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Abstract - Air spring is mainly used in commercial vehicles, but lately is also used in higher classes of passenger vehicles as 
it gives better riding comfort and stability than conventional springs. Air springs are well-known for their low 
transmissibility coefficients and their ability to vary load capacities easily by changing only the gas pressure within the 
springs.  Air springs can be used for a mechatronic approach in suspension design because of their ability to provide a 
controlled variable spring rate and they offer simple and inexpensive automatic levelling. In this paper, an experimental 
model of an air spring is designed on which experimental analysis were performed using a step road profile. Simulation of 
the mathematical model was done in MATLAb. The experimental and simulation result are compared and studied. Thus, a 
reduction in vibration settling time of air spring was achieved. 
 
Keywords:Air springs, conventional springs, mechatronics, transmissibility co-efficient, stiffness 
 
I. INTRODUCTION 
 
The sole purpose of any suspension spring is to 
absorb shocks produced due to bumps and dips on the 
road and also to maintain ride height. Therefore, the 
suspension spring is responsible for the ride quality 
and driving stability. The conventional spring system 
does this job at a constant stiffness. Thus, stiffness 
tuning and maintaining ride height is not achieved in 
conventional springs.  Hence an air spring plays a 
vital role in achieving these demands. In this system, 
stiffness and ride height of the vehicle can be 
simultaneously altered for different driving 
conditions by controlling the air pressure in the air 
spring. This allows the vehicle’s natural frequency 
and height to be adjusted according to the load and 
road conditions. It is usually made from textile-
reinforced rubber. The air pressure inflates the air 
spring, and raises the chassis from the axle. These 
serve as alternatives to the conventional steel springs 
that are often found in heavy trucks and passenger 
cars for smoother rides even in rugged terrains. 
The development of air  springs  goes back  to as  
early as  1901 as  a  key   component   of  a 
pneumatic spring for vehicles that was patented by 
William W. Humphreys. The technology steadily 
evolved from then. Over the century, it was improved 
and used by many of the world’s biggest vehicle 
manufacturers. Today, air springs are combined with 
electronic systems that allow it to perform better. 
These systems can be found in many of the modern 
vehicles. 
 
II.PRINCIPLE OF AIR SPRING 
 
The pneumatic (air) spring shown in fig. 1 is basically 
a column of confined gas in a container designed to 
utilize the pressure of the gas as a force medium of  

 
the spring. The compressibility of the gas provides 
the desired elasticity for suspension use. The air 
spring’s ability to support a mass depends upon its 
effective area, which is a nominal area found by 
dividing the load supported by the spring, by the gas 
pressure at any given position. The spring rate is the 
result of change in effective area and the change in 
gas pressure as the spring is deflected. The gas 
pressure varies with the speed and magnitude of 
deflection. Air springs provide an adjustable spring 
rate, adjustable load carrying ability, simplicity of 
height control, and low friction. They are adaptable 
for light or heavy suspension applications. 

 

 
Fig 1 

 
III. SIMULATION OF THE MODEL 
 
Simulation of an air spring is based on the basics of 
car body response on different road profile taken as 
objective function. Although the process itself is quite 
complex, in the literature the air springs are usually 
presented with simplified equivalent mechanical 
models.The modelling of an air spring, presented 
here, does not take in consideration the levelling 
system because these changes are very slow. Here the 
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mathematical models incorporate the stiffness 
characteristics of air spring. 
The Simulink model for the air suspension system has 
been developed using MATLab and Simulink 
softwares. Below is the Simulink model : 
 
Simulink model: 

 
Fig.2 Simulink model 

 
The model in fig.2 depicts the quarter car suspension 
system. In this figure,an step input input of 5.5 cm is 
given. The scope block gives the output response as 
shown below. Since it is an open loop system, the 
response is as per conventional  system. 
 
1. Open loop system : 
 

 
 

 
Fig.3 Displacement vs Time 

 
From above graph, it can be seen that the settling 
time for the open loop system with step amplitude of 
5.5 cm is 800 miliseconds 
 
2. Close loop system : 
 
In closed loop system, the feedback from the sensor is 
taken to obtain the stiffness control of air spring 
according to road and load conditions. 

 
 

Fig.4 displacement vs Time (closed loop system) 

From the graph shown in fig 4, it can be seen that the 
settling time for the close loop system with step 
amplitude of 5.5 cm is 350 milliseconds which is less 
that the open loop system. 
 

