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Application of Python—based Abaqus Redevelopment in

Prediction of Composite Curing Distortion

WANG Pengbo ZHANG Yongming CAI Xiao AN Luling’ BAO Yidong
(College of Mechanical and Electrical Engineering,, Nanjing University of Aeronautics and Astronautics, Nanjing 210016)
Abstract To address the complexity of simulation procedures for composite curing deformation analysis using
Abaqus, a Python-based auxiliary plugin was developed to standardize pre—processing operations and enhance the
intuitiveness and efficiency of simulation setup. This plugin was subsequently employed to conduct curing simulation
analysis on an L-shaped composite structure, with comparative validation against experimental data. Results
demonstrate that the integrated plugin features a concise interface and operational effectiveness, establishing a valid
finite element model. The simulation outcomes exhibit good agreement with experimental measurements, showing an
average error of 4. 83%. Furthermore, the model was utilized to investigate the influence of cooling rates on curing
deformation. It was revealed that increasing cooling rates (0.3, 0.6, and 1°C/min) progressively improved the
forming accuracy of composite structures. This study provides a valuable reference for rapid prediction of curing

deformation distribution patterns in diverse composite structural components.

Key words

0 58

VL ARSI, FEAT 2 i R 40 3, K A7 265 45 38 U A ol B
BURN ,EA MR R B R R AR
R R K T2 2 L E TR A B R A
P EE Rk 2 A S I — T R AR eAh
T 28 i R A 0 R LBl X 242 1 RO ORG BE 2E
KRB A R . BETE S PORHE 1 i il 1 32 2 DI

Wk A #1:2024-04-26

Redevelopment of Abaqus, Python, Composite , Distortion , Prediction, Integration

LA 0 R A R [T £ oAy 2 TR P A A i
WEHE —E W AL RIS . BRI AT R R BT
PR BC AR A o 9 1 e P 5 | AR B8 390 8 7
I3, M 3 2 T BORE I e L 28 22 AR 2%
P, 525 B T A A rh A2 T8 B % 000 7 A 25 A
RASH) R S AR f A e

T Ge R H A 2 B T I A2 S0 ) Bt

HAIE BRI H (JCKY2019283-WSZC006 .2Y202026-XY50-01)
W—VEE T : EMGIEE, 2000 4F B A, B H BP9 A, RENFE GAEU T2 RT3 T2 . E-mail: wpb0426@nuaa. edu. cn
WEEH ZEB 1962 - AL B8 1A T, EWF )7 N E A AR Al H R CHLEERCH R . E-mail: anllme@nuaa. edu. cn

FEMMEL T L hitp:/Awww.yhelgy.com  20254F 55 211



B EL M TR T, X 90 & 2 06 R L i, T B
LipN iU NVAL /DALY DAREI  (E R B RVINIOEY ST 9
FFHBE AL AT 07 B4 BT 02 B AT 0 A2 5 44 6
R0 A AS T FNBR A I 1 B S5 T2 5 o AR,
] P AIMEE X 52 b et A6 AR T 1) 47 B T A — Rk I
R T2 TAE, Y. FENG 25 %5 B [ G 2T 4 1 3
REWHE S S 05 BRI & T 2T Abaqus
- B B S AR )RR, e T AR st
S04 B A AR B2 A MBI LL B AT B
JE SR 2 SCT MR B30 7 AR B] 3R 1 o
% 15 A Abaqus $EAT L 2= T 45 |,
JFiE o SR HEAT T FRY A SRR . i S
T Abaqus g il HETVAL T2 ¢ , (45 [#4k 3h 11 2%
J5 R e AR AR A3 PR L AL BE 2 R pR AL
KF, T AR o e d Sy LB 5 SOk
BHE M, Qb B BB KK T Il R R A R
A% 1) S O A MR B AT 4 D5 1), I kS JE
S SUX I A P B e ek B A, 52 IR AL 2 4 BT 1 1
B AT REARHESL G AR T T [ AL B
B0 = e BB AL, 1459 3 [ Ak A B b g A B )
TR ) ek R A BE S o A I D0 o AR I S O e X
J2 5 M T 2 i 2 B Al AR A PRI L 15 50 % ) 40 R
BOHh S 21 4t #% AR S AT OF 58 Y (] A, SR FH Python %)
Abaqus Z K IF & GUUAA A, FH T %722 £ B2 J2 4 A gk
11 MR P 2 B o 8 A DL IE 5% 46 o AR S 2 i
2, A R 2 8 A T S8, DT S A
OE|E ¢ L AT =P O 2 a8l B A 3 e R
SRS B R AN R 1 IR . JERI AR R T 2
A TXHE R, A REEEH S E MR E
TN B AR K4 4 F Abaqus #4707 EC A A b BE AR |
¥R S0 T2 2945 A, %) Abaqus #E4T IR FF & .
ATLASEEE T /i % (5 5 B (208 MR IE S5 4 i B
AR, T SRR B A R R R SR SR
IR S R B A D RE o A K AR T T Il
T EBHOR . HETFI A Abaqus #5475 A 44 E
AR IE (A 0 R 43 2 JE 785 )2 Abaqus [ HiTAL
PEBCHAEAT TR AR SE B . b2 0 S 6 1 R
SR AR SR 2 A R S IR R AT 1 152
R LI WS N E S T O e S WA
(I ARG AT I 8 B AR AR B
FE 77 BRSPS SR A

