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Abstract— In this paper, a passive suspension system and 

the active suspension control of a vehicle model that has 

seven degrees of freedom using a PID controller is studied. 

Here, for analysis a linear 7-DOF i.e. full car model is used 

for the analysis. Firstly the mathematical modeling is done 

and the simulations are carried out in MATLAB/Simulink 

environment. The model is simulated for various road inputs 

like step and ramp inputs. At the end of the study it is 

observed that PID controller gives the better ride comfort. 
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I. INTRODUCTION 

The automobile, as we know is a combination of variety of 

complex systems. Each system has its own functions to 

perform and how good an automobile turns out to be 

depends on the proper synthesis of these systems, one such 

system is the suspension system. Suspension system has 

been widely applied, to the vehicles from the horse drawn 

carriages with flexible leaf springs, to the modern 

automobiles with complex control algorithms.  

 The main functions of an automotive suspension 

system are to provide vehicle support, stability and 

directional control during handling maneuvers and to 

provide effective isolation from road disturbance. These 

different tasks result in conflicting design requirements. 

Directional control and stability requires a suspension that is 

neither very stiff nor very soft. Insensitivity to external loads 

requires a stiff suspension, whereas good ride comfort 

demands a soft suspension. 

 The conventional system i.e. passive suspension 

system, which comes as is, is a system of springs, shock 

absorbers, bushings, rods, linkages and arms. The main goal 

of the designers is optimum design of these elements. Ride 

comfort and road holding are two important factors which 

conflict each other, have to be compromised. A case with a 

nice cushy ride usually wallows through the corners whereas 

a car with high performance suspension, like F1 cars, will 

hang on tight through the corners but will make the 

passengers feel every little dip and bump in the road. A 

good vehicle suspension system has to reduce the sprung 

mass displacement together with acceleration and provide 

adequate suspension deflection to maintain tires on contact. 

This helps to improve ride comfort and vehicle 

maneuverability.  

 Application of active systems has the potential of 

improving ride comfort. Active suspension system includes 

sensors to measure suspension parameters like body 

velocity, wheel velocity, suspension displacement, body 

acceleration. In active suspension system the additional 

energy to be supplied is determined by a feedback control 

law which is determined by the data obtained by the sensors 

attached to the vehicle. Various control strategies are used to 

get the feedback. T. Yoshimura et al.,2001[5] suggested a 

sliding mode approach using Linear quadratic control theory 

, Y. M. Sam et al.,2003 [6] used a PI sliding mode control 

strategy, Fuzzy Logic control strategy was suggested by 

Seok-il Son and Can Isik (1996)[3] in his literature. Neural 

Network Based Fuzzy Logic control of vehicle suspension 

was implemented by Shinq-Jen Wu et al., 2005 [4]. Edilson 

H. Tamai and José Sotelo Jr. (1995) [2] suggested Linear 

quadratic gaussian theory applied to active suspension 

system and D. Hrovat (1993) [1] suggested Optimal control 

strategies to control the vehicle suspension system. 

 An active suspension control strategy – PID 

(Proportional Integral and derivative) is suggested in this 

paper. The performance of the PID controller is compared 

with the passive suspension system. PID controller improves 

the vehicle ride comfort. 

II. VEHICLE MODEL 

In order to analyze the behavior of a dynamic system and to 

design a multivariable control for the same we need a 

mathematical model of the system. The model is constructed 

according to functional principles in view of the demand and 

is required to represent the kinematic and dynamic behavior 

of the system in equation. 

         During the analysis, in a full car model, total 

weight of the car body is considered and four wheels are 

taken for analysis. The pitch and roll motions of the car are 

also taken into consideration. Model is a three dimensional 

model which has a movement on Z direction owing to the 

disturbance signal. 

