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Experiment on mechanical properties of resin matrix composites

laminates under various temperatures
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Abstract: The mechanical properties of resin casting body and carbon fiber reinforced
resin composite laminate were investigated under various temperatures experimentally. Influ-
ence of temperature on the stress-strain curve was discussed and then fracture surface analy-
sis was also conducted. The experiment results showed that the tensile and compression

properties of the resin casting body were obviously affected by temperature, and both of the
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properties were unequal. The average tensile modulus and strength fell by 31.73% and
44.71% compared with the value at room temperature (RT 20 °C), and then dropped by
21.15% and 20. 37 %, respectively if continuing to heat up to 200°C. The average compres-
sive modulus and strength at 160 °C decreased by 26.67% and 44.40% in comparison with
those at RT, and the relative values continued to decline by 6.66% and 12.40%. For the
composites, the longitudinal tensile property was hardly affected by temperature. The maxi-
mum amplitudes in the average stiffness and strength were only 2.82% and 2.53%. The
longitudinal fractured surface morphology illustrated a “brushy” shape at RT, while a split
configuration was observed at elevated temperature. The mechanical properties of transverse
and in-plane shear were significantly affected by temperature and the stress-strain curve
showed an obvious nonlinearity, however, a neat fractured surface subjecting to transverse
loading and shear fractured surface had no significant necking appearance, which indicated brit-
tle-natured fracture. The modulus of transverse and in-plane shear was reduced by 32. 96 %,
41. 25% and the related strength declined by 15. 83% , 30. 96 % at 160°C compared with those
at RT. When the temperature reached 200 °C , the modulus continued to decline by 16. 83 %,
22.52% ., and the corresponding strength dropped by 12. 24 % and 11. 01% , respectively.

Key words: unidirectional resin composite laminates; transverse tensile test;

in-plane shear test; elevated temperature performance;

fracture analysis
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Table 1 Volume fraction of composites laminates

Types of composites laminates ~ Volume fraction/ %

[0]s 41.53
[90]s 41.53
[45/-45 1, 43.02
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(numbered in the same order in Table 2)
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Table 2 Results of the tensile test for resin casting body

Stiffness/ Average Average Strength/ Average
No. Temperature/C Loads/kN
GPa stiffness/GPa loads/kN MPa strength/MPa

1+ 3.95 2.56 49.51
24 20 4.52 4.16 3.23 2.76 63. 86 68. 44
34 4.02 2. 48 79. 46
44 160 2. 84 2. 84 1.51 1.51 37. 84 37. 84
5% 1. 98 0. 94 22.18

200 1. 96 0. 96 23.90
C= 1.93 0.98 25.62
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Fig. 5

at various temperatures
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(numbered in the same order in Table 3)
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Table 3 Results of the compression test for resin casting body

Stiffness/ Average Average Strength/ Average
No. Temperature/ ‘C Loads/kN
GPa stiffness/GPa loads/kN MPa strength/MPa
1 3.38 20. 32 199. 25
24 20 3. 50 3. 45 18.98 20. 04 189. 48 197. 29
34 3.47 20. 82 203.13
44 2. 44 11.19 110. 02
160 2.53 11.17 109. 69
54 2.62 11. 15 109. 36
6 200 2. 30 2.30 8. 74 20. 04 85. 22 197. 29
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Fig. 7 Compressive failure photographs of resin casting

body at various temperatures
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Table 4 Results of the longitudinal tension test

. Stiffness/ Average Strength/ Average
No. Temperature/C
GPa stiffness/GPa MPa strength/MPa
1+ 102. 12 967.78
20 98. 11 1021. 61
2 94. 10 1057. 44
34 95.62 941. 29
160 95. 37 995. 75
4 & 95.12 1050. 20
54 95. 38 1051. 20
200 95. 34 1001. 56
6 £ 95. 29 951. 91
7 260 89. 76 89.76 931. 35 931. 35
84 300 104. 75 104. 75 893. 14 893. 14
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Fig. 9 DMA curve of QY8911-1V
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Fig. 11 Stress-strain curve of the transverse tensile

specimens (the data in Table 5)
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Fig. 12 Bar chart of fracture elongation vs.