25 bR, X Abaqus B0 % 5 A b RHSS #
HEAT U T2 B A i AF FE A AL R i B 22 454
52 7% 4 ) B, AR W 5% BE F Python i T, JF A
TCDANALYSIS #i {4, 8 ixh 44 iy b 20 o ) i R 5
IS P25 52 G b R 25 4 J L T2 05 L e
a6 —

A EAERCR . BT AR SO Z 5 LEVE &
PR AG HEAT A0 AR T2 S0 ) 4 i R 07 B S 56 0
UE, IFERSE T LB AR [F] R B A8 R T X
POBHES R [ A AR TE () 52 i AL
1 BRTES

FH Abaqus % & G B8 AR 47 [ 40 B8 0 B
B, 38 T B P R AT ST A [ Ak
Bl 1505 AR BAR R AR T 8 o X L3RR N
DR T R EOR A M s T
FRIT A4 AR DL KOS [RI 2 80 B A9 5 2, 4
FHERTAMEAANY Bl R AS G B I T B AR AR, AR ST
A P AL AT
1.1 #AESEE

BEMBHPA AT R R B T E A M EHE
PRI rh L 3 5 AR B 7RI v & A Al O
BCARIRE RSN, Bk, 25 M OBHE EE 41 1Y
T2 — A~ AR LRV Y P A% S ] ) B T L R
AL T e AU RE P, B 2 A MR
G 3OS Y s T

oT o[, oT] o, or| ol oT] .

pCa—t = ax{kax} + ay{k),ay} + az[kaz} +0
(1)

Ao, TR 20T MBS o A E A OB R
BE ko ke kAR B R R B a2 5 1] B RS
B CHZE BB USSR AR R

52 G MBI AR DL K% B T AR TR A
Fan T EAL

AN

p ="V +(1-V)p,
VipCy + (1 = V)p,C
p

J = kik.p.,

Vipk, + (1- V[)prkr
A (RSB CS B BRI 2
B VARFZE G B A 4R T 4R

P B & A AR R L A TR B oA

i=ph )

A, H, R B 5T i A B 58 4 SN e B R, o
S EAEE ¢ R AL T R TE]
1.2 BfEfER

B AE AR RUAE Sy B i 30 7 22 R gl vz v
B 14k 8l 1 2E B R 2 — ) G A g 118 2 I 38 2% T[]
FBE I R B AN R PR

8 f(Ta) = K(Tula) @

K (T, ) HE A FRHEACRE B R Rk X,
B EE K AL BE R . K(T) AR A [ 4k 52
FHIMEIT.Z  hitp://www.yhelgy.com  20254F 4524

C= 2)




RN ENREETHRE. wla) HREA
Az T SR R BRI

TEARAF R0 7 A AR AR -

DalfaDt=K*alfa**ValueM* (1-alfa) **ValueN/( 1+
exp(Ca*(alfa—alfaC)))

