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Effect of external load on mechanical properties of CFRP bending under
different temperatures and humidity

JIANG Ming, JIA Jin, XIAO Haiying, ZHANG Dongxing

(School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract; In order to investigate the influence of different porosity carbon fiber/epoxy resin laminates on the
bending mechanical properties at the high and low temperature and hygrothermal aging environment and subjected
external load,the supersonic state and the internal stress state were simulated. High and low temperature accelerated
hygrothermal cyclical tests for T700CF / 3234EP were employed to simulate supersonic aircraft service environment.
Three laminates with porosity of 0.04, 0.08 and 0.11 were prepared by controlling the molding pressure. The
loading of the laminates was loaded with 0, 30%, 40% and 60% of the maximum bending load of the laminates,
respectively, and then placed in the high and low temperature environment test chamber. The bending strength of
composite laminates under different temperature cycles is measured respectively, which were simulated based on
ABAQUS software. The experimental results show that the external load and porosity increase the bending strength
reduction of the laminates under the alternating temperature and humidity field.During the high and low temperature
and hygrothermal cycle 4 ~6 periods, the secondary curing phenomenon becomes more obvious as the load increases
andthe changes of the bending strength of the laminate is relatively gentle. The calculated trend of bending strength
based on finite element model was consistent with the experimental results. The effects of high and low temperature,,
hygrothermal aging environment and external loading on the bending strength of composites were explained. The
bending property of carbon fiber / epoxy resin laminates with different porosities were predicted accurately.

Keywords: CFRP; void; bending load; hygrothermal environment; mechanical properties

PREF ARSI AW SR (RIFR CFRP) B BRI Rl 45 . BT, CFRP & i il 2
A U/ LESREE R | MR R R PO R MRS EEA KR 2 — (B T CFRP & T2
A2 b R S50 5, T R 2SR K AR N A bR 52 A R AL R AN T B
KARTF I, LB X 5 45 R 1 22 P RE AR AE AN A

Wi HEE: 2017-04-18 By et [5-7] i b T DR AT A o s N
HEWH . BRiTa ARBI#E4 (E201311) E/‘ﬁ N ﬁJﬁDﬂJL%ﬁHiEf Mﬂﬁﬁ%&/ﬁﬂlmﬁl
BN, £ W(1992—) 5 G+, FIRE 5 K 50 AR A S A 45 ol 8 I B TR )

HAL1961 ) b B ML S JLA AR IR 5 SO A R R 2R i A

BIE1ER: ¥ iT,jiajin@ hit.edu.cn



55

LW, A5 IR SRR T AN XA FLELAR CFRP 25 ) 2 PERERZ R -39 -

M M R IREE RN ZE 22— kLK
TTHE, I 52 W B R 32 A Y TR B 76 - 55°C ~
130°C 5B ETE 0~ 80%RH 278 FRES 21 £k K
THEAEE AT, CATA I AGEE I BRI , 7048 &
BUREAS CATIRAE I IE] , 526 A A Tk B 508 B 58
ARG ER O T RA TR R AR R IR
(i) 57 S TR A5 PR PR 2R s ) 1) [ A 25 37 3]
ST VE R, a8 ar I BE (A T 240 L Tri RS
PONCRE e SN UM S diics 9 W NI BUIN:OE 7 /TR = (1)
NI K ZHE# 2 R KR 8K 56 4 45 i 5
F1A) 305 A o 3 3K 6 9 O 9 A MR i A
AiE , 10 PRI AT L SR I AT 28 S B IR 152 24
B, IRV A% B AR Ay 52 T, A5 58] A S 30 48 SR A S
By L ELA AR K B Sy B

PRI AR TR LA 5 Bl 7 ) ik 2T 24 348 5 B SR Ml 35
HAMECF/EP) JE A MU XG5 T M RHIR 1%
S ] 0 R SR SR P 7 IR A 3 S AU e AL
AR A 1) e EK TR A 2 M A PR, F 5 LB
RHIMINZEATXS CFRP 2G4 i )24 e B AL i
IR RE. S5 G BRI, diar 12 PEReT
AR AR Y 48 7R A B CFRP (R PERE v A HLH], N
CFRP 7E5GHE €L R FHER RS MR .

1 £ I

1.1 RS BRIXEFE

ARG S A AL R FH 2R T 23 W 2B 7= BRI ET 2 3G ik
WREM NG (T700/3234) Tz K, £ 4k 1R FL 0 %0k
60%. JZEMCR T TA)Z A2 08 (0,90) , R
518 300 mmx300 mm, FIREHZECN 20 2. 2GR
FHGRACATURSE HE 28 | 3 3 42 1] [ 4k e 0 A= 7 3 Fl
FLBR) CFRP 2SR
1.2 SEEBELTEMENLIRE

B BT LR 1 FTs IR SRR R B v | A5
PNEL AL RAT AR A FREE X b4 b BE A5 0.

7d

100
120
— m
g 60 L
= ol Al o b 14 =
M 48 72 96 120 144 168 1 =
-60

R [ /h
1 T700/EP EEREIERAERTZ (RBLKKRIE
B, EeLARENEE)
Fig.1 T700 / EP laminate plate accelerated hygrothermal cycle
process ( black line represents temperature, blue line

represents relative humidity)
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Fig.2  Schematic diagram of self-made bending load loading device
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Fig.3 Different Molded Curing Pressure Compression Laminate
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Fig.5 Three porosity bending specimens via eight cycles of
bending performance changes
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Fig.6 SEM images of different cycle period
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Fig.7  Curve of bending strength of different porosity samples
from different bending loads
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