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Abstract. The road handling, load carrying and passenger comfort are three intension factors on car 

suspension’s system. They should be compromised to achieve the good the car suspension dynamics. 

To fulfill the requirement, the car suspension system must be controlled and analyzed. To design and 

analyze the suspension controller, the realistic dynamics model of car suspension is needed. In this 

paper, the car suspension is assumed as a quarter car and has a model structure as a neural network 

structure. The model is assumed consist of nonlinear properties that are contributed by spring 

stiffness and damping elements of suspension system. The tire is assumed has linear properties and 

represented by spring stiffness element and damping element. The model responses are generated in 

simulation term. The random type of artificial road surface signal as an input variable is used in this 

simulation. The results show that the trend of neuro model have the same with the response of a 

quarter car nonlinear model from dynamic derivation. It means that the developed neuro model 

structure capable to represent the nonlinear model of a quarter car passive suspension system 

dynamics. 

Introduction 

The system mathematical model is a part of descriptive and functional model category and usually 

used in control engineering [1]. Nowadays, one of the great interests in the vehicle research field is 

improving the car ride quality and handling performance. These factors among other are determined 

by the car suspension system. The role of the suspension system which connect the axles to the car 

body is to reduce as much vibrations and shocks occurring in the operation. This causes the necessity 

to use a good suspension for a better ride comfort and handling performance. 

These two performance aspects can be improved with a comprehensive design and analyze the car 

suspension system controller [2,3,4]. The suspension controller designs and analysis were done based 

on the suspension mathematical model. The model must capture realistic dynamic behaviors of the 

car passive suspension system, a high fidelity and maximally informative. 

Suspension systems are classified in the well-known terms of passive, semi-active, active and 

various in between systems. Typical features are the required energy and the characteristic frequency 

of the actuator [5]. Passive system is the most common, it employing some type of springs in 

combination with hydraulic or pneumatic shock absorbers [3]. Passive suspension system has a wide 

range of designs currently available. It can only store and dissipate energy in a pre-determined 

manner. It will always be a compromise between passenger ride comfort, handling, and suspension 

stroke over the operating range [3,4,6]. 

Nowadays, the current trend using four independent suspensions on a single car, a quarter car 

systems offer a quite reasonable representation of the actual suspension system [6]. Therefore, in 

most case a quarter car model is used for the ride analysis and suspension controller design [7,8]. 
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In this paper, a quarter car is assumed has model which is represented with sprung mass supported 

by a spring and a damper elements of suspension. The tire dynamic is described using unsprung mass 

supported by a spring and a damper element of tire [3,9,10]. 

Since Neural networks offer a number of advantages, including ability to implicitly detect 

complex nonlinear relationships between dependent and independent variables, ability to detect all 

possible interactions between predictor variables, and the availability of multiple training algorithms 

[11,12]. Therefore, here it applied to be the model structure for a quarter car passive suspension 

system and named it a neuro model of a quarter car passive suspension system. 

Neuro Model Approach 

In this research a quarter car passive suspension system is assumed as in Fig. 1. The sprung mass 

supported by a spring and a damper element of suspension. The tire dynamic is represented using 

unsprung mass supported by a spring and a damper element of tire. 

 

Figure 1. A quarter Car Model 

where: Ms is sprung mass, Mus is unsprung mass, Ks is suspension spring coefficient, Cs is 

suspension damping coefficient, Kus is tire spring coefficient, Cus is tire damping coefficient, Zs is 

sprung mass vertical displacement, Zus is unsprung mass vertical displacement and Zo is road surface 

elevation. 

Tire Model 

The point contact tire model is applied. This type of tire model is suitable for car with little tires forces 

transmit and uniform composition. A point contact tire model consists of spring stiffness and 

damping element as shown in Fig. 2. The dynamic system of tire is assumed linear and represented by 

Eq. (1). 

Figure 2. Point contact tire model 

                                                          (1) 
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Nonlinear Dynamic of Passive Suspension System 

For a nonlinear spring, the stiffness can be broken up in to two parts as shown in the following figure. 

Figure 3. Nonlinear spring coefficients 

The nonlinear spring stiffness coefficients are formulated as Eq. (2). 

