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Abstract 

We investigate the effectiveness of a damper for a one degree-of-freedom forced oscillator. This 

mechanical model is well known in industry, it is often used to describe the behavior of torsional 

vibration absorber of shafts using inertia rings. The silicon oil between the case and the inertia ring is 

modeled by a Kelvin-Voight element. We determine the optimal viscosity, which results in minimal 

vibration amplitude and minimal working temperature at arbitrary excitation frequencies. Our aim is 

to minimize both the maximum value of the amplification and the dissipated power generated by 

the oil.  
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1. Introduction 
 

Commercial and sport cars are getting more powerful and more precise so they need 

smoother and more vibration free suspension systems. It is a great challenge to find the most 

suitable (optimal) parameters that reduce the transmitted force from the engine towards the chassis 

and keep the vibration amplitudes at an acceptable value. Most papers deal with suspension 

systems used for wheels and seats [2, 3]. Less papers deal with torsional vibrations of shafts and 

other rotating machinery [1].  

The unbalanced rotation of an engine crankshaft is due to the uneven run of the engine 

caused by the differences between the positions of the cylinders. The resulted torsional vibrations of 

the shaft affect the opening and closing process of the valves.  A well known method to reduce this 

unwanted vibration is the use of dry friction damper, also known as Lanchester damper [4]. This 

damper has mostly an outer case made of cast iron and an inner ring, called inertia ring. Between 

the case and the inertia ring, the gap is filled with silicone oil that produces the damping effect of the 
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absorber. Due to the viscosity of the silicon oil, the absorbing process generates heat that affects the 

efficiency of the vibration absorber. On the other hand, the viscosity also has an influence on the 

vibration amplitudes as well.  

In this paper, the viscosity of the silicon oil is considered by a classical damping parameter. A 

combined optimization is performed for the minimal vibration amplitudes (i.e., for minimal 

amplification) and for the minimal heat generated during operation. 

2. Mechanical model 
 

In this paper a 2 DoF mechanical model is presented that models the behavior a 

conventional torsional damper. The first body of mass m1 illustrates the shaft and the case of the 

absorber that is fixed to the shaft; the second body of mass m2 models the inertia ring. Between the 

case and the inner ring the oil is modeled as a Kelvin-Voight element with stiffness s2 and damping 

k2. Our aim is to find the optimal damping parameter when the amplitude of the vibration is 

minimal. Second aspect of the optimization is to keep the dissipated power at an acceptable level. 

This power is caused by the shearing between the layers of the oil. In Fig. 1 the mechanical model 

can be seen.  

 

 

 

 

 

 

 

Figure 1.: The mechanical model 

 

The positions of the blocks are described by y1 and y2. The compliance of the shaft is modeled by 

stiffness parameter s1 and damping k1. The equations governing the motion of the system read 

s1 k1 

k2 s2 

y1 

m2 

m1 

y2 

F0 



 3 

 (1) 

 

 (2) 

 

where  is the excitation force and   is angular frequency of the excitation coming from the 

uneven run of the engine. 

The system can be written in the matrix form 

 (3) 

 

where  is the mass matrix,  is the damping matrix,  is the stiffness matrix,  is the general force 

vector: 

 

. (4) 

 

The steady state solution can be written in the form 

. (5) 

 

Substituting Eq. (5) into Eq. (3) we get the equation for the amplitudes  and : 

 (6) 

 

The steady state solution can be given by solving Eq. (6) for  and  and substitution into Eq. (5). 
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3. Optimization for vibration amplitude 
 

The goal of the optimization is to reduce the vibration amplitude of body 1. This amplitude is 

characterized by the amplification , where  is the static deformation and  is the 

amplitude of the steady state motion of body 1 that can be given as 

 

 (7) 

 

Introducing the dimensionless parameters 

  

the amplification can expressed as 

. (8) 

  

During the optimization, the mass ratio , natural frequency ratio  and the relative damping   will 

be fixed, and the optimal value of the damping parameter  will be determined for tuning values 

0<  .  

