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Prediction of Thermal Aging Age of Carbon Cloth Reinfored Epoxy Composites Used for Naval Gun Ammunition
Li Hua', Yu Qiangian®, Wu Zhongquan®, Liu Yaping’
(1. Naval Armament in Xi’ an , Xi’ an 710043, China ; 2. Shandong Nonmetal Material Research Institute, Jinan 250031, China)
Abstract : The influence of thermal aging on mechanical properties of carbon cloth reinforced epoxy composites used for naval
gun ammunition was studied, and thermal aging life of composite was predicted by using regression analysis method. The results
show that carbon cloth reinforced epoxy resin composites are at a temperature of 110,120,130, 140°C hot air aging conditions for 2
000 h, the mechanical properties of carbon cloth reinforced epoxy composites are overall downward trend, but the decreasing extent
is a little. Even in the whole test process there will be performance increased indicating that the composite has good mechanical

properties. The prediction show that the age of carbon fiber reinforced epoxy composites stored in normal temperature is 20 years

when taking 90% as the lose effectiveness limit.

Keywords : carbon cloth reinforced epoxy composites ; thermal aging ; mechanical properties ; age prediction
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900 947 70.4 780 61.6 1110 59.8
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1600 920 71.3 752 64.8 1220 74.5
2000 966 77.4 748 65.8 1150 66.0

R 2 ROCEHAILERENIEEE SHEHIIKLER

SO RO e g %ﬁf 5 jfgﬁ

W) /h J& /MPa #¥iit /GPa J /MPa H /GPa J% /MPa apa

0 883 70.7 789 61.9 1210 65.7
300 925 73.9 678 64.2 1190 66.9
600 911 73.7 831 66.4 1180 67.1
900 889 66.6 760 62.7 1130 61.1
1200 910 71.4 763 64.0 1270 78.5
1600 861 715 719 63.4 1240 73.8
2000 955 70.4 719 63.7 1140 64.8

R 3 BOCHRARIEARIEREE SHEHIIKLER

P
e

I s

Wl /h i /MPa BCRE /GPa Ji /MPa (oPC g sMpa PR/
i / GPa GPa

0 883 70.7 789 61.9 1210 65.7
300 927 74.3 745 64.4 1190 66.0
600 945 71.9 870 70.0 1180 67.6
900 884 74.2 831 64.4 1130 59.9
1200 905 72.0 724 63.9 1240 77.4
1600 951 71.5 822 71.9 1330 81.2
2000 925 73.8 723 65.4 1114 61.8

R4 10CHRAERAERIERESHRIIIKER

JE4g 5 o 5

ALY ffiﬁﬂ?ﬁ Fr s {Eﬁ?ﬁ e %EEE Wi
8] /h Ji /MPa #5it /GPa J& /MPa ., J /MPa

i/ GPa GPa
0 883 70.7 789 61.9 1210 65.7
300 956 71.0 739 62.0 1170 66.1
600 883 68.7 767 66.4 1160 66.3
900 954 72.0 871 61.1 1080 61.4
1200 892 73.1 754 61.6 1270 75.4
1600 912 745 785 66.4 1280 76.6
2000 788 733 736 62.3 1172 64.4

2.2 BRI IRIRA A AT AL TR

FE AT 18 8 A U R 2 G A R R b T g
F5 () S L, SR 11U 43 B 9 D7 e xh e AL 77
AT T I

LRSI e ST B R TW =R i WA K= G AT A
IRIGH , & BT A —InZe vk ml = 5 7, Bk A
IR N : y=atbx,

MR 1~ 3R 4 A MR T 2 pelA 4
FERTUUF s iy 1 B A A A AR %, HL


杨超


AR S IR T, R A B SR PR ST G AR AR AL T3 i 50 107

HA—E M. i, X BRI S48 120°C
T AR ES EREE A R REA AN I AR A i ) M RE R
bro SR A S b Rl , e St e At 5
XA BB 25 5 R S AT ) BEA T [m1 )91 23- B
FEVEEEE R 90% M A5 AL, i A an k =Cpr
Mo IXHL =T, ZAE 1A T7 BRI AR AR SR