environment temperature
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Table 5 Results of the transverse tensile experiment

Stiffness/ Average Average
No. Temperature/C ) Strength/MPa
GPa stiffness/GPa strength/MPa

j= 7.19 35. 68

20 .07 38. 46
24 6. 94 41. 24
3 4. 71 32.35

160 .74 32.37
4 & 4.76 32.39
5 3.59 30. 71

200 3.55 27. 66
6% 3. 50 24. 60
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Fig. 13 Fracture photographs of the transverse tensile

specimen at various temperatures (shot by 160 ‘“""";“"]#;“ """" '“""J;'“‘_'" _"-—38:3 N
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Fig. 14 Photographs of fracture surface in transverse B15 1w A 5g U g -y AR it 2k CROHE Lk 6)
tensile specimen (at 20 C) (shot by Fig. 15 Stress-strain curve of the in-plane shear
electron microscope) specimens (the data in Table 6)
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Table 6 Results of the in-plane shear experiment

. Stiffness/ Average Strength/ Average
No. Temperature/ ‘C )
GPa stiffness/GPa MPa strength/MPa

1+ 12.17 149. 44

20 12.12 149. 45
2% 12.07 149. 45
3% 70 10. 43 10. 43 134.16 134. 16
4 120 8.53 8.53 110.72 110.72
5% 7.02 105. 74

160 7.12 103. 18
6 7.21 100. 61
7 4. 40 88.72

200 4. 39 86.72
84 4. 38 84.71

9# 300 0. 81 0. 81 27. 39 27. 39
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Fig. 16 Fracture photographs of the in-plane shear

specimen at various temperatures
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Fig. 17 Microscopic fracture photographs of

specimen at 20 C

(shot by electron microscope)

3. 4

AR SCEE X QY8911-IV &l i i g i & &% T300/
QY8911-IV W g Fe &2 5 A4 B itE 4T T A [ i B2 3 455
T 2 IR AW T 45 B R R
T P v W 11 T S5 RURR B ) 5 40 ML S L AR
BT 4518

1) ZliR i 56 T R A | e 46 1 i 32 1 B 52 )
R T R AR v BE . 24 IR B2 20 °C TF 2 160 °C
I A X 20 C IR BE T, 0 S (E BRI N 44. 7124,
k2L THR E 200°C LR X TR T 36.84%
CAEXE 160 °C R BIED  FORLRL I8 117 %, R B R
i 1 e A BT 11 0 s R T S 46 PE gL AH X 20 °C
160 °C N FE 45 % B ¥ (5 F B T 43.24%,200 C J&
AERBE M LR RE T 23.90% CRIXF 160 °C R 1y
(B« B R S 405 15 T 0BT 11 T 350 52 Tk 32 55 o g S [
TEEMR T R 40 )5 1A 52 302 L 5% A8 TE ik
PRI A RS A T iR R4S A
B e R A LG AR TE . FL A B B i .

2) fE 20 ~ 200 °C 3 B H, 2 [m T300/
QY8911-IV R s & S M BHZ G R EA RIFI
] F A g 24 R AR L T -0 AR 2R R W e B A 1
Kb 2 E LI W R 7 5Ky 2F 4 s 1 il
RSB E TR B R Kk 8 2. 7900, 3R fe R
W zh 2. 53% s 4R TL 2 260 °C I AR AR 5



4

R RS R TRE T IR B A SRR A AR 2t R

1017

SEREE XN B AHXE 20 °C, B 43 G 35 5. 8500,
8. 84 0. Mk B TH i B 260 C i, 4% i 3k 1K 22 IR i
S B RR R R BT AL AR 4 2 S A 4
PR B4

