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Fig.1 Simulation of autoclave curing process
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Fig.6 Temperature distribution of part at sometime



Moulding Technology for Composites Eﬁﬁﬂmﬂﬁ*

(a)3D gz

(b)) U B R4 50 2

E7 IHERMEXISER
Fig.7 Meshing of the part model

Layer 1D |PlyID |LayerName |Par.|Thick  [4ngle |L -
1 1 Layer_1 3 [oooozs o

2 1 Layer 2 |4 000025 |45

3 1 loper 3 |5 000025 [0

4 1 Layer 4 |6 |0000Z5 |45

5 1 lape 5 |7 000025 [0

& 1 Layer 5 |8 000025 |45

7 1 Lape? |9 000025 [0

8 1 Layer 8 |10 000025 |45

El 1 Laper s |11 000025 [0

E8 HEFER
Fig.8 Ply information

il £k 73 B 45 2R 45 2 AS [7] 15 A
By AL 25 R = 1, gl 10 By
MR JFHTEERRY]: THEV IR BB
(22008 ) I, N APRIATIELEE L) &
T P A T AR RE e e s 2
Ji F T 1 A S A S 3 ) O
LU A AR T, 5T o Rl AR N
HPRIAE
4 EBsHEMRK

HR 4l AR 25 W 8 =, 2 TR B
Yoy Ar g %, U BUORAE [ Ak i f
5 3 T 67 AL R BE A 258 K, AT
TR A 25 A0 ) [ 4k 2 80 4T
Ak, A i 25 1 A T A 2ok 72 1Y
FHEHZ K 2.3~2.5C /min, B H
R 3C /min, FEEIEARIEEF 1B
AL AR (T, ) Ay A

WithTrim-Sym-Yes\GJ2-WithTrimSym-Curing.erfh3
NODE : Temperature ( C )
Min = 115941 &t Mode &
Max = 116,041 &t Node 1

42 4 2200.000000

xE

NN AN NN NN RD DD RD D
- DpoOLRLYoDooDD D

EEGGHSL0m0 OO0 o

S EA00I SIS @O B =

(a) HEm 20 TR IR E )

WAthTrim-Sym-Yes\GJ2-WithTrimSym-Curing.erfhs

MCODE : Temperature ( C 1
Min = 137.75 ot Mode 1
Max = 137.55 at Node 54109

175 /15500000000

(b)) 2 A A I

E9 AFEEEEEHRAERNBHEEZSHRE
Fig.9 Cloud chart of the part temperature distribution

WithTrim-Sym-Yes\GJ2-WithTrimSym-Curing erfhs
NODE : CURE

Min = 000233018 &t hNode 118163
Max = 0.00294084 at Mods 1

42} 2200.000000

2.6412-003
2.940e-003
2.9292-003
2.9382-003
2.938¢-003

_ 2937e-003

. 2927e-003

_ 20636e-003
2.935¢-003
2.924e-003
2.9242-003
2.923e-003
2.932¢-003
2.922e-003
2.9212-003
2 930e-003

v

(a) FEmf 20 TR

With Trim-Sym-YesiGJ2-With TrimSym-Curing .erfhS
MODE : CURE

Min = 0643324 of Mode 1

Max = 0644905 ot Mocde 253601

100/ 8000.000000

5 449e-001
6 448e-00
6.4472-00
6 4460-00
6.445e-00
6 .444e-00
5.442e-00
5.4422-00
5.4412-00

5 .440e-00
64392001

(b ) JRERF 220 A A PR [T A B2

E10 A REMERE4RERAMYELESHZE
Fig.10 Cloud chart of the part curing degree

2017 4E55 16 1] - i HliE EEAR

67



PR .
—— ¥ oru

T B, THE ECRAE T, i
4 0.5~1.5%C /min, 7 T, ZIRIRBT B
A 2.0~2.5°C /min, [ 5 5 %R %
o 2.3~2.7°C /min, FEFZAFEfLT R
SRR 0 8 R RS U
()55

AT U B R IR EAR R T,
DAL HITAR 95 2 R ] i Y T
T IR RO — 2, B [ A
P09 T B % 2.3~2.5°C /min, [
TR A 3°C /min, FEL R ZAF T
4~5Smm. PEEETHR R J5 ZF LRI
45/ M 2~3mm, ARG AT A []
5 BUEIMERARLERS R

“hy 95 AR EL R TETRIMES T VA X T
SIS ROVE R, e 18 5 T
RRIRIE IE &L, B TR, &3 1E
IS4, SIS 5 v AT AR B 7 1)
T A% RIRE R BB RS . AR T A i iR
JUATEAR (Intial Mesh ) Fl TR T2
JE AR ( Deformed Mesh ), v ] ESI
D5 BV & I A s T M T H
Solid Distortion Compensation, HEE
FFME S B TAEAR( Compensated
Mesh ). B TH#MEJE 0 Mg, X5 TAF
HATH— 3 T 22 5. R
AR TAMEAR A3 B S5 i Y
T, AnfE 11 FiR .

