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Abstract  
In this paper, at fist two-degree-of-freedom quarter-vehicle model and four-degree-of-freedom half-vehicle model of two vehicles 
with passive suspension systems and linear characteristics are developed. Then responses of these models to a road unevenness 
which is modeled as an impulse function with 100 mm amplitude, are investigated. For analyzing the dynamic behavior of vehicle, 
State Space Method in Matlab/Workspace, Matlab/Simulink and Finite Element Method were developed. For validation, the results 
are compared to previous works with the same data. The simulation results of these two models are compared with results of a full-
vehicle model in another article. Finally, the effect of the suspension parameters on the maximum displacement and acceleration of 
body is investigated. Obtained diagrams show that while crossing a vehicle over an impulse  and 100 mm amplitude road 
unevenness, softer springs always improve ride quality and Stronger dampers, reduce ride quality but make requirement of having 
more space between body and tires.  
Keywords: Ride Quality, Dynamic Behavior, Mathematical Model, Passive Suspension System, Impulse Function.  
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 ����8φ� �� .�,�6  

  

  
 )
	2-  /-<�I ���- ���; �5 (�-67 89� ,��  

  

)12( 
m�y�� � c�	�y
 � � y
 � � b�φ�
 � � k�	�y� � y� �b�φ�� � k+�	y� � u�� 
 0  

)13( 
m�y� � � c�	�y
 � � y
 � � b�φ�
 � � k�	�y� � y� �b�φ�� � k+�	y� � u�� 
 0  

)14( 
m�y� � � c�	�y
 � � y
 � � b�φ�
 � � c�	�y
 � � y
 � �b�φ�
 � � k�	y� � y� � b�φ�� � k�	�y� � y� � b�φ��  

)15( I�y� � � c�b�	�y
� � y
 � � b�φ�
 � � c�b�	�y
 � � y
 � �b�φ�
 � � k�b�	y� � y� � b�φ�� � k�b�	�y� � y� �



  

 

 

V
�<Q

�
 � 

��
�,

3
+�

2
 

��

 

�
 

�
��

��
���

 
9�

�
 

-
�

H�
�D

E
 ...

 

232 

b�φ�� 
 0  
 |�  @U��.� ��y
  �y�  �φ
 �  �3��LY Z�
, �3��LY 
Y	2

����+ 
Y	2 ����+ Z�
, � 3� �� 3�  3�B	
����� .��,�6b�  �b�  �</� 

�� 5�1� ����8 H	C O�	� +� �� a>Y � �<C ;�<.�  .��B���>��	 
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���, +� I� `T6 ?�� �� -� 9�� @U��.� 3+�2  �� �6 ����8 H��DE

����	6 5�6+ �� 3��+� �C��  �����MATLAB  ����Q� 5�L�� (�� �

 �� 5� @�GT1� �� wT1� ����8 -� 3�	6 ����+ !2�� 3�B����L�

 9��C1 �<� 3���LB�� +� ���Y ?�\ 
2� ��, �����  �6 3� �����1/0 

�6 	
� �� 
2�  Z�
, � ���46�C 3�B����L� +� ���R
2� �6 IJ2 .���

 V�, �� (���6) ��, 3��6	�  H	C5  �6 ���, +� V/�\ S��
�  3+�2

] ���>� S��
� �6 ����8 �������� � �A���10�� ����>� [ .��,  

  

 ,(��1- �+ ,�� M�9NO� (�-67 :���;  

 

