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In this paper, novel test rig for quarter car suspension system of Samand with McPherson
mechanism is fabricated and its elasto-damping elements are dynamically identified by
nonlinear model. The inputs of test rig are road roughness and its acceleration and the outputs
are sprung mass acceleration, un-sprung mass acceleration, suspension deflection, and tire
deflection which are recorded by sensors. The test rig of suspension system includes McPherson
mechanism with nonlinear spring and damper. This system is categorized as multi-input-multi-
output (MIMO) identified system. The nonlinear least squares iterative method, as gray-box
identification method, is used for finding the elasto-damping coefficients of tire and suspension
elements. In this method, nonlinear mathematical model is considered for the system and its
parameters are calculated using the test rig data. The Levenberg–Marquardt algorithm (LMA) is
used to solve the non-linear least squares problem. The outputs of the identified nonlinear model
are compared with the measured experimental data. As result, the test rig outputs are followed
by the outputs of the identified model with acceptable errors. The compared results indicate
good performance of the proposed model to estimate the behavior of the nonlinear suspension
elements.

Keywords:
Vehicle suspension system

quarter car test rig
nonlinear model
system identification

  

1 -   
 

   .

  .

 .  



    

                   

13941511  137  

 . 

 .  

 ] 1-4.[  
 

 .
] 4]   [3,1 [

 .

 
 ]5 .[

 . 

 ]  1-4[ 
] 67]  [8 [

   . 

  
 

  

   .  
    

 ]  .9 [

]   .10 [ 
]  .1112 [

 .
 

 . 

] 13 .[
 

 .
  .

  ]14 .[
 

]   .16,15 [ 
  . 

  
   

  . ]17 [2008 

  
 .

  .  
  

]18]   .[19 [
 . 
  .]  20 [

  .
  

 
  .

 
) 

 .
  

  . 
  . 

   . 
 

  

  .
 

    

2 -    
 

 
 . 

  
 . 

 .1 
  

3  
 .

 
  

 . 
 .3 

   
  

   



    

                   

  

138  13941511  

  
1   

 -

5/0 5/1 9   .
  2  3  

  .
5/1 

5/0  . 
5/0 

  5/1 
 . 

   

   

3 -   

    .
  .

 
    

  

  
2    

  
3   

 .
)   (

 ) 
 (  .  

    
 
  .   

   . 
 

 .  
 .

   .
  .  

   
 

] 2 .[
  .4 
 ) 1)  (2 (   

= ( ) + ( ) + ( )
)1(+ +

= ( ) ( ) ( )

)2(+ ( )
+

  ms mu Zu-Zs 
Zr-Zu  Kt Ct 

 Ks1,s2,s3 Cs1,s2 
      

      .
) 1)  (2(

  
  

 . 
)Ks1,s2,s3   Cs1,s2)  (Kt Ct( 

 .  
  



    

                   

13941511  139  

  

4   

4 

   

4 -   
 

    .
   

 .
  

 
 )  ( ) (   

12 3 
1 2 

 1   )  3 (
   

)3(= [ ]
KtCtKs1,s2,s3 Cs1,s2  ) 1 (2 (

   
    

   
)    (

  . 
   ) 4(    

)4
(

= ( ) ( ) ( ) ( ) ( ( ) ( ))
[ ( ) ( ) ( ( ) ( )) ( ( ) ( ))]

   - 2   .
   

   .
 ) 5(

  
)5(= ( + )

 I   . 

  

1- Iteration
2- Levenberg-Marquardt

 .J 
N )   (P ) 

 ( )6(    

)6(  

=

…

, =

)  7 (
 4 

   

)7(
= min

1
2 = min

1
2 ( , )

 .
 

  .
 0025/0  .

0025/0 
   .

 ) 1 (
   .

 100 
 10 100 

   .

) 1)  (2 (3 
4   

5600   15 
 2   . 

 

  . 1 
    .

2 
 . 

 .

 

5 -   
3 

 . 
 .

  . 
 5 8 

 . 5 6   
  



    

                   

  

140  13941511  

1    
 )   

    250  

  
1/46  

2 )    
    

  Kt  (N/m) 150000  
  Ct  (N.s/m)1000  

  
Ks1(N/m) 10000  
Ks2(N/m2) 100000-  
Ks3  (N/m3) 1000000  

  
Cs1  (N.s/m)1000  
Cs2(N.s/m2) 100  

 .  
5 6 

 .
5 8 2 

 . 

 .7 
 .  

 .8 
  

  .
  05/1 

 .
  9 12   

 
 4 5  .

 .   

3 ) (  
)     

  Kt(N/m) 99592  
  Ct(N.s/m)759  

  
Ks1(N/m) 24369  
Ks2(N/m2) 132058  
Ks3(N/m3) 26537273  

  
Cs1(N.s/m) 2817  
Cs2(N.s/m2) 10-  

  

  

5    

  
6    

  
7    

9 
10  .11  
 

 .12  
  



    

                   

13941511  141  

13 

 .  
    

  
8    

  
9    

  
10    

  
11    

  
12      

4  
   

)  
    

RMSNRMS  RMSNRMS

 
2/1

73/0  
3343/0%36/82193/0%31/7

   05/1  3282/0%21/82493/0%97/9  

5 
   

)   
    

RMSNRMS  RMSNRMS

 2/173/0  0068/0%67/220012/0%60/9
   05/1  0056/0%00/140011/0%16/9

6 -  

 .
  

