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Fig.1  Component (a) and numerical model (b) of metal rubber 

a b 
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Fig.2  Comparison of stamping force curve 
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Fig.3  Comparison of different surface tissues: (a) upper surface,   

(b) under surface, (c) outside surface, and (d) internal surface 
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Table 1  Comparison of thickness 

Specimen 

Size of 

product/mm 

Size of numerical 

model/mm 

Error/% 

1 3.20 3.42 6.88 

2 2.70 2.93 8.52 

3 2.44 2.69 10.25 
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¬ 4  ab^cd[IG² 

Fig.4  Comparison of quasi-static loading curves 
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Fig.5  Coordinates of nodes of metal wire in loading direction 
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Fig.6  Elastic micro structure 
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Fig.7  Vector rotating sketch 
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Fig.8  Motion of the elastic micro structure: (a) left view, (b) top 

view, and (c) front view 
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Fig.9  Comparison of elastic deformation: (a) left view, (b) top view, 

and (c) front view 
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Fig.10  z-coordinates of nodes of the elastic micro structure 
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Fig.11  Interaction between adjacent micro structures: (a) left view, 

(b) top view, and (c) front view 
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Fig.12  Coordinates of nodes of the elastic micro structure 
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Fig.13  Stress state of the elastic micro structure 
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Fig.14  Location of elastic micro structures 
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Fig.15  Loading model of curved cantilever beam 
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Fig.16  Loading analysis in z direction 
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Fig.17  Bending model of curved cantilever beam 
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Fig.18  Plane yoz of local coordinates 
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Fig.19  Series-parallel model of elastic micro structures 
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Fig.20  Relationship between h and ε 
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Fig.21  Comparison of theoretical model and experimental result 

 

��������

1) v¹OPºò�½;fg�����ì���ð

ñé½�] ÇÈÉÊË����������ÑÒ�

���¡°�HIJ� !��ÉÊA 

2) º$½;fg �]M�����x����f

gp�oÐJK ��M��¡°�HIJ���xô

®A@ª+ j �����3r��"6�¹� 3

r}���¸����/oÐJK z  ÁYZ���n

o!"�z¹°s��¡��6.cd�e�± �±

�eÀ½ h Ä9nε

 

U°���¸����/oÐJK

xoy 6.Ï���no���á���� ¨�²³n

��´�noA 

3) D+G����nof�KLÔó �]M��

����¡°���fn�½Efg ½EfgCé½

æ®çè¦Û ÞèäåM���º»Òé½kE�ρ �

d�Dm +äåM�xJ"é½kφm<¡°�HIô®

é½kam ÇÈÉÊË��`����¡°�HI��

xô® É¹ÚÛË����¶§�·ª«ë�¡°�

HIJ� G�����x>�	��é®çèA 

 

����    Reference 

[1] Setekleiv A Eddie, Hallvard F Svendsen. Chemical Engineering 

Science[J], 2012, 68(1): 624 

[2] Ma Yanhong, Liang Zhichao, Wang Hong et al. Journal of Sound 

and Vibration[J], 2013, 332(22): 5710 

[3] Tan Qingbiao, He Guo. Materials Science and Engineering A[J], 

2012, 546(1): 233 

[4] ЧЕГОДАЕВ Д Е, МУЛЮКИН О П, КОЛТЫГИН Е В. Trans- 

lated by Li Zhongying(���). Design of Metal Rubber Products 

(���� !�"#)[M]. Beijing: National Defense Industry 

Press, 2000: 99 

[5] Chen Yanqiu($%&), Guo Baoting('()), Zhu Zigen(*+,). 

Journal of Aerospace Power(-./012)[J], 2002, 17(4): 416 

[6] Guo Baoting('()), Zhu Zigen(*+,), Cui Rongfan(345). 

Journal of Aerospace Power(-./012)[J], 2004, 19(3): 314 

[7] Peng Wei(6 7), Bai Hongbai(89:), Zheng Jian(; <) et al. 

Journal of Experimental Mechanics(��01)[J], 2005, 20(3): 

454 

[8] Li Yuming(�=>), Peng Wei(6 7), Bai Hongbai(89:) et al. 

Chinese Journal of Mechanical Engineering(?@	
12)[J], 

2005, 41(9): 38 

[9] Li Yuyan(�=A), Huang Xieqing(BCD). Acta Armamentarii 

(E	12)[J], 2008, 29(7): 819 

[10] Cao Fengli(FGH), Bai Hongbai(89:), Ren Guoquan(IJ

K) et al. Chinese Journal of Mechanical Engineering(?@	


12)[J], 2012, 48(24): 61 

[11] Huang Kai(B L), Bai Hongbai(89:), Lu Chunhong(MNO) 

et al. Rare Metal Materials and Engineering(�������	


)[J], 2016, 45(3): 681 

[12] Feng Lifu(PQR), Tan Zhigao(STU), Liu Yunting(VWX). 

Engineering Mechanics( 	 
 0 1 )[M]. Beijing: Weapon 

Industry Press, 1997: 439 

[13] Liu Hongwen(V9Y). Advanced Material Mechanics(UZ��

01)[M]. Beijing: Higher Education Press, 1985: 62 

 

 

 

 

0.00    0.05    0.10    0.15    0.20    0.25 

ε 

6

5

4

3

2

1

0

h
 

 

 

Experiment 

Theory 

 

0.00    0.05    0.10    0.15    0.20    0.25 

Strain 

1.0

0.8

0.6

0.4

0.2

0.0

S
t
r
e
s
s
/
M
P
a
 

Theory 

Experiment 



� 10[                            B  LZ\]^_`�������abcdef?�gh                       �3029� 

 

 

Analysis of Microcosmic Mechanism of Metal Rubber’s 
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Abstract: Based on the numerical model established with actual parameters of raw materials and processes, the microcosmic mechanism of metal 

rubber’s nonlinear stiffness was researched. The numerical model was verified in some respects, including forming force, tissue structure, size and 

quasi-static loading curve. The tissue structure of metal rubber was decomposed and an elastic micro structure model was set up. The spatial 

motion and elastic deformation of elastic micro structure were studied. A mathematic model of metal rubber’s nonlinear stiffness property was 

built. In the quasi-static loading process, the translation of elastic micro structure is the main spatial motion, and its spatial rotation is very small. 

The elastic deformation in z direction can be regarded as a parallel connection of several curved beams. The elastic deformation in xoy plane can 

be treated as a curved beam’s bending deformation, making the distance between two endpoints smaller. The mathematical model agrees with test 

results well and it contains basic structural parameters, micro feature parameters and nonlinear stiffness mechanism parameters. These parameters 

have clear physical meaning and the mathematic model has some guiding significance for metal rubber’s design. 

Key words: metal rubber; nonlinear stiffness; micro mechanism; numerical model 
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