FLUX(1)=pr*HR*DalfaDt

alfa=alfa+DalfaDt*DTIME

FRAE 2 (4) T T3 52 G b s T A i A v Y
A 2 20 1Y [ A BE , o TR 5 R R . AR Ui
Arrhenius J7 #2 , & & A B [ 46 S0 5 8 2R 3k =X
W

AE

K=Amp(—RT) (5)

Ao, Ay [ 4k 52 0 B A5 3 R -, AE SR RO Y T AR
AE , R WA SR, TR

TEF P an T X

K=Aexp(-AE/(Rs+-TEMP(1)))
1.3 MAh-RETHEER

TE B4 R v, 52 5 R %) T B2 7 35 388 I A
FBE IS A F AL SUHT S PR R BT A — 4 G
P52 A MRS B Y [ Ak R e FROIR S 400 - BRI AS
IS VA R P REAS o AT Bk ik 2 G4
LA 5C S B A & — i L BCH T Y P-D A A A
AU, BIFE AR BN 0 R G A B OGS BORAE | T AE
T B2 3K 3 B 5 A AL RS AR S B R AR R AL LAY

118 AP A 6 Ay 491
(E,). T>T,
E = (6)
(E.), T<T,

Krfr, (B) A IS B AL 2 5 768 5T B s P A
(E,) o FIBIIE 1 A [ AR IS 8 5ER P A8 6

TEF T e LanF

IF (TEMP. GE. Tg) THEN

Er=ErEnd

ELSE

+45°
0/90°
+45°
0/90°
+45°
0/90°
+45°
0/90°
0/90°
+45°
0/90°
+45°
0/90°
+45°
0/90°
+45°

Er=Er0
END IF
HAK FFERT LARIA R
Cie" T=>T,
g, (7)

e - (Ci- CeMi =1, T<T,
K, €M Cear e B G BRHER IS B A T
(IR P L o, S LR ki Lo o B AR BB A e Ak
FA S [ o
1.4 LEMEFRITEE

T B UEAR {F  TBE K AT o, BT L RLRR AT 4k
i B S IR 2 o) S09R LA 4 1) A PR DT AR AR i A4
AL A LA R SH A0 & 1R o 50143 i 16 J2 M
¥, B0 BE— L 60 8484~

(a) HE

R=10mm

230mm 3.2mm

BT LAY PR AR G LA RO

Fig. 1 Geometry of mold and L-shaped composite part

LA 7 BT 00 52 G b el R0 90 e 2 (AL 1 ok 2
Y KR A A B 1 S TR, 2R AR E A 1 790 kg/
m®, B AR AU R 1130 kg/m®s F4FRST R 170 mmx
230 mmx3.2 mm, FZEE 0.2 mm, 162, S
iR [45/0/45/0/45/0/45/0 1s, Wn & 2 flizs o R HL R SH
47 180 mm*250 mmx8 mm, BB AN . B AR
SER I T2 BT R BB S8, ik 1 s .

B2 LEISR PRSI0y

Fig. 2 Lamination for L-shaped composite parts

FHIMEIT.Z  hitp://www.yhelgy.com 20254 4524



®1 EAMBNEXSH

Tab.1 Relevant parameters of composite material

C N kgKr'  p /kgem™  E/kJ mol™ Als™! E. /MPa

E, /GPa v, v, G, /GPa G, /GPa

rg

1140 7800 60.03 9930.76 39

3.6 0.497 0.38 2.0 5.0

2 EAWMENTERNBEGREFIZT

52 G R B A Ak i P e R Ay 188 A L [ AR A
TV B 0 B 25 S B 52 0 43 S 55, PRI I A v S
Hiu e BT A WA Ak 61 £k T2 It A 14 8 0T 2 198 2 50k o
R T A MR A DA ]

T Abaqus K IF & B9 TCDANALYSIS #i {4,
T A AR R A4 B A B 2 A A R A
P,y DASE B B A i R A AR T 0 B
R B TAE, SEIA FR T (7 B TR () PRk K% i 3%
@ 57 . % i M 4 & THERMOCHEMISTRY #1
THERMODYNAMICS P &84 S ek