BT U AVE AR IR EE Y 4y b 4
R R R AMEROR A,
S5 G PALE 1Y TR B AR AT 4 B A
O B R T, 25 B bRt
SO FE 1 A 4, R
BATH AMEFCR AT H b o ARSC

G TAFAME

E11
Fig.11

68 MiAHIEEA « 2017 43 16 1]

TAFFERANE

U A TR AR 6 F A B8 1, &
IEJ5 g T AR i 10 frs,
EJG W TR T Ak, 455 B,
AN J5 (I AME 5 B LA AN 1 22
PN 1.37mm, f BL45 55 506 T8
6 AIE (4 45 S — 20, 76 it SON
JE 3 009 17 0 AR, i e R o
FKR

5

(1)U BUFASEAS ERLE 0B
SRR, TSRS TR At
BT — 2, B RS R T R
FRARAIREEZE 0 1.3°C, JE T
Yo e, M B AR A T A5 19
U BUy Az 1) A RO H AR HE AR e i
N 1.37mm Zefy, i HAE R G 5PR T
FEIIERY LS R —E, A TS ]
e

(2) 38 5 70 A 52 & A RE Y i
R v [ AR 2 T S, SR Y T b 4
AR FAHES S G AR B il i HA

BRI

2 £ X

[1] VES . AR KRB R AT (AL
PR [, B RPLBEH S 5T, 2008(3) :11-
15,18.

WANG Ping. Application of composite
material in lager civil airceraft[J]. Civil Aircraft
Design & Research, 2008(3):11-15,18.

(2] R0 JAERE TR . B E AL
R U A PR T R B & 5 1) ().
Pz SR A | 2008(10):54-57.

CAI Wenfeng, ZHOU Huiqun, YU Fengli.
Current status and development trend of epoxy

resin carbon fiber reinforced composites

R I LAAME

BUEAME
Profile compensation

forming process|[J]. Aeronautical Manufacturing
Technology, 2008(10):54-57.

[3] SKRMESR, d T, kM. BRETLER
GRS BAR B (1], AL E
K}, 2004, 21(1):50-53,58.

ZHANG Xiaohu, MENG Yu, ZHANG
Wei. Development and tendency of carbon
fiber reinforced composite materials[J]. Fiber
Composite, 2004, 21(1):50-53,58.

(4] TR EA PR R A TE SR
BORDISE (D). TEIH « TS HER R |, 2013.

XU Jing. Research on thermal curing
deformation of composite and compensation
technology[D]. Shenyang: Shenyang Aerospace
University, 2013.

(5] FRIGER: . 2 A FORHAIF ]S Y
SN 5 M2 D] F AL BRI S R K
27,2011,

CHEN Xiaojing. Curing deformation
prediction and compensation of composite
material components[D]. NanJing: Nanjing
University of Aeronautics & Astronautics,
2011.

(6] fHARFT . CHLE AP RH 3 7
S P S AN 5 B8 7k (D). AT - P A
RUZS IR, 2013.

FU Chengyang. The temperature filed
simulation and improvement method of aircraft
composite parts in autoclave process[D].
Nanjing: Nanjing University of Aeronautics &
Astronautics, 2013.

(71 0, 25 Bk . U RUZIEAR
T UL ) — AR A [y S TR
JRAREZ AR AR, Kb, 2010.

SUN Jing, LI Yanxia, GU Yizhuo. Three—
dimensional numerical study on temperature
field in U-shaped composite laminates during
autoclave Process[C]//16th National Conference
on Composite Materials, Changsha, 2010.

[8] R . A FORAT 2R S H VE
SPAT D] MR < BRI Tl KA 2000.

YAN Zhaoming.

composite material truss structural thermal

Analysis of

deformation[D]. Harbin: Harbin Institute of
Technology, 2009.

[9] B&FES L, JHIEN] . RIS EE
B RRL I T i iR RIS ()]
BEREAAR , 2009(2): 61-65.

CEHN Xiangbao, XING Liying, ZHOU
Zhenggang. Research on the temperature
simulation of the resin composite manufacturing
process[J]. Journal of Aeronautical Materials,
2009(2):61-65.

0] Tokst, Pk, WiERE AR



Moulding Technology for Composites Eﬁﬂﬂmﬂﬁ*

TSI E A MR M B IR S 05 25
i [J]. IS EA R, 2009(3):81-85.

WANG Yonggui, LIANG Xianzhu, CAO
Zhenghua. Research on autoclave process
molding temperature field of advanced composite
components[J]. Glass Fiber Reinforced Plastic/
Composite Materials, 2009(3):81-85.

[11] Fokst, BRIk, WiEte UK
T2 B I s g A SR U A B2 37 Y 52
[J]. BYEEH 1 A FEL, 2009(4):70-76.