3) 7E 20~200 °C , K [ $7 i K 1 P 85 V1 1
PEBESZ I A S0 B . R B E L AR BE 4 B
L B T T . 5 20 ‘C A EE L 160 °C I
8 1] R A3 1 A B (T B T 32,96 %0, R i
N 15,8300, 1 N BT YA AR BRI E T RE T
41.25% B BE R RE T 30. 96 %5200 °C I}, AH X T
160 °C BI{H . A4 FHE il 4k 22 T B o b o) ir ik
RIS R E— 5 R T 25. 110, 5% B T [
T 145500 T N BT U R B R T R T
38.34% i F I T 15.95% 5300 °C i}, 4 K 1
R KB BE XA 20 CC B Y 6. 68 26 F 18. 27 %0. M
IPFRE DTS E 0T LB 3 0 1 Bz o 0
F BRI B IR, 1 T 1 5T YA o
Ak H B 2 B AT 2 ST A3 2 R % AT e
IR i AE 300 °C B T P BT 1 4 0 101 400 1 o
BN N €
Brigt:

AR SR IR AF B0 T A6 52 i v TR ST T PR
e M2 | B e 4 21 LA T A R 2 A0 B I ARG
B Bl 76 0L 7 DA

S 3k :

[1] Kawai M, Yajima S, Hachinohe A, et al. Off-axis fatigue

behavior of unidirectional carbon fiber-reinforced compos-
ites at room and high temperatures[ J]. Journal of Compos-
ite Materials,2001,35(7) :545-576.

[2] Ming HR.,YuC T,Huang K K H J. Fatigue response of
APC-2 composite laminates at elevated temperatures[ ] ].
Composites: Part B Engineering,2008,39(7/8) :1142-1146.

[3] Rupnowski P, Gentz M, Kumosa M. Mechanical response
of a unidirectional graphite fiber/polyimide composite as a
function of temperature[]]. Composites Science and Tech-
nology» 2006 ,66(7) :1045-1055.

[4] HaS K, Springer G S. Nonlinear elastic properties of or-
ganic matrix composites at elevated temperatures[ ] ]. Jour-
nal of Engineering Materials and Technology, 1988, 110
(2):124-127.

[ 5] Ha SK,Springer G S. Nonlinear mechanical properties of a
thermoset matrix composite at elevated temperatures[ ] ].
Journal of Composite Materials,1989,23(11):1130-1158.

[ 6] Odegard G,Kumosa M. Determination of shear strength of
unidirectional composite materials with the Tosipescu and
10° off-axis shear tests[ J]. Composites Science and Tech-

nology.2000,60(16) :2917-2943.

7]

[8]

[9]

[10]

[11]

[12]

[13]

[16]

[17]

Odegard G, Kumosa M. Elastic-plastic and failure proper-
ties of a unidirectional carbon/PMR-15 composite at room
and elevated temperatures [ J ]. Composites Science and
Technology,2000,60(16):2979-2988.

Vieille B, Taleb L. About the influence of temperature and
matrix ductility on the behavior of carbon woven-ply PPS
or epoxy laminates: notched and unnotched laminates[]J].
Composites Science and Technology, 2011, 71 (7). 998-
1007.

Selezneva M, Montesano J, Fawaz Z. Microscale experi-
mental investigation of failure mechanisms in off-axis wov-
en laminates at elevated temperatures[ J ]. Composites: Part
A Applied Science and Manufacturing,2011,42(11) ;1756
1763.

Montesano J, Fawaz Z, Poon C. A microscopic investiga-
tion of failure mechanisms in a triaxially braided polyimide
composite at room and elevated temperatures[ ] ]. Materials
&. Design,2014,53(1):1026-1036.

A Uk AL A AN FERR IS T R/ R RS
MERE A TERE LI 5 [T ], &6 MRHE . 2010, 27(6) ¢
16-20.

FENG Qing, LI Min, GU Yizhuo, et al. Experimental re-
search on hygrothermal properties of carbon fiber/epoxy
resin composite under different hygrothermal conditions
[J]. Acta Materiae Compositae Sinica,2010,27(6) ; 16-20.
(in Chinese)

A, B ARG L BEAR L 4. CF3052/5284RTM & 4 HE 4
PERELT]. MR R T2 ,2010(4) . 84-87.