R TR A MR EAT AR AR O BRI,

ﬂ it +bi Al

o LRI

%

iy ’rbi Lt

[il {8l A
Hetval 57y

o

(THERMOCHEMISTRY)

{
L s

gf‘ﬁﬁi‘l‘ﬁﬂi%%ﬁ(ﬁ:AbaquS VS. Fortran LA J
TCDA i o S A FH [ 4k A2 T it A% 32 24y
HIAEA B AT 1 A BT, A 3 R
ﬁ%ﬂﬁﬁ%ﬂ*’]ﬁﬁﬁ%ﬁ*ﬁﬂi_ﬁI_H‘%iiﬂﬁj\ P

T2 50T o 38 5 150 A I Y 28 ms - HLAE
%If?qjmxm{tﬁﬁjj%ﬁﬁﬂliaﬁﬁ%,?%‘:EIJ/E'J;Z
YL 55 85 R 004 o SRR AT #2703 #r
B BAL 2 3 T A B A 5 45 2R/ X — 28 RT3 2
SRR IR TR vh o SO TR B A AR Ak
E’J*/T*Jr%@(U&F”jJ I AR B A AR G5 e 2R

R i R P A S I TERE S

|é—

g
o A {
o HPEI B it & e
o S B R TR AR
F—

o FLHI Y
o MPHELE 7030 Al
* FfFIHIfLIEY

YA 45 S ODBICAT)

/"_“‘w‘u'
{ sty

Mr‘ :.”!' (THERMODYNAMICS)
N Iy 3 =P AR AR AR

B3  TCDAnalysis ffi {43 A/E R 2 E
Fig. 3 The operational flow chart of the TCDA plugin

2.1 THERMOCHEMISTRY Ih#E

THERMOCHEMISTRY J& % B ] J7 #£ Abaqus H
X A5 M BHRG { HEAT HA AL 2 AH DG 3 A AH T BE
THERMOCHEMISTRY #%A0 $5 40 JLA~ D Rg - (1)
MATERIAL £ 3¢ v a] DL & 4 k0 2800, I # or
SECTION I 7~ 2 45 8 vhr |3 A] 7 S JZ 10 S 4
J7 1) 5 (2) ASSEMBLY &STEP 455 e BE 78 il 26 i 2% 4,
AL HT A I B A S 4L (3)INTERACTION
R ST RS RN A 2 ) ke 1 ) S 1 B
FEHFAEZH; (4) LOAD&MESH #He v i SC T R 3
R AT B [ 7 29 9, I HLUHE 2l A 14 J& 42 DC3DSR,
fICREHEA T A BT TR0 o

DLSE SCRERESE0CR 5], 38 3 X6 AR SC 4 v i 56
HEFORT GUI HP i) DG - R AT I B R P X 1
HE HP I S BORBUE 15 S SRS RL rp, BAT S2 3 S 400
FE S, HAZH RN 4 s AR X A S i 1
BRSO LR B S A B MR S8, Wk 2 R T
[ A T A7 B BT LB S8, P ] DUAR B8
_ a3

R B Y A e SO SRR SR
& MaterialCreate X
Density: DepVar: SpecificHeat:
|7.8¢-09 |[20 |[8620 |
Conductivity

Property: |ORTHOTROPIC [

Value02: Value03:

|a.63 |[463 J[o7s

UserMaterial El

|:::oem: IE |08

Value02: Value03:

Expansion

Property: |ORTHOTROPIC [

Value01:
|-5¢-06 ||-5e-08 |[336e05 |

K4 QIR TR

Fig. 4 The interface of the create function in material

Value02: Value03:

FHIMEIT.Z  hitp://www.yhelgy.com  20254F 4524



AT

AFXForm. __init__(self,owner)

self. radioButtonGroups=§ {

self. cmd=AFXGuiCommand (mode=self, method=
'contactProperty’,

objectName='"chemicallnteraction_Kernel’,
registerQuery=False )

self. modelNameKw=AFXStringKeyword (self.
cmd, 'modelName’, True, ')

self. propertyNameKw=AFXStringKeyword (self.
emd, 'propertyName’, True, 'IntProp—1")

self. conductance | Kw=AFXStringKeyword (self.