3 -2-  ���- ���; �5 (�-67 89� ,�� /-<�I  

� ���? ���, S��
� 
Q/ `T6  FG� 9�� 3+�2 �6 ����8

����	6 5�6+ +� ���R
2�  �����MATLAB  �2�	6 ���Q� 5�L�� (�� �

��  .��,�6 ��? �	��a  Z�
, ����46�C 3�B����L� +� ���R
2� �6 ��

����+ Z�
, � 3��LY V�, �� 3�  3�B7  ��12  9�� -� ����+ !2��

 ����8 FG��6  9��C �� ��,	�} @�GT1�2 �6 
���  3���LB��

�<�  �6 3� �����1/0 ] ���>� S��
� �611�� ����>� [ .��, 

(�� 9�	0
�� M�	3 ��n���� 	6 ��? y	  ��6 ��, 
2� �� Z�
, 

�6 @��/ 78� 6�? �� �jQ� +� 5��+ t���	 �� ��� .�� 9�2 1959 

��n���� �	63 V\ Vk��� ������- �+�2 �3 
Q� ��)M��63 �6	A �3 � 

,�.����� �Y�L4� �3 +� (�� �B3 9�	0
�� M�	3 -� �<\	� �3 �� �k��� 

�	� .5����� (�� ��n���� �	63 �����O �������� �6���3 +� �+�2 �B3 

2��D�� <LY� �6 ��� �
 	M ��, 
2� .��_.6 ��? (�� P2�� 

�6���3 +� ��	0 �5�>>Q� ^_/� � ���D6 ��
 � 
2�.  

  

  

  

  

���>� @�Q�A�� 	
����� 

135000 	��� �
T2 k1 (Nm-1) 

1400 	��� ���	�� a�	A c1 (Nsm-1) 

8/49 ��1� 3��6	�  H	C m1(kg) 

1000 ;�<.� �
T2 k2 (Nm-1) 

1000 	��� ���	�� a�	A c2 (Nsm-1) 

5/466 ��, 3��6	�  H	C m2 (kg) 



 

233  

 
   

�
R7

G
�

 
3

�U
� 

 
���

��
 

�
<Y

 
�

D<
���

�Y
 

	  � 
��

�D
6

 
H�

4
��	

2
 

233 

 ,(��2- (�-67 89� ,�� M�9NO�  
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��2 ���	�� 
6�W

;�<.�  �<C 
c1(Nsm-1) 
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��2 ���	�� 
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05/3443 
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����8 �A	Y ��Q� 
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6�W	� �
  =
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3�	6 O����� @�,�.��� 9�� ����8 ?�\ ���Y +� 3���LB�� ���6 

���.� H�M 3�B ����+ 9�	0
�� 3	�M ���+ � �+�6 5� �B -E�� 

)001/0����W (�,�6 � ?�� (�� P��	, |�  �� ~�A�� �� ���� ?��	6��6 

+� (�� n������ ]12 [�� 5�L�� ���Q� 3�	6 V�<Q� �������� 9�� 

-� H��DE � FG� ����8 ���R
2� ��, 
2� .�� ?�� 9�� 3+�2 �OC� 

=
��2 �6 @��/ a</ ���, 3+�2 ��, ��� .3�	6 9�� 3+�2 3���LB�� 

z72 ���C +� -� =�C a</ �� �6 @��/ �.6�� �<� 3� �6 ����� 1/0 

	
� �� 
DC 3��LY �46�C �� ���, ���R
2� ��, 
2� .�� ?�� 9�� 

����8 �6 
Y	2 60 	
��<�� �� 
Y�2 
�	\ �� ��� ?��	6��6  �6

 �C���6 9�s ����8 )3 	
� (b	E a>Y �6 18/0 ����W �_
8� ���+� 


��� �6 b	E �<C f�	, �6 5�2�� �� ���.  

  
)
	 3-  P5�* �<6�C��/ �-�� ��� </ <15/ Q1; 6�� R�K15 ����.  

  
)
	 4-  P5�* �<6�C��/ �-�� ��� </ <15/ Q1; RG@ R�K15 ����.  

  

4 -  S+����C�<-6�� ( 

4-1 - J"$ ���� ���+S  

�� ���>� 	A�\ � 3�	6 �2�	6 ��
 � �������� ����8 ?�\ ���Y 

+� -� 3���LB�� ���C �6 @��/ d6�� �<� 3� �6 ����� 1/0 �	
� ����8 

�6 @��/ 9�� -� H��DE �6 �� �C�� 3��+� � 9�� FG� ����8 �6 

��DE �C�� 3��+�  	j� ���
 	M ��, 
2�. -������ V��� ?�� 

����8 P2�� P6��� �<�<Q� =��\ 	6 5� �6 
2� ���� 
2� .�6 V\ 

@U��.� V����	R�� =��\ 	6 ?�� =
��2 �B �6 ���R
2� +� (�� 3�c  


��\ � (�� ���� ���� ]13 [� ?��oLB 9�� 3+�2 �� (�� 5�L�� 

����Q� !2�� �������� � �,�.��� =
��2 a�\	6 5��+ �6 @��/ 

3�B����L� ���46�C �3��LY Z�
, 3��LY � Z�
, ����+ 3� 3�OC� 

F<
T� =
��2 �6 
2� ���� 
2� .  