                                                                  (2) 

where: = linear part, = nonlinear part and function of x, and x = suspension displacement. 

The equation of nonlinear dynamic of spring is written down as the following: 

                                            (3) 

Fig. 4 represents the nonlinear damping characteristics. It consists of linear part and nonlinear part 

as the following: 

                                                                        (4) 

where: = linear part, = nonlinear part function of velocity, and x = suspension displacement. 

Figure 4. Nonlinear damping coefficients 

The equation of nonlinear force of damper dynamic is shown as Eq. (5). 

                       (5) 

Applying Newton’s second Law, a quarter linear models are as Eq. (6) and (7). 

                                      (6) 

                      (7) 

Assumed  and  are nonlinear with formula as below: 

                                                              (8) 

                                                                 (9) 

The nonlinear models of a quarter car passive suspension system are derived by substituting Eq. 

(8) and (9) to Eq. (6) and (7). 

 	    (10) 

	              

																				                                         (11) 

If assumed that the suspension deflection is 

                                                             (12) 

Where  and  are given by Eq. (13) and (14). 

	  

	  

Applied Mechanics and Materials Vol. 775 105



 

 

                             (13) 

	 																				
 

	 	 
																				  

 

																											                                              (14) 

Simulink block diagram of a quarter car passive suspension model based on Eq. (12), (13) and (14) 

is shown by Fig. 5. 

 

Figure 5. A quarter car Simulink block diagram 

If assumed 	is a nonlinear function with the following formula: 

                                                      (15) 

and 

                                            (16) 

           (17) 

                                                 (18) 

Then neuro model for sprung mass position, unsprung mass position and suspension deflection of 

a quarter car passive suspension system are as Eq. (19), (20) and (21) respectively. 

                                                          (19) 

                                                          (20) 

                                                            (21) 

The network related with the previous model is represented by Fig. 6. 
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Figure 6. A quarter car neuro model 

Applying backpropagation algorithm this neuro model is trained in order able to follow a quarter 

car passive suspension dynamics. The weight increment and updating are done as the following: 

∆                                                               (22) 

1 Δ , or                                               (23) 

1                                               (24) 

Consider a three layers network, let the input layer by layer one	 1 , the hidden layer by layer 

two 2  and the output layer by layer three 3 . The backpropagation commences with three 

layers can determine using Eq. (25). 

1 ∑                                  (25) 

Simulation Results 

The two block model as in Fig. 5 and 6 previous are simulated and the car data for simulation is 

elaborated in Table 1 [13]. 

Table 1. Car parameters for simulation 

Sprung mass  216.75 (kg) 

Unsprung mass  28.85 (kg) 

Tire spring coefficient  184,000 (N/m) 

Tire damping coefficient  5,000 (N/m) 

Suspension linear damping coefficient  538 (N/m) 

Suspension nonlinear damping coefficient  1,828 (N/m) 

Suspension linear spring coefficient  21,700 (N/m) 

Suspension linear spring coefficient  73,730 (N/m) 
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Based on the parameters in previous table the Simulink block of the nonlinear model of a quarter 

car passive suspension model is developed as Fig. 5 and simulated. The random signal is applied to be 

the input and the suspension deflection signal as the output variable are described in Fig. 7. 

 

Figure 7. Suspension deflection response to random road surface input 

While the sprung mas and unsprung mass response for this input as in Fig. 8. 

 

Figure 8. Sprung mass and unsprung mass response to random road surface input 

Using this data, the neuro model of a quarter car as in Fig. 7 is trained and the response for the 

suspension deflection and sprung mass and unsprung mass are represented by Fig. 9 and 10 

respectively. 

 

Figure 9. Neuro model suspension deflection response to random road surface 

 

Figure 10. Neuro model sprung mass and unsprung mass response to random road surface input 
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Conclusion 

The simulation results show that the neuro model of a quarter car passive suspension system 

responses have trend similar with the responses of nonlinear a quarter car passive suspension model. 

It means that the neuro model structure can adopt the properties of the suspension dynamics. While 

the amplitude of the neuro model responses less than the nonlinear model responses. Then, the neuro 

model develop can use as a candidate model of a quarter car passive suspension system in system 

identification using real data. 
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