emd, "conductancel’, True, '3. 63")

SR HETVAL 772 3 X 15 B 58 1) Ak A 455 5
705 FLHO , AT LAAS BIRTE. b 0 B 5 50 A a1
T EE 0 A LA B BB EE Y . Bk 2= B i
I A] A B 2 R E 5 TR, AR R A AR
T A e I A TR G R R e R IR 2 AR
4.5°C, G BE S AR IR 52 A A RE K T A Ui 0
RN 2°CAEL

oAb 0 FAT B B TR g K A B 3 A5 45 N
4 THERMODYNAMICS 43 #7 A %5 A &5 14, S 80 %t
526 R 1 (8 7 g — o7 A8 K TR SR T B 43 AT

Node12269

+9387v+0 7
9:473e+() 7
9.460e+()
9.444e+( ’
9.428e+01
9.412e+01
9.396e+01
9.380e+01
+9.365e+01
+9.349¢+01
/4
N N

(a) RESI G A

+
O
I
2333
——.—o

A+t

200 ————
100 e ——

1604 /

+1.0
1404

/. ’ \\ 0.8
120] | N
1001 / . \ 063
80 / ; L0.4
60 / i
40 4 / \ LO.2
0.0
10 12 14 16 18 20
M) /h

(b)  REE I M 1 A 5
5 JEEFRE LRI Es R

Fig. 5 Results of thermo—chemical analysis

FHIMEIT.Z  hitp://www.yhelgy.com 20254 4524

EEC
&4

0 2 4 6 8

2.2 THERMODYNAMICS Jj&t

THERMODYNAMICS #5825 X & A 41 L 1
AT A3 AT T A ) S B ST Y % D e A X
BB 25 2 e | XIS 2 for B A . A
ZH, FH P B S ST A AN AT B B SR AR
) SET 5% SURFACE 4, Z J& BV o] 3 3 % & HE
() 45 A B AE Hie |l — #5840 BT R b B S 40
THERMODYNAMICS #idk R E AL F5 4R Tife

(1)STEP#i ke HiE T 44T 45 B 8 122 e Br 2
RIS A S S HL

(2)INTERACTION b v i ST L AL 4 ]
PRRO R Ak DG 28, LA A st T A HR L 1 2 S5 B 85

(3)LOAD #Ee i SCT BB v ) 1 7
I HoMs A2 0 53 B 25 A s A S5t e #477
OB A FT DAE OB R R () 2 5

(4)MESH # e 5 SCT WA% J& 1y C3D8R, fifi H:
T A I 07 A R 5 A

DL STEP#IH A ], 4n[&l 6 7 , #E STEP Fi sk v
BRI\ T2 22 SO~ B 1] 25, 43 00 Ay [T s i) 20 s
BEEFRIAE o FH P BT AAR R AS [R) A4 L A7 A 7 1 61 £k
T2 5 R N ) BT ] 2D 1 0 B B, L dn e )
A 3 AT TR] A0 G 38 R K /N A

Ao
w Ste

Model: Distortion I

CURING

TimePeriod: | 16 MaxNuminc: | 1000 Initiallnc: | 1.0

Minlinc: | 0.00022 Maxinc: | 1.0

REMOLD

TimePeriod: |2 MaxNuminc: | 100 Initialinc: | 1.0

Minlinc: | 1E-05 Maxinc: | 1.0

Kl6 STEPIIRES I

Fig. 6 The interface of the STEP function
TEQEE SR A T AR AR AR N 3 Fhzs i
AR | A0 B L S R 3R AL T BR AR A AS R AL
B EA R BRT N B A, AT AR P R AT
il T4
THERMODYNAMICS HIRE R4S 40 T -
AFXForm. __init__(self, owner)
self. radioButtonGroups = | |
self. cmd = AFXGuiCommand (mode=self, method