3�B����� V�N 3�	6 �2�	6 ��
 � ����8 +� -� 9�� ����8 � 

3�	6 
Q/ �4�2 S��
� +� -� 	� H ��O � 9�� 3+�2 ���R
2� ��, 
2� 

��� �� ?�� ���>� +� ��	B 9�� -� H��DE � FG� ����8 ���R
2� ��, � 

3�	6 �2�	6 ;�N� S��
� +� 5�6+ ����	6 ����� MATLAB � (�� 

5�L�� ���Q� ���R
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	6-  :1� /-6�@ U��	2 �+ ,�� (�-67 :���; 
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��S �>����  9���- H��DE �k��� @�GT1� �6 ����8  ��,

 �� 9��C1 �6 �
��S ���>�  ]10 �� [ V�,5  V�, �6 5�1� 

 .
2� ��, ����  

�46�C�� � ��6	�  H	C Z�
,3  �6 ����8 FG� 9�� �� ��,

���� 5�1� @�GT1� �� ��,  9��C2 �
� �6�S ���>�  ]11�>� [��� 

�
� � ��,�S  �� 5� V�,7 ��  V�,10 5�1� ���� ��, 
2� .  

�6 �2�	6 ?�� S��
� �6 �	0���� ��B�1� �� ��, �� S��
� ����6 

-��O� �� ��,�6 � ?�� 	�� 	0���6 
N� � 
Q/ 9�� 3�B �6  �
 ������ 

?�� ���>� �� �,�6.  
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	7-  :1� /-6�@ �+��5��1 (�-67 89� ,��  
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	8-  :1� /-6�@ �+��5��2 (�-67 89� ,��  
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�	63 2�	6� 
N� �
��S 9�� �- H��DE � 9�� FG� ����8 �6 


��\ .N���� �
��S ��? �� 9�� �6 �
��S 9�� ����8 V��� +� �- 

���>� ]14 [�>���� ��, 
2�.  

 V�,11  V�, �12 �>���� 9�� �B3 �- H��DE � FG� ����8 

�� �6 9�� V��� 5�1� �� �B� .��? �B����L� 5�1� �� ��B�  9�� ��

�0��3 �B����L�3 �46�C�� ��6	�  H	C Z�
, �3 �	6 ��,3 9�� �B3 

�- �H��DE  ����8 V��� 9�� � FG��5��� �� �,�6 �	6��6�? � +��? 

9�� � �B� 5��� �	63 ��� @�.��7��� � �����O ��0���=
 �B3 �	
��� �	D6 

�	6 ��� �	63 �����O N��; ��
 � 2�=
� <.��; ����8 �6�� 9�� �2���� 

Z�T
�� ��	M .2�	6� ��? V�, � 5�1� �B� �B� � 
��\ �� ����� 

 9�� �6 
��� ����8 FG� 9���- H��DE 6 ;6�7� +� ����8� ̀	�3 
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2� �����8	6 ����8 V��� 9�� �6  
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	12- ,�� �- ��	 /��51�. :1� /-6�@ U��	 �+ /�C  
:���;

89� (�-67 )��D ,�� (  

  

9�� -� H��DE S��
� �6�<7� �� �k��� �L� ��� �	�+ ?�� 9�� 

P��	, ���C �� �D�� 	6 -� b	E 9�LY� �� ��� ?��	6��6 �L� ����� 	�WX� 

P��	, ���C �� 	6 H�L� b	E 3�B ����8 5�1� �B� .����+ �� b	E 3�B 

�<C 3�� 3���LB�� �� ��� b	E 3�B a>Y 3�� ?��+ �� ��,�6 �� 

?�� 	�� aC�� `B�� ����� ���46�C � Z�
, ���6 �� ��, .IJ2 

����+ �� b	E a>Y 3�� 3���LB�� �� ��� b	E 3�B �<C 3�� ?��+ 


2� � aC�� `B�� ���>� ����� �� ���, .��� �� 9�� -� �H��DE 

P��	, ���C �� �L� 5��� �� -� b	E a��	� �	�.  

