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In this paper, a new approach has been presented for dynamic control of active suspension vehicle 
system subject to the road disturbances. The active suspension system (ASS) which has been considered 
in this paper is operated by a hydraulic actuator. The input of this hydraulic actuator is a servo valve. In 
other words, both mechanical equation of system (related to hydraulic actuator) and its electrical 
equation (related to servo valve) are considered. Therefore, the equations are complicated and only the 
input current of servo valve is accessible as the input control signal. The proposed approach is based on 
dynamic sliding mode control (DSMC).In DSMC chattering is removed due to the integrator which is 
placed before the input control signal of the plant. However, in DSMC the augmented system (the 
system plus the integrator) is one dimension bigger than the actual system and then, control of the plant 
is more complicated. But, its advantage is that the input control signal is obtained from a dynamic 
system or a low pass filter, while the robust performance (invariance property) of the system is reserved 
even in the presence of disturbance. Another advantage of proposed approach is that the desired output 
force of the hydraulic actuator is obtained by the controller. 
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1- Active Suspension System (ASS) 
2- Soft 
3- Stiff 
4- Passive Suspension System (PSS) 
5- Spring and Damper 
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6- Road Terrain 
7- Dynamic Sliding Mode Control (DSMC) 
8- Sliding Mode Control (SMC) 
9- Invariance Property
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1- Robustness 
2- Robust Performance 
3- Sliding Phase 
4- Chattering 
5- Boundary Layer 
6- Adaptive Boundary Layer 
7- Higher Order Sliding Mode Control (HOSMC) 
8- Relative Degree 
9- Takagi–Sugeno 
10- Asymptotically 
11- Sign Function 
12- Quarter-Car Model 
13- Kalman Filter 
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14- Hydraulic Actuator 
15- Servo Valve 
16- Body (Sprung) 
17- Wheel (Un-Sprung) 
18- Stiffness 
19- Suspension Deflection 
20- Tire (Wheel) Deflection 
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1- Input Current of Valve 
2- Mechanical Time Constant of the Servo Valve 
3- Spool Valve Displacement 
4- Backlash 
5- Pressure in the Upper and Lower of the Actuator Cylinder Chambers 
6- Piston Area 
7- Bulk Modulus of Hydraulic Fluid 
8- Leakage Coefficient 
9- Discharge Coefficient 
10- Spool Valve Area Gradient 

 
Fig. 1 Quarter Car Suspension System 
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Fig. 2 Backlash of Hydraulic Actuator 
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Fig. 3 Double Active Hydraulic Actuator System 
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Fig.4 Calculation of Desired Forced by Hydraulic Actuator 
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Fig.5 Implementation of the Controller Which Causes the 
Output of Hydraulic Actuator Track Desired Force 
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Fig.6 Block Diagram of the Proposed Approach for ASS 
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Table 1 Parameters of Suspension System 
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kg 243  
N/(m/s) 370  

N/m 14671  
kg 40  

N/(m/s) 414  
N/m 124660  
s  1  
m  3.35 × 10   
s 1/30  

N/m  4.515 × 10   
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Fig.7 Road terrain 
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Fig.8 Tire displacement (solid: active, dotted: passive) 

8 ) :  :  

 
Fig.9 Tire velocity (solid: active, dotted: passive) 
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Fig.10 Body displacement (solid: active, dotted: passive) 
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4- Scale of Horizontal Axis
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Fig.11 Body velocity (solid: active, dotted: passive) 
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Fig.12 Body acceleration (solid: active, dotted: passive) 

12 ) :  :  

  
Fig.13 Suspension deflection (solid: active, dotted: passive) 
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Fig.14 Tire deflection (solid: active, dotted: passive) 
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Fig.15 Output force of hydraulic actuator (in active case) 

15 )   

  
Fig.16 Input current of servo valve (in active case) 
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