='stressLoad’,

objectName="stressSteplnteractionLoad_Kernel’,
registerQuery=False )

self. modelNameKw=AFXStringKeyword (self.
emd, 'modelName’, True, ')



self. surfaceNameKw=AFXStringKeyword (self.
cmd, 'surfaceName' , True, ")

self. stepNameKw=AFXStringKeyword (self. cmd,
'stepName’, True,’")

188 3 3 FH AL 5 AN (] B A AL O R R e T LA S B
X [ A AR TR A8 T30, 75 B R 1R 8 R g R I
SFHR . BT R IR ORI AT

U, Magnitude

ER AR

+3.397e+00
+3.165e+00
+2.934¢+00
+2.613e+00
+2.294e+00
+1.955¢+00
+1.676e+00
+1.396e+00
+1.117e+00
+8.378e-01
+5.585e-01
+2.793e-01
+0.000e+00

JEIBAR
K7 IAJreorbrai R

Fig. 7 Results of thermo—mechanical analysis

FEAR D b [ LA G R 0 22 i 55— 5
e MG = E A I, M K2 H 3. 35 mm,
TE IR [ 2 50T, e Ot & A= 75 [ o 5 1 A
X, S5 A
3 £R545H

BT LAY A MRS, SR P #R IR ] 10 g Y
J5 36 FLAEAT [ AL S5, A5 30 1 LR AL {4 /] 8 i
o EAEAL T A 25 = A BB 0~
5 h ZTHE BB, L 25°CTFE] 180°C ;5~10 h /2R I
Bt U180 CHYTRE MR IR 5 ho 10~18 h &[RRI B, LU
20 °C/h Y 3R R L2 25°C

(b) &R 5 ik M43
8 LA b i Ty i

Fig. 8 L-shaped test piece and measurement method

3 T B H R 15 5 LR 4 bR £
AT A, PRI R 4 I A L B AR 1 8 — 5, £ 575
05RO %) AR AR AR ) 2E
JRI 7 R T B RSB, 0 T 3 T T 9 BT
— 40 —

& &~

Displacement/Rotation
K9 LANER AR I &
Fig. 9 Measurement of L—shaped test pieces
3.1 ARTEEREIE
AR 150 A 0 000 s , R X R 7R A R T AR Y
H OGS IS AN BRI 45 SRS b s A I
SRS T B HCME a5 I Rp ik s B I ) 7 722 Akt
2L RN 10 TR

P5 P4 P3 P2 Pl

351 p1 2 3

P4 P5

=Pl
3.04 e P2
—aP3
. 254 v P4
\E 2.0 +P5
]
.54
=

1.0
051 PE==S S S0Y

) e = = =
00] o=*

-0 54—
2 0 2 4 6 8 10 12 14 16 18 20
) /h

E10  5AMEEIE AR TE

Fig. 10 Amount of deformation at the five feature points

[ 8] 4 T 20 A A il b 5 ARk a5 A 22
i, DR IR 3R 0. 3°C/min 4 4], 5256 T 1545 %
it 57 BRI R B X LU L 11, 78 5 AN RHE
SR R e IR (E R K 10. 07%, H BLAE
P3 i D EAR S R/ R E N
4. 83% , RWIZARIFH BUE LB A FORHE {722
T B 05 LT A B 5 VR ST AT BROTAR AT R

- I ()

3.501 5
3.00]
£ 2.50
£ ]
I5 2,004
21,50
1.00 ]
0.50 1
0.00

Pl P2 P3 P4 P5

ERR I
B PR scsxt

Fig. 11  Simulation and experimental comparison

FHIMEIT.Z  hitp://www.yhelgy.com  20254F 4524



3.2 BERERIENERZIT

T HAL T 0L A A AE YRS BL T, FHTZ A FLASE
TUAR G 3 Tl AN [] o 1k 88 50k 18] 46 A2 1 19 52 i L
HH AR HEBEAT LR 5 AP RHAS F ) RO R . 42
WA % 1 28 ANRFAE G, A 3 Fh 00T AL s 7R
AL HE£8ad 19 6 h Z J YRR 4, aniel 12 i o