  

5- ��15� WX*�1  �C1��<���/ ��4�� �0*�3 15 

��5���+ -6�@/
 U��	 -6�@/ ( U��	 

(<�+� </ (�-67  
�� �2�	6 �
\�� 	R2 �����8 	[���\ ���46�C � Z�
, 3��LY 

���6 +� 
�LB� 3���+ �����8	6 
2� .�� ?�� `T6 	�WX�  3�B	
����� 

=
��2 ;�<.� 	6 ���46�C �3��LY Z�
, 3��LY � Z�
, ����+ 3� 

����8 
��� �6 3���� 3���LB�� ���C �<� 3� )V�, 3 � V�, 4 (

�2�	6 �� ��, .  

 V�, ��13  V�, �14 WX��	 
T2� 2 	� �=
� <.��;  	6

 	[���\�46�C�� ��6	�  H	C Z�
, �3  �� (���6) ��, V�,15  �

 V�,16 WX��	 ���	�� 2�=
� <.��; 	6 	[���\ �46�C�� � Z�
, 

H	C ��6	� 3 .
2� ��, ���� 5�1� (���6) ��,  

 V�,13 � 5�1�� �B� �� �6 �O ��` 
T2� 	�  2�=
� <.���; 

	[���\ �46�C�� ��LY3 ��6	�  H	C3 ��, ��O �O ��` �� ��6�� .�? 

�O ��` �6 ��
6� �� �O � @��/���� �6 IJ2 �  @��/� ���B��� �,�6.  
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	13-  �- ��	 /��51�. :1� /-6�@ �+��5�� �<�G� Y+1�O�5

,��  (�-67 89�  
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	14 - ,�� �- ��	 /��51�. :1� /-6�@ U��	 �<�G� Y+1�O�5  

89� (�-67  
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	15-  �- ��	 /��51�. :1� /-6�@ �+��5�� �<�G� Y+1�O�5

,��  (�-67 89�  

  

�6 �O ��` 
T2�  ;�s 	�  V�,14 ��LY Z�
, 	[���\3  H	C

��6	� 3 ��, 	>��e�� �6 @��/ 78� �O ��` �� ��6�.  

��  V�,15 �O � �6�` 	A�a ���	�� <.���; �46�C 	[���\�� 

��LY3 ��6	�  H	C3 ��, �6 @��/ ���B�� `B�� �� ��6�.  

 ��2� 	6 V�,16 ��LY Z�
, 	[���\3 ��6	�  H	C3 ��, �6 

	A�a ���	�� �76�� >
���= � 	>��e�� 78� ����.  
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	16 - ,�� �- ��	 /��51�. :1� /-6�@ U��	 �<�G� Y+1�O�5  

(�-67 89�  

  

6 - ����� /1�Z  

�� ?�� ���>� ���, 3+�2 � O����� 9�� -� H��DE ����8 �6 �� 

�C�� 3��+� � FG� ����8 �6 ��DE �C�� 3��+� �k��� ��, 
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?�� ���>� 5�1� �� �B� �� 9�� 3�0�� 3�B����L� ���46�C � 

Z�
, H	C 3��6	�  ��1� 3�	6 9�� 3�B -� �H��DE FG� � 9�� 

V��� ����8 5���� �� �,�6 ?��	6��6 +� ?�� 9�� �B �� 5��� 3�	6 

@�.��7� ����� � O����� =
���0�� 3�B ��	
�� �	D6 �	6 ��� 3�	6 O����� 

;�N� ��
 � =
��2 ;�<.� ����8 ���6 9�� ��2��� Z�T
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N� �6�8 �����8	6 
2� .3�B����L� �k���  ��,5�1� �� �B� �� 

