10

15

20

25

30

35

40

m“&i&iﬁﬁ http://www.paper.edu.cn

ETARERLIBEITES S

Goikre, B0k

(HMEXFERIEEAFFR, MFE 411105)
WE: AT A38ED, BT MRS R S E7ITEHENRE-SRREe . Zh*k
TAL A RN E 2 % s & A 16 AR B 57 Ffr, LRRERR TN HSIF T | . 14
T7 ik B 5 A — AN R R KR B D MR RO 77 A B B ] o R AR, DA R B AR R B B R
MR A B, R T Z T EAMERES ZHY A BRI,
KB BRI s JTREE; ZHINEG BUE-SEK s TR W)
hE S U461; TBI42

DYNAMICAL FATIGUE CHARACTERIZATION OF
RUBBER BASED ON CRACK ENERGY DENSITY
THEORY

JIN Zhuangbing, LUO Wenbo
(College of Civil Engineering and Mechanics, Xiangtan University, Xiangtan 411105)

Abstract: Based on CED (Crack Energy Density) theory, a new numerical-experimental analysis
approach is proposed to evaluate the fatigue life of rubber structure under the cyclic multi-axial
loading. By using the proposed method, the fatigue life and the cracking orientation can be
predicted accurately. One advantage of the proposed method is that the time and cost of
characterizing the rubber fatigue property can be saved dramatically. As an example, the method
is applied to analyze and optimize an air spring shear pad. It can be found that the simulated
results agree well with the experiment data

Key words: rubber fatigue analysis; crack energy density; multi-axial loading; numerical-
experimental analysis; the cracking orientation
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Fig.2 Three kinds of tear test pieces: (a) trousers test piece, (b) tensile strip, (c) plane tensile strip
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Tab.1 Tear energy computation for different tear tests
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Tab.2 The control condition of dynamic fatigue tests
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Fig.3 Specimen for uniaxial tensile fatigue test
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Fig.4 Strain loading modes of fatigue test
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Fig.5 The flow chart of fatigue analysis
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Tab.3 The critical tear energy and tear strength of trouser test piece under different loading rates
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Tab.4 The fatigue parameters determined by fatigue tests based on Thomas model
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Fig.6 Results of fatigue tests and the results of tear test conducted on trousers piece
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Fig.7 Fatigue test of the shear pad
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Tab.5 Hyperelastic model parameters
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Tab.6 The FEA and fatigue analysis results of the un-optimized shear pad
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Fig.8 The FEA and fatigue analysis results of the un-optimized shear pad
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Tab.7 The FEA and fatigue analysis results of the optimized shear pad

P Fes By BTG 58 BOIFARE (JIm?) 9.86510°
95 57 F 1 (cycle) 2.295x10° /NTRRE (Im?) 608.048
UG- [ A 0.677,0.736,0 YT T 5 {7 (deg) 227.37,0




255

260

265

270

|I| “&ie zEﬁ http://www.paper.edu.cn

(0) SO J SR 112 AT BROCHEAY (RIS 43 1/2 A7 BOCHE R

+8.700e+14
+1.384e+14
+2.203e+13

3.506e+12

Fatigue life

(&R B TR BE M (D JER R EN TR BE D i

1X10° : ‘ ‘ T . . . ol
-l""' 0.0754 -
< 9x10° ] S 40l
% ° 0.0504 g 10 = p=51°
oé £x10°) ¢ 0005 | = 6=51° § 10%4 WA
w —=—9=51° —e—0=132° 2
© —e—0=132° M g
7x10°4 0.000 p 10°4 J
0 10 20 30 20 0 10 20 30 0 10 20 30
¢/deg ¢ /deg #ldeg
)RR T2 3 () CED ey (K) A7) P8I 7 28 73 1 07 LA (A IR T8 3755 5 for
K9 ot JE I SRR BRIT /AT IR 55 o M 4 2R
Fig.9 The FEA and fatigue analysis results of the optimized shear pad
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