Modeling of suspension system is done in the 

vertical plane. Longitudinal or transverse deflections of the 

suspension components are considered negligible in 

com¬parison to vertical deflections. The complete vehicle 

mass is divided into two masses i.e. the sprung mass and the 

unsprung mass respectively. Springs and dampers are 

connected between the sprung and unsprung masses and 

unsprung mass and ground. 

 A schematic diagram of the suspension system is 

shown in Fig. 1. Where z5 is the displacement of the vehicle 

body mass, z1, z2, z3 and z4 are displacements of the 

suspension masses, q1, q2, q3 and q4 are the road 

displacements at individual wheels. Computer simulations 

of the active suspension system with PID control and the 

equivalent passive system are performed to obtain the 

vertical displacement, acceleration of the sprung mass and 

the rattle space variation. The vertical acceleration of the 

sprung mass is processed to evaluate the ride comfort 

behavior and the rattle space variation is used to evaluate the 

handling stability of the different active control systems. 

       Due to the external disturbance signal, the system 

is displaced from the equilibrium position and the governing 
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equations for the displaced system can be formulated by 

applying Newton’s Second Law as follows – 

m1 1 = k1 (q1-z1) + k11 (z1’-z1) + c1 ( 1’- 1) 

m2 2 = k2 (q2-z2) + k21 (z2’-z2) + c2 ( 2’- 2) 

m3 3 = k3 (q3-z3) + k31 (z3’-z3) +c3 ( 3’- 3) 

m4 4 = k4 (q4-z4) + k41 (z4’-z4) +c4 ( 4’- 4) 

m5 5 = k11 (z1-z1’) + c1 ( 1- 1’) + k21 (z2-z2’) + c2 ( 2-

2’) + k31 (z3-z3’) + c3 ( 3- 3’) + k41 (z4-z4’) + c4 (

4- 4’) 

J  = k11 (z1-z1’).a + c1 ( 1- 1’).a + k21 (z2-z2’).a + c2 (

2- 2’).a + k31 (z3’-z3).b + c3 ( 3’- 3).b + k41 (z4’-

z4).b + c4 ( 4’- 4).b 

I  = k11 (z1’-z1).d + c1 ( 1’- 1).d + k21 (z2-z2’).c + c2 (

2- 2’).c + k31 (z3’-z3).d + c3 ( 3’- 3).d + k41 (z4-

z4’).c + c4 ( 4- 4’).c 

All these equations have been obtained by 

analyzing the free body diagrams of all the masses shown in 

the Figure. 1. 

 
Fig. 1:  A Passive Full Car Model. – 7-DOF System 

The displacements of the car body mass due to one 

signal alone i.e. z1’, z2’, z3’, z4’, can be determined by using 

the geometry of the arrangement. The concept behind this is 

– 

Angle * Radius = Arc  

 (Since, the angular displacements are small, the 

arc can be approximated to be a line) 

Analyzing, 
1
/4

th
 of the vehicle for this purpose,  

 
Fig. 2: 

z1’= z5 + a  - d  

Similarly, the following relations can be obtained –  

z2’= z5 + a  + c  

z3’= z5 - b  - d  

z4’= z5 - b  + c
 

III. PID CONTROLLER 

PID controller involves P+I+D control actions. This control 

action can be used for virtually any process condition. 

 
Fig. 2: Close Loop System 

The three-term controller is 

  (2) 

The variable (e) represents the tracking error, the 

difference between the desired input value (R) and the actual 

output (Y). 

The signal (u) will be sent to the plant, and the new 

output (Y) will be obtained. This new output (Y) will be 

sent back to the sensor again to find the new error signal (e). 

The controller takes this new error signal and computes its 

derivative and it’s integral again. This process goes on and 

on.  

  (3) 

This mode eliminates the offset of the                 

proportional mode still provides fast response. 

IV. RESULTS AND DISCUSSIONS 

The simulation is carried out in Matlab/SIMULINK® 

environment. During simulation, the vehicle hits a step and a 

ramp.  