9�� 3�B �6 3�B	
����� )@�C�� 3��+� (�	
1�6 S��
� ;�N� 3	� �k��� 

�� ���� ��� 9�� ���B �6 @�C�� 3��+� 	
1�6 HO<
�� ���� �B � 5��+ 

V\ 3	
1�6 �� �,�6. 3�B����L� �6  ���� 
2�5�1� �� ��B� �� 

H�0�B ���Y ����8 +� 3�� 3���LB�� �<� 3� �6 
Y	2 60 	
��<�� �� 

�
Y�2 ����LB 3��6	�  H	� 	� )`B�� 
6�W 
�	� (� �
\�� 
�	\ �� 

^_/� �� ��� )`B�� Z�
, 3��LY ���6 (� �6 3�N 	� 5�, ���	�� 

)`��O � 
6�W ���	��(� �
\�� 
�	\ �� V6�>� 5�2�� `B�� �� �6�� 

)`��O � Z�
, 3��LY ���6(  3�c  �6 ����8 3���+��� aC�� ���

�� b	E � ���6 5��� 	
1�6  ���6 3��LY ���46�C `��O �) ��,

(b	E �6 
���.  
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7 - J�6��  
  

  

  

A 


��
��
��
��
���
��
��
��
��
���
��
 0 1 0 0 0 0 0 0
�5�� � 5��6�

�7�6� 0 0 5��6�
7�6�

�5��8�6�
�7�8�6�

0 0 0 1 0 0 0 0
0 0 �5�� � 5��6�

�7�6�
5��6�

7�6�
5��8�6�

7�8�6�
0 0 0 0 0 1 0 0

5��6�
7�6�

5��6�
7�6�

�5�� � 5��6�
�7� � 7�6�

�5��8� � 5��8�6�
�7�8� � 7�8�6�

0 0 0 0 0 0 0 1
�5��8�9 �7�8�9 5��8�9 7�8�9 �5��8� � 5��8�9 7�8� � 7�8�9 �5��8�� � 5��8��9 �7�8�� � 7�8��9 "#

##
##
##
###
##
##
##
##
###
##
$

  

  

8- �C-��� : 9�� -� 
��\ 3�c  I�	��� H��DE ; 3���� I�	��� ' �C�	8 I�	��� ( =�>
�� 9�>
�� I�	��� < =
��2 3���� X 
��\ ���	6 = �C�	8 ���	6 71  b	E ���	�� 
6�WNsm-1)( 72  ;�<.� =
��2 ���	�� 
6�WNsm-1)( 51  b	E 
�	�  
6�WNm-1)( 52    ;�<.� =
��2  
�	�  
6�WNm-1) ( 61 3��6	�  H	C (b	E) ��1� (kg)     62 3��6	�  H	C (���6) ��, (kg)     ?1 3��6	�  H	C ���46�C  (b	E) ��1�(m) ?2 3��6	�  H	C ���46�C  (���6) ��,(m) ℎ	A�  5��+ a�\	6 ���C z72 3���LB��(s) 

9�� FG� ����8  81  ����8 H	C O�	� �� �<C b	E 3��Q� �</� (m) 82  ����8 H	C O�	� �� a>Y b	E 3��Q� �</� (m) '1 ;�<.� =
��2 ���	�� 
6�W   �<CNsm-1)( '2  a>Y ;�<.� =
��2 ���	�� 
6�WNsm-1)( 93  ����8 �A	Y ��Q� 9�\ ���6 �2	��� 5�L�(kgm2) 

C1 ;�<.� =
��2 
�	�  
6�W  �<CNm-1)( C2  a>Y ;�<.� =
��2 
�	�  
6�WNm-1)( CA1  �<C b	E 
�	�  
6�WNm-1)( CA2 b	E 
�	�  
6�W   a>YNm-1)( 61 3��6	�  H	C  (�<C b	E) �<C ��1�(kg)  62 3��6	�  H	C a>Y ��1� (a>Y �<C b	E) (kg)   63 3��6	�  H	C (���6) a>Y ��,  (kg) 

D1	A�  5��+ a�\	6 �<C b	E VQ� �� ���C z72 3���LB��
(s)  D2	A�  5��+ a�\	6 a>Y b	E VQ� �� ���C z72 3���LB��
(s) E1 3��6	�  H	C ���46�C  �<C (b	E) ��1�(m) E2 3��6	�  H	C ���46�C  a>Y (b	E) ��1�(m) E3 3��6	�  H	C ���46�C  (���6) ��,(m) 

����6+ 4[\@ F3 ����+ ���46�C  �A	Y ��Q� 9�\ ���6 3�(rad)  
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