3.6 -
—=— [ °C/min
3.5 *—0.6°C/min
344 4—0.3C/min s
== 3.31 VY,
Q 3.2 A"é”'
@ o
314 AR
SN et
K‘\ A/A
3.09%¢g :\:‘ A
. S
2.9 iifg‘grm—* i
2.8 T T T : .
0 50 100 150 200 250

WAL A 25 /mm
B2 ANIA] R AT BT

Fig. 12 Amount of deformation at the five feature points

Hy [ 12 AT AT, 76 0. 3.0. 6. Fl1 1°C/min [ iR 3 %
i, B B R 1 AR Ak, B A AR 1 B A
W REL A, 7ERRE RN 0. 3°C/min B, #9141
() fe AR K 4 3.397 mm, B LR IR 2R 0.6,
1°C/min [ e KAZIE 553 51155 0. 65% 1. 22% , BITE 1%
A TR 331 ] A o 2 oA L R ) R AR, A8 I 1 B W
K.

PEWCHE b3 B8] 55 Hp 3 P R R S5 T AR —
2, EVEERLRZE B 33 BTy 2 18l Ay, anE
13078

58+ —=a—(0.3°C/min
*—0.6C/min
56 4—1°C/min

541
521%
50-
48
461
44
42+
407

%*E‘ H‘JE j]/NlP}l

E 13 3R Lo TR S

Fig. 13 Ply stress under three conditions

HRAE P 13 W] 0, 76 SC B0 TRL Y L D i 2 o4 T e
B N R P VA B 2 8 WA N - Z ea 1l 3= 8T
4 0. 3°C/min 1 ELIT I J) e KM 55. 98 MPa, 5/
H 44. 25 MPa, [ [ 3% 2 1°C/min (9 X5 W F.T 1
FTIK1.54%, /N 1.53%. ZAF A A o228 T8 K %) 5

FHIMEIT.Z  hitp://www.yhelgy.com 20254 4524

JS7 T3 R X , 2 oK S W] B H T 1] E 29 SRR SN

B0 ) 3 A BB B o
4 Hik

AR S5 BRI A0 BT % iy Bl i Sz A7 BR
TUASE R AR 1, O BEA T I 9 1 A ST AR R AT
ROPE o RIS, FEIZASE LAY B F i — 2D AR ST i
FX AR AL . BAAZISIT .

CL)ZEA 1 ) Al B TP bR 0 5245 b1 1 4
ARSI TN (5 ELAE R R AT i b BEAHOC B, RS
B, FE b Jm A, BTGNS SR P S5 AL AR A

(2) 17 FH a2 3 15 1) 7 LA TR 55 4% 8 AR A U
BCEITIEA L, BOE B R, R o iR R
AT AE B AT B A 07 B SRR SR 45 R B
AT, 7 EAE A

(3) 38 5 0 FL R = b AN [ i it 3 6 19 5245 4
HHE AL HEAT TN, 0] HE 45 R A AR S B N
Wt e i S A 1, R B4 R AT BT 4R

S 3k

(1] sRABEE, FLOF 8, B30/ , 55 . KL SRR S5
AR TE 0 0 B A B S #E 0 [T). ias i34 R, 2019, 49(4) .
54-58.

ZHANG X L, DU F J, HUANG W C, et al. Simulation
analysis and control on curing deformation of aircraft composite
structure [J]. Aeronautical Computing Technique, 2019, 49
(4): 54-58.

(2] SKORME, g5 48, A8 55,45 . R T IR AR A R A F e
T 8 R TR R il 1 52 5 ARV AR AR ST e A (D ). T
BLT 2. 2022, 52(6): 92-97.

ZHANG C Q, BAO Y D, YANG Z Y, et al. Curing
deformation analysis of large thin—walled curved composite parts
based on path—dependent constitutive model [J]. Aerospace
Materials & Technology,2022, 52(6): 92-97.

[3] KIM D, KIM S, LEE 1. Evaluation of curing process—
induced deformation in plain woven composite structures based
on cure kinetics considering various fabric parameters [J].
Composite Structures, 2022, 287: 115379.

(4] X RBG, A . HET ABAQUS W IT & 1Y B THHL
AP ATy vk KW 3 L], A RHEEOR - 2023, 34
(05): 74-79.

