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Fig. 1 Examples of surface with bimodal roughness distribution, 

(a) magnetic tape, (b) Waspaloy’s bimodal precipitation distribution�
����
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2.1 Gaussian rough surface 
� � � � � � � � �	
�����¡ � ¢�£ � � a c b � ¤ � ��	
�����

� . ¥ ��� � ��� T � 89�D� E 9�¤ ����� ¦ �§ 9§ ¨ ©����

��

¦ � § 9ª ©�� � � �� ¦ � § ����� ¦ � « ���� � ¬  $ � % ��� � � � � � � � �

����< ® ¯ �°"89�

 
Fig. 2 Three-dimensional surface of generated Gaussian surface 

2.2 Particulate surface 
uv  ��� �� � � .  N � 8± ' (� 12 � � �

T � 8.  
(1) + ²  uv � st"8. 
(2) uv � q . � Gaussian � # $  � � 8. 
(3) uv & � 	
 ��� ³ i ´  � # 3 .  µ ¶ � u

v � spatial probability distribution � · * T 8. 
 
uv � ¹̧   � 8± � Gaussian � # $  � � 8. 
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g. �  rp(Ic, Jc) � uv � ¸¹ "�  (Ic, Jc) � uv  ?

¾ � N ¿ "8. 
 
2.3 Composite surface 
Fig. 3 � Gaussian 	
 �� N � uv & " ?� �  �

�� z À Á $  ½ Â W / 0  < ® Ã Ä 8. g. �  uv & � 
	
 ��N � AB C 8i  12 T � i    Å  ?� �  ��� 
8± ' (" < ® Æ  5 j8.  
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g. �  zs, zp , zf � Ç Ç  	
 ��, uv  ��, ?� ��

� < ® ¯ 8. Fig. 4 � �� �  ?�  ��� È $  Á � C  °
"8. 

 

 
 Fig. 3 Schematic diagram of a composite surface  
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Contact Analysis for Bimodal Height Distributed Surfaces 
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(a) γ = 0.1                 (b) γ = 0.3 

Fig. 4 Two- and three-dimensional diagrams of generated 
bimodal surface for two different particle densities 

 
3. 
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* W̧ / 0  Ì Í � Î   � � T < � ÏÐ  ��

(equivalent surface)' Ñ Î ��  � / 0  + Ò Ó  Ô 5 j8. 
� | s�� � . �W / 0  Õ Ö � 5$  "� C  × ¥ / 0  3
½ Â   � �� � 56 T � 8[3]. Fig. 5 � Fig. 4 ��� �� 
ÏÐ Í � � 5� 100GPa, Ø Ù Ú Û  0.3 / 0  12 T � i  5
Ü T ? 500kPa T �� �  � ��  Ý '$  Á � C  °"8.  

 

 
Fig. 5 3D contact pressure for bimodal surfaces   
Fig. 6 � of  ¢ σp / σs 1 =  � �W ,   � � Þ

ß � meniscus à � � ¿ � Õ Ö � á â � °"8.  
" ã 1Ô5ä  =  � �W � ã 1T � ¸�,   � � Þ ß 
� meniscus à � å æ � � ç 5 j8. è, uv � ¸¹ " 
é ê � � �    �  � Þ ß" ã 1T .  µ ¶ � ¾ Ç C  �
� O � � � ë Ô 5 j8.  " 3 "T *  ¹ ~  Û Ê W  
ì �  � �W � 1í ¢ O � �� î 2 W X  Õ Ö � ï 5 
j8. uv ð Á  γ� Õ Ö � ��� � ì � uv ð Á $  % � 
��" ì �  �  �W  � ì � meniscus à � � ë T � °
/ 0  f Ù  O � � � J Ô °/ 0  � ñ � 8.  σp / σs � Õ Ö

� ��� � =  � �W  � meniscus à � σp / σs 1 ã 1�

� � �  å æ T �ò  : Õ Ö � � � C  °/ 0  < ® ó 8. 
è uv  ¸¹ � �»  ¼ ½ 1  �  � ô � � ¿ � Õ Ö � 
uv  ¸¹ � Û �� � q � õ � °/ 0  � ñ � 8. 

 

 

 
Fig. 6 Fractional contact area, maximum pressure and relative 

meniscus force as a function of  and σp / σs for bimodal 
surfaces 

 
4. � �� �� �� �   

� | s�� � Gaussian �� � uv  ��� �� � �

?� ¥ � � � T g Y"+ ,  ��� �� � � 8. �� �  
Y"+ ,  ��� �C   � ��  Ý ', ì � uv  ð Á  � 
r � uv  ¹̧ � O � ��� � î 2 W X  Õ Ö � h � ¸
�, !� uv  ð Á  � ö uv 1 y B �  ��� O �  ÷
���  f 8 � J C  °/ 0  < ® ó 8.  
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