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1 Introduction 

Most of the transport equipment needs a mechanical or mechatronic system - 
shock absorbers, to reduce the effect of traveling over rough ground, leading to 
improved ride quality and vehicle handling. While shock absorbers serve the purpose 
of limiting excessive suspension movement, their intended sole purpose is to damp 
spring oscillations. Shock absorbers use valving of oil and gasses to absorb excess 
energy from the springs. Spring rates are chosen by the manufacturer based on the 
weight of the vehicle, loaded and unloaded. Along with hysteresis in the tire itself, 
they damp the energy stored in the motion of the unspring weight up and down. 
Effective wheel bounce damping may require tuning shocks to an optimal resistance. 

2 Damping types 

Spring-based shock absorbers commonly use coil springs or leaf springs, though 
torsion bars are used in torsional shocks as well. Ideal springs alone, however, are not 
shock absorbers, as springs only store and do not dissipate or absorb energy. Vehicles 
typically employ both hydraulic shock absorbers and springs or torsion bars. In this 
combination, "shock absorber" refers specifically to the hydraulic piston that absorbs 
and dissipates vibration. 

Because surface unevenness the wheels have to do movement- up and down. 
Under fast ride this movements are undertaken in very short time interval and then 
acceleration and deceleration are formed in vertical direction by the direction of 
runway, which ones are multiple of Earth's gravitational acceleration. Impact forces 
influence on vehicle, which increase with the mass in movement. Suspension with 
damping is tasked absorbs impacts from traffic and convert them to vibration. 

Damping is the control of motion or oscillation, as seen with the use of hydraulic 
gates and valves in a vehicle's shock absorber. This may also vary, intentionally or 
unintentionally. Like spring rate, the optimal damping for comfort may be less than for 
control. 
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Damping controls the travel speed and resistance of the vehicle's suspension. An 
undamped car will oscillate up and down. With proper damping levels, the car will 
settle back to a normal state in a minimal amount of time. Most damping in modern 
vehicles can be controlled by increasing or decreasing the resistance to fluid flow in 
the shock absorber. 

3 Springs 

Springs support the weight of the vehicle. In vehicle suspensions coil springs, air 
springs, torsion bars, and leaf springs are used, Fig. 1 

 

Figure 6 Vehicle suspension springs 

 

Coil springs, torsion bars, and leaf springs absorb additional load by 
compressing.Thus, the ride height depends on the loading condition. Air springs are 
rubber cylinders filled with compressed air. They are becoming more popular on 
passenger cars, light trucks, and heavy trucks because here the correct vehicle ride 
height can be maintained regardless of the loading condition by adjusting the air 
pressure. 
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.Figure 7 Linear coil spring and general spring characteristics 

 
 
A linear coil spring may be characterized by its free length LF and the spring stiffness c,  
Fig.2. The force acting on the spring is then given by 

 (1) 

where L denotes the actual length of the spring. Mounted in a vehicle suspension 
the spring has to support the corresponding chassis weight. Hence, the spring will be 

compressed to the configuration length  . Now, (1) can be written as 

 (2) 

where Fs
0
 is the spring preload and u describes the spring displacement measured 

from the spring’s configuration length. 

In general the spring force FS can be defined by a nonlinear function of the spring 
displacement u 

 (3) 

Now, arbitrary spring characteristics can be approximated by elementary 
functions, like polynomials, or by tables which are then inter- and extrapolated by 
linear functions or cubic splines. 

The complex behavior of leaf springs and air springs can only be approximated 
by simple nonlinear spring characteristics,  
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4 Dampers 

Dampers are basically oil pumps, Fig. 3. As the suspension travels up and down, 
the hydraulic fluid is forced by a piston through tiny holes, called orifices. This slows 
down the suspension motion. 

Today twin-tube and mono-tube dampers are used in vehicle suspension systems. 
Dynamic damper model, ompute the damper force via the fluid pressure applied to 
each side of the piston. The change in fluid pressures in the compression and rebound 
chambers are calculated by applying the conservation of mass. 

In standard vehicle dynamics applications simple characteristics  

 (4) 

are used to describe the damper force FD as a function of the damper velocity v 

Figure 8 Principlne of a mono-tube damper 

 

5 Types of shock absorbers 

There are many types of commercial transport equipment shock absorbers. The 
most used shock absorber systems are described below. 

5.1 Twin Tube Gas  

This type of shock absorber has two tubes. An outer reservoir tube and inner 
pressure tube. The piston moves up and down inside the pressure tube and oil is forced 
through the compression valve or the rebound valve. As the oil displaces, an inert gas 
such as nitrogen at relatively low pressure (around 5 atmospheres) is maintained on the 
oil in the reservoir tube. 

The reason why an inert gas at pressure is used is to reduce the chances of 
aeration. This type of shock absorber eventually will fade if used hard and simply 
requires time to cool for full damping to return.  
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5.2 Foam cell 

Again a twin tube but an interesting design where instead of allowing any gas to 
come in contact with the hydraulic oil, nitrogen impregnated foam cells are used. 

These shock absorbers virtually eliminate aeration and will generally hang on a 
bit longer than the twin tube gas shock absorbers before fading. Unfortunately if this 
type of shock absorber is overheated, it will not regain its damping qualities when 
cooled. 

 

Figure 9 Twin Tube Gas and Foam cell 

 

5.3 Mono tube 

As the name implies, this type of shock absorber uses only one tube and the 
piston valving controls both rebound and compression damping. A floating piston 
separates the nitrogen gas from the oil and the gas is at a high pressure generally above 
20 atmospheres. 

This type of shock absorber is more prone to stone damage than the twin tube 
types. Once the tube is hit, the rod piston and/or floating piston will no longer seal 



 

-53- 
II/2015 

properly against the cylinder wall. With the gas at the bottom of the shock absorber, 
it's difficult to design one with as much travel as the twin tube designs above.  

As such it's a popular shock absorber on road cars and as it heats up, the gas 
pressure increases and exerts more force on the oil. The end result is that the damping 
rates increase with heat. 

5.4 Twin tube hydraulic 

This type of shock absorber is similar to the twin tube gas type except instead of 
using an inert gas at pressure, it simply uses air at atmospheric pressure. Generally, it's 
prone to aeration and will fade quickly. Allowing the shock absorber to cool will see a 
return of its damping qualities. 

 

Figure 10 Mono Tube and Twin tube hydraulic 
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Resume 

These article is about damping. It is resume of basic information about springs 
and dampers, shock absorbers. Article includes information about the function and 
importance of the spring and damping mathematical relations for calculation of forces 
in the spring and a brief overview of the different types of vibration dampers. 
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The suspension system affects both the driver's control of the car and the comfort of 
the occupants. The springs allow the wheels to move up to absorb bumps in the road 
and reduce jolting, while the dampers prevent bouncing up and down. Various 
mechanical links keep the wheels in line. 
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