WANG Yonggui, LIANG Xianzhu, CAO
Zhenghua. Effect of autoclave process pressure
on frame-type tool’ s molding temperature
field of composite components[]]. Glass Fiber
Renforced Plastic/Composite Materials,
2009(4):70-76.

[12] A . EE MR RRERIE
TRV CHEBORATFE (D). B AL - B AU
BRI, 2010.

LI Guidong. Research on key technologies
for tool design of composite components
undergoing autoclave processing[D]. Nanjing:
Nanjing University of Aeronautics &
Astronautics, 2010.

[13] 208N AL A 2 A R n 2
S TR D] j AL L2 R
K2, 2010.

LI Deshang. Research on composite
tool design of aircraft composite components
undergoing autoclave processing[D]. Nanjing:
Nanjing University of Aeronautics &

Astronautics, 2010.

[14] . EEFPE IR 1L R %
{ERELL [D]. R IREE : BRI Tl R, 2006.

YANG Fan. The numerical simulation
of composite resin curing process[D]. Harbin:
Harbin Institute of Technology, 2006.

[15] 2 Wk2ad Xt ZERE
I fleiod A o L R 0 5 43 A R AR AT (D). 3
LI | 2009, 49(5): 126-130.

LI Jun, YAO Xuefeng, LIU Yinghua.
Analysis on the distribution of temperature
during the curing process of composite material
components[]J]. Journal of Tsinghua University,
2009, 49(5):126-130.

[16] ==l . 474k / WIRE SRR
T Al G e AR IR A BIFSE (D). 55/« 1l
R, 2014,

LI Pan. Research on heat curing in molds
and demoulding deformation of fiber/resin
composites|D]. Ji’nan: Shangdong University,
2014.

(17 L8 SRR T 205 LR (0 A
22l A L 2011(20):105-108.

WANG Yuan. Simulation technology of
autoclave process|J]. Aeronautical Manufacturing
Technology, 2011(20):105-108.

(18] FkaiZE, WEIERE , JGRRAR . AR
T i 5 52 B Rk [ A0 78 T 52 i TR 3R 4347 (01,
AP ERFR, 2009, 26(1):179-184.

ZHANG Jikui, LI Zhengneng, GUAN
Zhidong. Analysis on the influence factors of the
thermosetting resin composite curing process

[J]. Acta Materiae Compositae Sinica, 2009,

26(1):179-184.

[19] #HIEAR, BRiEok . 2B ARTE fhid
T v IR AR 2 37 K [ A JEE A BR TT 43 # (1.
PEIEN 1 AR, 1997(3):3-7.

YANG Zhenglin, CHEN Haoran. Analysis
on the transient temperature and curing degree
of the finite element of laminated composite
material[J]. Glass Fiber Reinforced Plastic/
Composite Materials, 1997(3):3-7.

[20] G . FETSLOIRIR GRS bR
MBS 05 LT D). PR IRES : IR T
W K2E , 2010.

GUAN Zhe. Design and simulation analysis
of resin matrix composites component based on
case[J]. Harbin: Harbin Institute of Technology,
2010.

[21]  FA24IE . SET SIS PR
WERCEL T 2501 5 05 L [D]. IR EE « W /R
Tk K2 | 2010.

LU Xingguo. Design and simulation of
composite autoclave process based on case[D].
Harbin: Harbin Institute of Technology, 2010.

[22] RV . M RETZ
o DR R B (I A RO (A S R
1996(2):100-101.

WO Xiyuan. Composites molding process
in the application of auxiliary materials[]J].
Spacecraft Recovery & Remote Sensing,

1996(2):100-101.

BIAEE : X T, E-mail : wangziliu_87@163.

como

Study on the Cure-Induced Deformation and Application of Compensation
Technology of U Shaped Composite Structure in Autoclave Process

LIU Wangzi, WANG Xinwen, GUAN Haixin, LI Meng, XU Piao, CHEN Zhengsheng
( AVIC Changhe Aircraft Industry (Group) Corporation LTD., Jingdezhen 333002, China )

[ABSTRACT]

The U shaped structure of composite material was studied. Simulation technology was used for the

temperature distribution of typical U shape part in autoclave toolings, and the temperature distribution of the tool and part

in different periods. Under the influence of the heat transmission and distortion of tool, internal heat transmission, curing

degree, ultimately distortion and residual stress of composite part were simulated. According to the results of the simula-

tion, we optimize the structure of tool as well as the curing parameter, establish the compensating scheme for tool, thereby

improving issues of part, including the solidification and thermal deformation. Based on analysis results, the compensating

scheme had been established and validated. Result shows that the deformation between compensation and the theory shape

is 1.37mm. The feasibility of compensation is verified. Profile compensation can be used for improving the manufacturing

precision of composite component.

Keywords: Composite material; Autoclave; Curing deformation; Temperature distribution
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