RS T3R5,
x5 ITEIEFHEXEE
i X, Y x v XY,
1 0 100 0 10000 0
2 300 98 90000 9604 29400
3 600 98 360000 9604 58800
4 900 93 810000 8649 83700
5 1200 105 1440000 11025 126000
6 1600 102 2560000 10404 163200
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b3 6600 690 9260000 68122 649100

x=%X6am=94x &=%X6WV:%5%

=

S. =D x! — ni’ = 9260000 — 7 X 943> = 3035257;
y:—ny’ = 68122 — 7 X 98.57* =— 109.7;

Se = D %y — nk Xy = 649100 — 7X 943 X
i=1
98.57 =— 1560.6;

U] PASRAS

Sy _ —1560.6 _
S. ~ 3035257

a=y—xb=9857—943 X(—0.00051) = 99.05

JT LA, I H BT FE R 9=99.05-0.00 051x,

PRI, B RG2S i i B DR R y 5 2 AT ] x
B R RN - 3=99.05-0.00 051x

2 TR UM AR Uh 1 RE 1) 90% 1 R A1 k) 2%
AR A5, BV ) 257 it 5 8 2 SR i A R 90%
XFERE AL BRI i s A B3R DT R, AT AR R
TE 120°CF MV AEFA A 17745 h( 29 2 4F ),

HR A5 AH O 0 Ak AN IR ABLATE 5 & B, X TR £F

b= —0.00051;

ARG ORI B FORHI & LR 120°CHCEE 1 h A
T AR AE A 20~200 h A2 47, A L HUT BR
20 h, A REE IR A7 A o TR 40 4F. % EE
SEPRGOLRENR B A i PE R , AT AR R
WELAAE F R AT A AR 2R 20 4R
3 Hig
(1) AT B S IR S I L 52 5 AT RHE IR EE 110,
120,130, 140 C =M A F T 24K 2000 h, #14
AT AR RE VAR R T ke 3 (B RRIRAR N e
AN R s MR RB(EOR TR R E R T L, 3X
FEOE R TAPRHE IR IR AR AL T [ i Y,
UL TR RAT S 1 oA R fE
(2) B A M 5 PR SRR iR S 52 5 R BRI AT
FAFT , LIBHE 120 °C7F 25y 5 BE LR R3320 J5i iy
{ELRY 90% 1 R R, HICAF A5 6r 2470 20 4F
2 % ok
(11 Emd, XA, dllHe, 4 . YR R S AL SR 2 TS
P[], AR TR, 2011, 56(7):85-90.
Wang Yunying, Liu Jie, Meng Jiangyan, et al. A review on aging
behaviors of fiber reinforced polymer-matrix composites[J]. Journal
of Materials Engineering,2011,56(7):85-90.
[2] AT, Fade, B0, 55 AV AN SRR N3 A LT
7% [J]. KR 51, 2009, 4(2):65-70.
Meng Jiangyan, Wang Yunying, Zhao Qing, et al. Accelerated
aging mechanism of universal unsaturated polyester[J]. Failire
Analysis and Prevention, 2009 ,4(2):65-70.
[3]1 R, A%, ARiE, A | ESMRZGIN AT A5 A ik PP B AR
i [7]. BE BT TR, 2005, 12(4):20-25.
Luo Tianyuan, Zhou Kun, Yu Shuhua, et al. Summarization on
foreign ammunition storage life test and evaluation technology[J].
Equipment Environmental Engineering, 2005, 12(4):20-25.
[4] mIbERL, RAETE, WL S IR A A i B T AT T
W (9], E AR S B, 2009(1):24-29.
Gao Xiaomin, Wu Kuixian, Gu Zhongyun. Summary of prediction
methods applied to storage life of missiles and amunitions[J].
Chinese Materials Science Technology & Equipment,2009(1):24—
29.

BEXERSESRETIRERFRE
F 5 DRI P A2 A Ak A IR WA & ) v B v L ASE
R ES AT YRR (B CTM BEEE” ), 3T A 3845 2013 4
FEH PRTTRH kD — A4
AL, TM 5205 BT 512 19 E JEEFAR L, F
SRS = 12 30%, SRR R T2 20%, HAUR 97 1

RESTINOESE . AT, T™ BE2F 0 HAT AP bi i i e fg
iKE]T ECR BELF Ko

HHT, T™M 34 5 fmidad 1 GL Ik ( E PR 44 1
W K BB i 5 2 AR ) AR BRI 24 i R il s v
LM (INIE, & B0 TR B i s8R | e SO S
T it AT (PEREMA )


杨超