  



    

                   

  

142  13941511  

  
13 )   

 .
9  

  .
  . 

  
 

 .

10  .
 

    
  

  .
 

 .
 

  .
 

   

7 -   
[1] A. Malekshahi, M. Mirzaei, Designing non-linear tracking controller for

vehicle active suspension systems using an optimization process,
International Journal of Automotive Technology Vol. 13, pp. 263-271,
2012.

[2] C. Kim, P. Ro, sliding mode controller for vehicle active suspension
systems with non-linearities, Proceedings of the Institution of Mechanical
Engineers, Part D:Journal of Automobile Engineering, Vol. 212, pp. 79-92,
1998.

[3] A. Motavali Khiavi, M. Mirzaei, S. Hajimohammadi, new optimal control
law for the semi-active suspension system considering the nonlinear
magneto-rheological damper model, Journal of Vibration and Control Vol.
20(14), pp. 2221-2233, 2014.

[4] T. Van der Sande, B. Gysen, I. Besselink, J. Paulides, E. Lomonova, H.
Nijmeijer, Robust control of an electromagnetic active suspension
system: Simulations and measurements, Mechatronics, Vol. 23, pp. 204-
212, 2013.

[5] M. Salmani Arani, M. Mirzaei, S. Aghasizade, B. Abdi, ANFIS Identification
of McPherson suspension system of vehicle, in 14th iranian conference
on fuzzy systems Tabriz, Iran, 2014. (In Persian)

[6] A. Malekshahi, M. Mirzaei, S. Aghasizade, Non-Linear Predictive Control
of Multi-Input Multi-Output Vehicle Suspension System, Journal of Low
Frequency Noise, Vibration and Active Control, Vol. 34, pp. 87-106, 2015.

[7] K. Li, M. Nagai, Control and evaluation of active suspension for MDOF
vehicle model, JSAE review, Vol. 20, pp. 343-348, 1999.

[8] S. Aghasizade Shaarbaf Intelligent multi layer control of semi-active
suspension with MR fluid, for the improvement of overall ride and road
holding aspects, MSc Thesis, Department of Vehicle Engineering, Iran
University of Science and Technology, Tehran, 2010 (In Persian)

[9] Y. Taskin, N. Yagiz, I. Yuksek, Lumped parameter identification of
quarter car test rig, in International Conference on Mathematical
Modelling in Physical Sciences Budapest, Hungary Vol. 410, 2013.

[10] Z. Zulfatman Identification of test rig for quarter car active suspension
systems MSc Thesis, Department of Electrical Engineering, Universiti
Teknologi Malaysia, Malaysia, 2008.

[11] C. Sandu, E. R. Andersen, S. Southward, Multibody dynamics modelling
and system identification of quarter-car test rig with McPherson strut
suspension, Vehicle System Dynamics, Vol. 49, pp. 153-179, 2011.

[12] E. R. Andersen, Multibody dynamics modeling and system identification
for quarter-car test rig with McPherson strut suspension MSc Thesis,
Department of Mechanical Engineering, Virginia Polytechnic Institute
and State University, United States, 2007.

[13] G. Koch, E. Pellegrini, S. Spirk, B. Lohmann, Design and modeling of
quarter-vehicle test rig for active suspension control Institute of
Automatic Control Germany, Vol. TRAC-5, 2010.

[14] C. Kim, P. Ro, Reduced-order modelling and parameter estimation for
quarter-car suspension system, Proceedings of the Institution of
Mechanical Engineers, Part D: Journal of Automobile Engineering Vol. 214,
pp. 851-864, 2000.

[15] K. Chen, D. G. Beale, Base dynamic parameter estimation of
MacPherson suspension mechanism, Vehicle System Dynamics, Vol. 39,
pp. 227-244, 2003.

[16] J. Hurel, A. Mandow, A. García-Cerezo, Nonlinear two-dimensional
modeling of McPherson suspension for kinematics and dynamics
simulation, in Advanced Motion Control (AMC), Bosnia and Herzegovina,
pp. 1-6, 2012.

[17] M. Fallah, R. Bhat, W. Xie, New nonlinear model of macpherson
suspension system for ride control applications, in 2008 American
Control Conference, Washington, USA, pp. 3921-3926, 2008.

[18] D. Hanafi, M. Rahmat, System identification of hammerstein model
quarter car passive suspension systems using Multilayer Perceptron
Neural Networks (MPNN), Jurnal Teknologi Vol. 43, pp. 95-109, 2005.

[19] A. Shehata, H. Metered, W. A. Oraby, Vibration Control of Active Vehicle
Suspension System Using Fuzzy Logic Controller Vibration Engineering
and Technology of Machinery Vol. 23, pp. 389-399, 2015.

[20] M. F. Ismail, Y. M. Sam, S. Sudin, K. Peng, M. K. Aripin, Modelling and
Control of MacPherson Active Suspension System Using Composite
Nonlinear Feedback under Chassis Twisted Road Condition, AsiaSim
2014 Vol. 724, pp. 310-321, 2014.