The input data to the Simulink model is – 

Symbol Specifications Values 

m1 Front left unsprung mass (kg) 59 

m2 Front right unsprung mass (kg) 59 
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m3 Rear left unsprung mass (kg) 59 

m4 Rear right unsprung mass (kg) 59 

m5 Sprung mass (Car body mass) 1500 

k1 
Front left tyre Spring Stiffness 

(N/m) 
190000 

k2 
Front right tyre Spring Stiffness 

(N/m) 
190000 

k3 Rear left tyre Spring Stiffness (N/m) 190000 

k4 
Rear right tyre Spring Stiffness 

(N/m) 
190000 

k11 
Front left suspension Spring 

Stiffness (N/m) 
35000 

k21 
Front right suspension Spring 

Stiffness (N/m) 
35000 

k31 
Rear left suspension Spring Stiffness 

(N/m) 
38000 

k41 
Rear right suspension Spring 

Stiffness (N/m) 
38000 

c1 
Front left suspension Damping 

Constant (Ns/m) 
1000 

c 2 
Front right suspension Damping 

Constant (Ns/m) 
1000 

c3 
Rear left suspension Damping 

Constant (Ns/m) 
1100 

c4 
Rear right suspension Damping 

Constant (Ns/m) 
1100 

q 1 Front left Disturbance signal (m) - 

q 2 Front right Disturbance signal (m) - 

q 3 Rear left Disturbance signal (m) - 

q4 Rear right Disturbance signal (m) - 

z1 
Displacement of unsprung mass due 

to disturbing signal (m) 
- 

z2 
Displacement of unsprung mass due 

to disturbing signal (m) 
- 

z3 
Displacement of unsprung mass due 

to disturbing signal (m) 
- 

z4 
Displacement of unsprung mass due 

to disturbing signal (m) 
- 

z5 
Displacement of sprung mass due to 

disturbing signal (m) 
- 

z1’ 
Displacement of sprung mass due to 

disturbance q1 alone (m) 
- 

z2’ 
Displacement of sprung mass due to 

disturbance q1 alone (m) 
- 

z3’ 
Displacement of sprung mass due to 

disturbance q1 alone (m) 
- 

z4’ 
Displacement of sprung mass due to 

disturbance q1 alone (m) 
- 

  Pitching angular displacement (rad) - 

J 
Moment of Inertia about pitching 

axis (kg.m
2 
) 

2160 

  Rolling angular displacement (rad) - 

I Moment of Inertia about rolling axis 460 

(kg.m
2
) 

a 
Distance between CG of vehicle and 

front suspension arrangement (m) 
1.4 

b 
Distance between CG of vehicle and 

rear suspension arrangement (m) 
1.7 

c 
Distance between CG of vehicle and 

right suspension arrangement (m) 
0.77 

d 
Distance between CG of vehicle and 

left suspension arrangement (m) 
0.77 

Table 1: 

A. Ramp Input Response: 
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Fig. 3: Ramp Input Response 

B. Step Input Response: 
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Fig. 4: Step Input Response 

From figure 3 for Ramp input response, peak 

sprung mass acceleration is 4.7 m/s2 where as for the active 

suspension system it is 4.2 m/s2.  

From figure 4 for Step input response, peak 

overshoot of sprung mass displacement is 0.2 m, where as 

for the active suspension system it is 0.18m. 

V. CONCLUSION 

Due to developments in the technology, active suspension 

systems are the main research area to improve the ride 

comfort in vehicles. Thus, in order to improve the ride 

comfort in vehicles, a PID controller was introduced in this 

paper. A 7-DOF full car model is used for analysis. A 

passive suspension system and an active suspension system 

with PID controller were modeled and simulated in 

Matlab/Simulink environment. The simulation result shows 

that the active suspension system can improve the ride 

quality by minimizing the displacements and body 

acceleration than passive suspension system. It means that 

active suspension system using PID controller provides 

better ride comfort. 
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