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Fig.1 Non-isothermal DSC curing behavior of the resin
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Fig.7 Effects of pre—heating time at 80°C on the interlaminar shear property of
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Fig.8 Effects of pre-heating time at 80°C on the flexural properties of composite specimens

96

[ — gy

941 — i FE IR

£ 9t

=

4‘1><90'

g8l

5

=R 861
84l

1351
13.48
1345
1342 £

3.39 £

1336 2

b

1333 3
1330 &
13.27
13.24

82

714 21
EALRE] 7 R

28 35 42 49

321

T i s MR AR 22 52 i 1 1 % 52
[ 9 W= (21 N M v N
T2 TR R TR 38 g A IO ™ A 4 o
2R 2 A TN 8] K KRR ], R
FHY E0 22 0 %68 7 780 5 R EL R A 7
RATRLA 3, HEAN S ) T A RO K
JEE K R Jo e g JE Atk ek D A T
TR R R[]

(3) Z 5 T AE A [ B[]
F14) 00326k 1 B 11 )22 45 A 174 J2 1] 85 1)
PERE AN Pk A & A — e R
Bl AR EAR /N, SR, 7E 34
I g 75 o R i RS i 2 OO
[E1] , 3 G FUI R Ao ) 2 52 T AR JE 3R
B v s U B RGP A PR, ) T
HRHI A I S5 2 Jl TR 114 B PR I

& % x o

(1] EHF, sk, £50] . AR
HOAR [CY S AFRE : BB 5 AT Rl R (1
). Aot R ERREEEOR AL, 2010.

KUANG Zaiping, DAI Di, WANG Xueming.
Technology of hot—diaphragm forming[C]//
Composite materials: innovation and sustainable
development (Volume ). Beijing: China Science
& Technology Press, 2010.

(2] #52. ZEARHA R T 2
G301, ML T 5 i TR L 2015(9):20-
22.

HUANG Ying. The analysis on the hot
diaphragm preforming process for composite
material[J]. Mechanical Design and Manufacturing
Engineering, 2015(9):20-22.

3] BRWEFL AR T LA
A400M ZE 32 AL b 4 13 AT (0] A i
A&,2008(10):32-35.

CHEN Yali. Application of composite
forming technique in military freighter A400M[J].

B9 =ZEEBNUXWNESWRIXEREE VIR
Fig.9 Effects of aging time at room temperature on the interlaminar shear properties of
composite specimens

Aeronautical Manufacturing Technology,
2008(10):32-35.
[4] BRAX, 280, kA &5 BReTUER

= 15 = 1300
< = 1250
iz, 145 @

i
= 135 £

R 130 #1100

0 7 14 21 28 35 42 49 0 7 14 21 28 35 42 49
] / K AfE] / K
(a) 2 Hh A e (b)) il

E10 EREUIEEHRHAHFST iR
Fig.10 Effects of aging time at room temperature on the flexural properties of composite specimens

88 M Al EA « 2017 43 16 1]



PREPARATION FOR COMPOSITES Eé\ﬁi&t}ﬁIJ%

FMEL C IR ZE R PR B R 1.2 9], AL st
2R R KEF AR L 2013, 39(1):95-99.

YAO Shuang, LI Min, GU Yizhuo, et al.
Hot diaphragm forming of carbon fiber composite
with C-shaped structure[J]. Journal of Beijing
University of Aeronautics and Astronautics, 2013,
39(1):95-99.

[5] JUJBEE . kel . PG S . FARRIE
TR R HR XS C Y S A PR R
ARG [J]. BEESAY / =S FORL, 2013(5):45-
50.

BIAN Xuxia, GU Yizhuo, SUN Jing, et al.
Effects of temperature and molding rate in hot
diaphragm forming process quality of C—shaped
composite[J]. Fiber Reinforced Plastics/Composite
Materials, 2013(5):45-50.

[6] TE&4 ., tRlHon, 28G4T, 55 . IREF
YEIZ G ROREE 1 I Z2 A P S P2 T A5
1. BFEH 1 AL, 2016(10):50-55.

WANG Dongdong, XU Hengyuan, GONG
Zhihong, et al. Study on the hot diaphragm
forming of carbon fiber composite with beam and
rib parts[J]. Fiber Reinforced Plastics/Composite
Materials, 2016(10):50-55.