LIU J Z, ZENG J H. Rapid modeling method and stress
analysis on helicopter propeller root based on ABAQUS
secondary development[]]. Aeronautical Science & Technology,
2023,34(05) : 74-79.

(5] JaH, 27 280, 2% B T 2 m LIB 2 a2tk
PEEASTERTTE L) ] ATz i o g £0R , 2021,57(1) : 17-22.

ZHOU H LI N, LIK, et al. Influences of curing process on
geometrical deformation of L—shaped composite component [J].
Aviation Precision Manufacturing Technology, 2021, 57 (1) :

— 41 —



17-22.

(6] BREHH . BT FE R 525 B REIN 3l BE AL F [ £k 22
o). fuzs &Zaipl. 2022,48(6): 71-76.

XU B. Analysis of curing deformation in autoclave
processing of stiffened composite panel [J]. Aeroengine, 2022,
48(6): 71-76.

[7] DAT J, XI S, LI D. Numerical analysis of curing
residual stress and deformation in thermosetting composite
laminates with comparison between different constitutive models
[J]. Materials, 2019, 12(4): 572.

[8] FENG Y, HAN Z, LI R, et al. Numerical modeling for
curing of unidirectional carbon fiber reinforced polymer based on
micromechanics in Laplace domain[J]. Composites Science and
Technology, 2022, 228: 109637.

(9] Wit , ek, 5k TLE . AR AL S 6 A b UL ] 4 3ot
i f9 ABAQUS B [C L/ LR B A 5 MR A R S B0E S
££.2010.

YANG M, YAN Shilin, ZHANG Weixing. Numerical
simulation of curing process of resin composite material
manufacture based on ABAQUS[C]// CJJCcC-9, 2010.

(10] AEF I, F/F ASCHR, 45 . JE T ABAQUS 3T
AR 2 A AR I RE AT [T ]. TR R T2, 2019, 49
(04):17-22.

NIAN C B, WANG X P, DAI W M, et al. Analysis of
buckling properties of variable angle laminated plates based on
secondary development of ABAQUS [J]. Aerospace Materials &
Technology, 2019, 49(04): 17-22.

[11] AP W IEAE, T R, 2T Python & MR £ 0N
73 B AR 1 ABAQUS Rip &b B R ITF % (). iz il v H A
2009(S1) :36-39.

SHI Q H, CAO Z H. The secondary development of
ABAQUS pre—process for composites stiffened structures based
on python [J]. Aeronautical Manufacturing Technology. 2009
(S1):36-39.

[12] BR#ESE, TR 3E, JEIENT . RN E A RDRHE & 2
PRI AR AR 58 (1), AL =S B B2 4, 2009, 29(2) :
61-65.

CHEN X B, XING L Y, ZHOU Z G. Simulation and
modeling of polymeric composite temperature change during
manufactory process [J]. Journal of Aeronautical Materials.
2009, 29(2): 61-65.

[13] AERE55 . SRR 1 [ A AR TE 73 A7 e HAR 225
MEALID]. Fat: BEAUIZ AR RS, 2020.

HUA L L. Analysis of solidification deformation of
composite components and optimization of mold structure [D].
Nanjing: Nanjing University of Aeronautics and Astronautics,
2020.

[14] ETHE, PR, Wi, 55 . ZA R CIB 3R
T AL TR R TR (1], AR 5 TH, 2023
(6): 67-72.

WANG X H, CHEN J L., MAN J C, et al. Study on curing
deformation control of C-shaped composite beams [J].
Composites Science and Engineering, 2023(6) : 67-72.

LIS ] H W, B, k2%, %5 . BREMEEE S
B 1 [ A A T BB R S e R M [0 ] 5 Hk
F4f . 2023, 40(7) : 4195-4209.

GAN J Y, HU W Y, ZHANG Y C, et al. Numerical
simulation and influence factors analysis of cure—induced
distortions in resin matrix composites with variable thickness[J].

Acta Materiae Compositae Sinica, 2023, 40(7): 4195-4209.

FHIMEIT.Z  hitp://www.yhelgy.com  20254F 4524