LI Ye, ZHONG Xiangyu, CUI Yu, et al. Hygrothermal
properties of CF3052/5284RTM carbon fiber fabric com-
posites[J]. Aerospace Materials & Technology,2010(4) :
84-87. (in Chinese)

B AR. QY8911 W fIE R & K H LA N A LT A Rk
FH,1995,23(1):1-8.

ZHAO Qusen. QY8911 BMI series resin and its engineer-
ing application[ J]. Engineering Plastics Application,1995,
23(1) :1-8. (in Chinese)

RS AR. SEHE A BT I LML b a0 HUAR Tl AL
2003.

R IR AR D of Tt S0 e B i A0 A2 5 A RHIR AR [ 1. 4
H%.2001,15(10) : 2-5.

ZHAQO Qusen. BMI resin system and affordable composite
[J]. Materials Review,2001,15(10) :2-5. (in Chinese)

B R 2 BRI X S 45 g T A X 2T 2 4 5O T
K Tk S0 JHie 1Y I H 2 b R g 2 M e e S M F S LD . A 4t
HEMEL2011,21(1) :21-23.

SUT Xiaodong, LIANG Chengli, LIU Wenbo, et al. Effect
of thermal-aging on the mechanical properties of carbon fi-
ber reinforced bis-malemide composite material[J]. Fiber
Composites,2011,21(1):21-23. (in Chinese)

3B B, M E R, ER 4R, CCF300/ QY8911 i £ 4 14 3t
A BRI R 4 Pk s W L) 0. 2 8l ) 2 4. 2013, 28
(6):1231-1235.



1018

EE

LRI

[18]

[19]

[20]

ZHANG Yongbo, FU Huimin, WANG Zhihua. Compres-
sive strength prediction of CCF300/QY8911 unidirectional
fiber reinforced composites[ ]J]. Journal of Aerospace Pow-
er,2013,28(6):1231-1235. (in Chinese)

FEMEYE IR TR, T300/BMP316 J245 M frifi J5 F& 45 5 B2 i
3 [T, 0% 3 41242, 2008, 23(11) : 2001-2006.

CUI Haipo, WEN Weidong. Post-impact compressive
strength experiment of T300/BMP316 composite lami-
nates[ J]. Journal of Aerospace Power,2008,23(11):2001-
2006. (in Chinese)

A3 3, WA L R S AL T e T 2R I 0 i A Al e B b
BHIBF T S L], 28 BA B3R . 2012,32(6) : 1-13.

BAO Jianwen, CHEN Xiangbao. Study on hygrothermal
properties of 5284/T300 composites[J]. Journal of Aero-
nautical Materials,2012,32(6) :1-13. (in Chinese)

T T e A R A R T TR SR O e R i % R
G AR RFEE JRE LT ], SRR 20, 2000(1) < 1-6.

[21]

[22]

YANG Shiyong, GAO Shengqgiang, HU Aijun, et al. Pro-
gress in high temperature polyimide matrix resins and car-
bon fiber reinforced composites| ] ]. Aerospace Materials &.
Technology.2000(1) :1-6. (in Chinese)

E R B AR Y B H. GB/T 3354-1999 & [ £ 4k 38 5% 48
ARHRL A B 0 O v (S, b T b AR o 4 WA 5 1999.
The State Bureau of Quality and Technical Supervision.
GB/T 3354-1999 Test method for tensile properties of ori-
ented fiber reinforced plastics[ S]. Beijing: Standards Press
of China,1999. (in Chinese)

[ % o 2 W R 3 A L R, GB/'T 2567-2008 4 i 6 T
PR R 56 77 1 (ST, At < v 47 i S AR 2008,
General Administration of Quality Supervision Inspection
and Quarantine of the People’s Republic of China. GB/T
2567-2008 Test methods for properties of resin casting bo-
by[ S]. Beijing: Standards Press of China, 2008. (in Chi-

nese)

(%t R Z)