(7] FKZE, L. BRdibk 45 . s
WREFUE IRV A R C IR 2SR B S T2
[J]. BEESN / = AFHERL, 2015(3):59-65.

WANG Yongjun, YANG Kai, CHEN Senlin,

et al. Hot diaphragm forming of thermosetting
carbon woven fabric composite with C—shape
structure[J]. Fiber Reinforced Plastics/Composite
Materials, 2015(3):59-65.

[8] JCiRL ., FRA . gl , &5 . LA
WA PRI R i PR U 2L ()]
EAMRIEAR , 2016, 33(7):1339-1350.

YUAN Zhenyi, WANG Yongjun, YANG
Kai, et al. Numerical simulation for hot diaphragm
forming process of the thermosetting rein matrix
composites[J]. Acta Materiae Compositae Sinica,
2016, 33(7):1339-1350.

[9] GRUNENFELDER L K, NUTT S R.
Prepreg age monitoring via differential scanning
calorimetry[J]. Journal of Reinforced Plastics &
Composites, 2012, 31(5):295-302.

[10] GRUNENFELDER L K, CENTEA
T, HUBERT P, et al. Effect of room—temperature
out—time on tow impregnation in an out—of—
autoclave prepreg[J]. Composites Part A : Applied
Science & Manufacturing, 2013, 45:119-126.

[11] OZAWA T. Kinetic analysis of derivative
curves in thermal analysis[J]. Journal of Thermal
Analysis and Calorimetry, 1970, 2:301-324.

[12] OZAWA T. A new method of
analyzing thermogravimetric data[J]. Bulletin
of the Chemical Society of Japan, 1965,
38(11):1881-1886.

[13] FLYNN J H, WALL L A. A quick,
direct method for the determination of activation
energy from thermogravimetric data[J]. Journal of
Polymer Science Part C: Polymer Letters, 1966,
4(5):323-328.

[14] 335, 9495, ERAR , % NLV 4T
G i AR PR AU i T 2R 1 FEAEAT O ().
FAFIRRLF S TR, 2000, 25(12):84-87.

ZHANG Jing, JIANG Ying, WANG
Xiaodong, et al. NLV method of a high toughness
and low volume shrinkage ratio epoxy system
curing kinetics[J]. Polymer Materials Science and
Engineering, 2009, 25(12):84-87.

[15] PRmEN], B RLH skl | 55 . R
A [ (¥ FE AR5 20 1 25 05T (9] 2RI
FH TR0, 2012, 34(1):36-40.

YE Xiaochuan, ZENG Liming, ZHANG
Chao, et al. Model-free kinetic study of phenol
formaldehyde resin cure[]]. Journal of Wuhan

University of Technology, 2012, 34(1):36-40.

R P QUL N C N L e S 1R 0]
6] A 5245 BRI R AL ST RS A
R S A BT E AR L 215 &
U 1 SR — AL ST B bR BRET AR AL S RPRIAE

Az A AL HL 45 R SR AT A AR T

4§, E-mail: zbm_666@qq.com,

Influences of Carbon Fiber/Epoxy Prepreg Pre-Heating and Storage Aging on
Composite Mechanical Properties

CHEN Ping"?, ZHAO Yueqing', LI Hongfu’, ZHANG Boming'
( 1. School of Materials Science and Engineering, Beihang University, Beijing 100191, China;

2. Institute of Aeronautical Manufacturing Technology, Shanghai Aircraft Manufacturing Corporation Ltd.,

Shanghai 200070, China;

3. School of Transportation Science and Engineering, Beihang University, Beijing 100191, China )

[ABSTRACT] The curing behavior was firstly characterized through different scanning calorimetry (DSC) using model-
free kinetic method (Flynn-Wall-Ozawa, FWO). The results show that FWO is suitable to describe and predict the curing
process. At the same time, combining with the characteristic of diaphragm forming, prepreg pre-treated at different time
and temperatures were used to product composite laminates. Then the interlaminar shear and bending properties were
tested. The results show that with the increase of pre-heating time at 80°C , the shear strength gradually decreases while the
thickness of the specimens increases. The flexural modules decrease slightly compared with that of specimens without pre-
heating. For specimens aging at room temperature, the shear strength and flexural properties show small fluctuation with no
obvious regularity as the prolongation of aging time.
Keywords: Model-free kinetic method; Pre—heating; Storage aging; Mechanical property
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