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Certain physical parameters in the equations of motion are directly measurable, 
others are derived from the manufacturer's data, otherwise the identification 
procedure is required. 

Damping properties of shock absorbers are determined on the basis of simu
lation tests made on mathematical models or in the course of experiments on real 
objects. In order to simulate the vibration reduction device utilising a hydraulic 
shock absorber, it is required that a number of parameters associated with ab
sorber structure and properties of the working fluid should be established first. 
The damping force is generated by the flow resistance of the hydraulic medium 
forced through from one chamber to the other via the shaped throttling holes 
[1, 7]. In the generał case the damping force Fd is expressed as 

(2.1) 

where: c - damping ratio, x - piston velocity with respect to the cylinder, 
n - coefficient associated with design objectives.

The factor c present in Eq. (2.1) is a nonlinear function of displacement and
velocity, temperature of the working fluid as well as geometry and mechanical 
parameters of the valve assembly in the piston. 

Characteristics of dampers used in most practical applications for the given 
operating ranges are: 

• progressive, for n > 1,

• linear, for n = 1,

• decreasing, for O < n < 1.

Accordingly, the damping characteristics can be adjusted to the particular
needs. A damper can be designed with a progressive-decreasing characteristics, 
which means that in one direction (tension) the relationship between the damp
ing force and velocity is progressive, whilst in the opposite direction ( compres
sion) it is a decrease. However, the theoretical analysis of working fluid flow 
through a system of throttling holes and return valves for certain solutions might 
prove to be extremely complicated and time-consuming, requiring advanced and 
extended nonlinear mathematical models taking into account the flow processes 
and thermodynamic phenomena in the working fluid as well as a large number of 
parameters characterising the geometry and mechanical parameters of the valve 
system in the piston. To obtain reliable values of these parameters is another 
time-consuming task. Thus the equivalent damping factor is difficult to obtain, 
even though a simplified mathematical model might be applied. Valve systems 
in shock absorbers might vary in their structure and operating principles. The 
difference lies in the number of available flow paths, which depends on the piston 
stroke and the direction of its motion. Factors that affect the damping force in
clude the difference in the effective areas of the piston, responsible for the excess 
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4- 1. Testing of a commercially-available shock absorber

The commercially-available shock absorber was tested to find the fundamen

tal characteristics listed in the Sec. 3. In the first place the response force was 

determined as a function of relative piston velocity. During the experimental pro

gram the upper platform connected with the piston rod joint was immobilized 

whilst the lower platform, connected with the cylinder joint, would reproduce the 

triangular displacements generated by an electro-hydraulic shaker. The period 

of the generated signal would cyclically decrease after two cycles with a con-
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FIG. 2. Displacement and damping force in the function of time in the part 

of the experimental program. 
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FIG. 3. Comparison of damping characteristics depending on the piston velocity 

for two oil temperatures. 
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The experimental characteristics of the energy dispersed by a shock absorbed 
as a function of vibration frequency is shown in F ig. 5. 
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FIG. 5. The amount of energy dispersed in one cycle in the function of frequency. 

4.2. Testing of an experimental shock absorber 

To improve the performance of vibration reduction systems, semiactive sys
tems with a controllable damping force might be applied. Such systems utilize 
the control elements / devices that allows to adj ust the flow cross-section between 
the working chambers in a damper and by so doing, the flow resistance is ad
justed to the required damping force. The devices enabling the alterations of the 
flow cross-section are hydraulic valves, differing in structure and control strat
egy. Analogue and discrete- function electric or electro-hydraulic control valves 
are the best for these applications. The most effective control is achieved in 
electrohydraulic proportional valves and flow control servo-valves. These devices 
convert the electric low-power input signal into an amplified hydraulic flow-rate 
signals, proportional to the input signal. Application of such devices and care
fully chosen electronic modules in vibration reduction systems affords us the 
means of continuous control of the damping force. Furthermore, such solutions 
allow to recover the energy of vibrations, instead of energy dispersion. Research 
is now under way to recover the energy of vibrations of unsprung mass and to 
utilise it to power-supply the active vibration reduction systems. 

The variable damping characteristics of the shock absorber allows to adjust 
its parameters to various types of disturbances (road surface profiles, velocity, 
loading and others). 

Figure 6 shows a schematic diagram of an experimental shock absorber com
prising a symmetric hydraulic cylinder and an electrohydraulic driving unit. The 
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