I. IV. EXPERIMENTAL SETUP 
 

 
Fig. 5  Setup Model 

 
Figure 5 shows the model used for 
experimentation. Procedure for experimentation is 
described below: 
 
Firstly, for the linear movement of the air spring,   
steel  guide rods of diameter  8mm and length 700 
mm and linear bearing has been used. The air spring  
is made  of rubber  elastomer of  internal  diameter  of 
50 mm. The air spring is supported  with flanges  on 
both sides with the help of  circle clips or hose clips, 
with the upper flange  having an inlet for compressed  
air through pipelines. The flanges are supported by 
wooden planks. Sprung masses are placed on the 
upper plank while the lower plank is connected to a 
piston used for vertical excitation with stroke 55 mm 
and  bore  diameter  of 16 mm, which  acts as a road 
profile. The inlet port of the bellow  is connected to 
the reservoir for the  supply of compressed air. Also 
the pressure is checked inside the bellows using 
pressure gauge. The pressure maintained in  the air 
spring   is up to 1 bar and the operating pressure  
under different  loads i.e. 2 kg and 3 kg is 1-6 psi. 
Electrically  actuated solenoid 5/2 valve is used for 
controlling piston  and 2/2 valve is used for 
controlling and maintaining bellow  pressure. For  
checking the  displacement  of the spring, an 
Ultrasonic and sharp sensor has been used. To get the 
output from the sensors,an open source electronic 
platform called Arduino with the help of   
microcontroller board  known  as  Arduino UNO R3 
has been used. All these Electronic devices are 
mounted on a separate stand installed on the 
mounting table.To achieve active control of air spring 
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following pneumatic and electric circuit has been 
used. 
 
Pneumatic circuit : 
Figure 6 shows the pneumatic circuit used to control 
the stiffness of air spring. 
The air reservoir is filled from a compressorup to a 
pressure of 3-4 bar. This air reservoir is the source of 
air supply for the air spring. This air is supplied to the 
air spring by means of a 2/2 solenoid valve. A one-
way valve is placed between air reservoir and 2/2 
solenoid valve to prevent the back flow of air into air 
reservoir. A pressure gauge is connected to air spring 
to measure the pressure inside it. An exhaust port is 
provided to release the air from air spring. 

 
Fig. 6  pneumatic circuit 

 
Electrical Circuit : 
The Figure 7 shows the electrical circuit for 
controlling the stiffness of air spring. 
An ultrasonic sensor(HC-SR04)  and sharp sensor is 
used to detect the change in displacement of the 
upper blue surface in the experimental setup. This 
displacement is given as feedback to the relay 
through the Arduino (Uno R3). The relay actuates the 
2/2 solenoid valve for a period of 200 milliseconds 
when the piston is moving down. In this period, the 
2/2 solenoid valves allow air to enter inside the air 
spring thereby increasing the pressure from the initial 
value. Thus, the active control of stiffness of air 
spring is achieved 

 
Fig. 7 electrical circuit 

 
II. V. EXPERIMENTAL  ANALYSIS 

 
The experimental setup uses a piston for providing 
excitation force. The blue surface above the piston 
simulates the road profile considered. The upper blue 
surface holds the weight which simulates the mass of 
the vehicle. Thus the sprung mass of the system is 
represented by the weight on the blue surface and the 
unsprung mass is that of the air spring. The air spring 
is the main element of focus in this analysis. 
The vibrations taking place in the upper blue surface 
is recorded by Ultrasonic Sensor . This sensor is 
interfaced to the computer using an Arduino 
microcontroller. This gives analog readings of the 
amplitude of vibration and serial plotter.exe is used to 
plot the data on the graph. An averaging code or filter 
is used to smoothen the graph obtained. The sensor is 
used to give feedback to the controller to start or stop 
the control mode. 
 
RESULTS 
 
The  variation in stiffness with pressure was achieved 
for different  loads.  Fig. 8 and 9 represent the change 
in stiffness of air spring at different pressure for 2kg 
and 3kg load. 
 

 
Fig. 8 Stiffness variation for 2 kg 
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Fig. 9 Stiffness variation for 3 kg 

 
Fig. 10 and 11 is the experimental reading obtain with 
and without control of stiffness of air spring 
respectively. Fig. 10 has a settling time of 500ms and 
fig. 11  has 240 ms. 
 

 
Fig.10 Open Loop System 

(Analog reading vs sampling rate) 
 

 
Fig.11 Closed Loop System 

(Analog reading vs sampling rate) 
 

The reduction in settling time was obtained in closed 
loop system which can be seen in figure 12. 
 

 
Fig. 12  Comparison of closed loop and open loop result 

 
CONCLUSION 
 
In this paper the varying stiffness of an air spring has 
been analyzed. The pressure and stiffness variation 
also has been obtained. An appropriate experimental 
setup was created to examine the various 
characteristics of the air spring as shown in fig. 10 
and 11.  An air control system was also developed to 
manage the amount of air inside the air spring.  When 
the pressure inside the air spring increases there is an 
increase in stiffness of the spring was observed as 
shown in figure 8 and 9. This makes the air spring 
more capable in preventing situations of vehicle like 
bottoming out. From the results shown in figure 8 and 
figure 9 ,It can also be seen that an air spring can 
provide good amount of damping along with a 
flexibility in stiffness. 
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