani-
cal properties of domestic CCF800H carbon fiber reinforced high
temperature resistant BMI matrix composites[J]. Composites

Science and Engineering,2022(11):114-119.



