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Fig.1  Component and numerical model of metal rubber:   

(a) real product and (b) numerical model 
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Table 1  Different process parameters 

Specimen 

Compacting 

force/kN 

Thickness of 

product/mm 

Relative 

density 

1 12 3.20 0.333 

2 20 2.70 0.395 

3 28 2.44 0.438 

 

 

 

 

 

 

 

 

 

 

 

 2  �¯|`a -baXY  

Fig.2  Curves of quasi-static loading-unloading 
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Fig.3  Elastic micro structure 
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Fig.4  Variation of contact pairs’ quantity in loading-  

unloading process 
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Fig.5  Ratio of sliding contact pairs in loading-unloading 

process 
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Fig.6  Typical contact pair: (a) left view, (b) top view,     

(c) front view, and (d) position of contact point 
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Fig.7  Non-typical contact pair: (a) left view, (b) top view,  

(c) front view, and (d) position of contact point 
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Fig.8  Mechanical model of contact pair 
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Fig.9  Mechanical model in y direction of sliding contact  

pair 

z 

y 

z 

x 

x 

y 

Contact point 

a 

b 

c 

d 

Relative sliding direction 

x 

y 

o 

y

k

′

y

k

′

f

F

y∆



� 11 �                              �  ������
������������� !                    �3455� 

 

 

 

 

 

 

 

 

 

� 10  ����
�  

Fig.10  Sliding friction model 
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Fig.11  Calculation model of k

f 
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Fig.12  Plane yoz of local coordinates 
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Fig.13  Series-parallel model of contact pairs 
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Abstract: Based on a numerical model established absolutely with actual material and process parameters, dry friction hysteresis 

characteristics of metal rubber were studied. The numerical model was verified from the four respects: forming force, material 

structure, size and loading-unloading curve. The elastic micro element model and its local coordinates were established. The 

number of contact pairs, sliding contact pairs ratio and status of contact pairs were studied. Results show that contact pairs 

increase in number with the increasing loading and decreases with the increasing unloading, which accounts for nearly 80% of all 

contact pairs. The contact pairs were divided in two kinds: typical contact pairs and untypical pairs, and the typical contact pairs 

were the main components. According to the meso-characteristics of contact pairs, a contact pair mechanical model and a 

mathematic model of metal rubber hysteresis were established. It is found that the mathematic model is accurate and reliable, and 

its parameters have clear physical meaning. The hysteresis of metal rubber can be described well with the mathematic model and 

metal rubber products can be designed with the formulas. 

Key words: metal rubber; numerical model; dry friction; hysteresis characteristics; meso-mechanism 
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