In Fig. 2 the amplification diagram can be seen for different dampings D2. The other parameters are 

 . For low damping parameter D2, the amplification diagram has two peaks, 

while for larger D2, these peaks merge. As it is expected the maximal value occurs when the damping 

is minimal. With increasing the damping parameter D2, the peak value of the amplification diagram is 

decreasing till a certain rate (D2 = 0.201). After this point it starts increasing again. This means that 

the optimal value of the damping parameter is D2 = 0.201.  
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Figure 2.: Amplification diagram for different D2 values 
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In Fig. 3, the maximal values of the amplification diagram – given by Eq. (8) – can be seen as the 

function of damping D2. It can be seen that the optimal damping parameter, where the amplification 

peak has a minimum, is D2 = 0.201 indeed. The diagram was created as follows. First, the value of D2 

was fixed, then the amplification was calculated for discrete values of the tuning parameter  

between 0 and 2 using Eq. (8). The peak values of the amplification was then selected for each 

discrete values of  D2.  

 

 

Figure 3.: The amplification peak as function of damping parameter D2  

 

4. Optimization for dissipated power 
 

Another aspect for the optimization of a shock absorber is that it should not generate too 

much heat during operation. It is well known that the viscosity of fluids decrease with increasing 

temperature. With this changed rheological property the absorber works with different efficiency 

than on the normal temperature. Extra heat also could damage the polymer chains of the oil, and it 

may lead to early degradation.  For this reason we take into account the power caused by the 

shearing between the layers of the silicon oil. This power is defined as follows: 

 (9) 

 

where  

 ,  
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Using that  

 

 

the dissipated power can be calculated. 

Since the dissipated power varies in time with the steady state vibrations, we define its mean value 

as 

 (10) 

where  is the period of the forced oscillation. 

Similarly to static deformation  in the amplification in Eq. (8), a static power is defined in the 

form:  

 . (11) 

 

We can now use the dimensionless dissipated power ratio  for the optimization. For a given 

damping parameter D2, this ratio can be computed numerically. Such a plot can be seen in Fig. 4. 

One can see that the minimal generated heat is associated to the case when the damping parameter 

D2 is zero. Of course, in practical applications, the viscosity is never zero, but its value decreases for 

increasing temperature. However, this effect is not considered here. 

 

Figure 4.: The dissipated power as a function of damping parameter D2 
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5. Combined optimization 
 

In the combined optimization we minimize the amplification peak and the dissipated power 

at the same time. We use the weight parameters w1 and w2, so that w1 + w2 =1. The optimization 

function reads 

 (14) 

 

 

Six different cases have been investigated where the weights are changed from 0 to 1. In Fig. 5 the 

optimization function Q can be seen for different weights w1 and w2. The first case, when w1=0 and 

w2=1, corresponds to the optimization of the dissipated power as it was shown in Section 4. The last 

case, when w1=1 and w2=0, corresponds to the optimization of the amplification as it was shown in 

Section 3. Further cases show the results of the combined optimization with increasing w1. It can be 

seen that for larger weight w1 the optimal damping parameter D2 increases. It can be seen that this 

optimal value is D2 < 0.201.  

The optimal damping parameters as function of the weight w1 is presented in Fig. 6. 
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Figure 5.: Combined optimization with different w1 values 
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Figure 6.: The damping parameter as a function of weight w1 

6. Conclusion 
 

In this paper a 2 DoF mechanical was used to model a torsional shock absorber. Optimization was 

performed with respect to two different aspects. The first is the maximum vibration amplitude using 

the amplification diagram. If only the amplitude is needed to be minimized at arbitrary tuning 

parameter, then a certain damping D2 value could be used. Second aspect is the heat generation in 

the oil, which is modeled as a Kelvin-Voight element. In this case, the optimization gives that the 

smallest heat is generated if this damping parameter (i.e., the viscosity of the oil) is zero, which is of 

course not realizable in practice. A combined optimization was performed using different weights, 

w1 for the amplification peak and w2 for the generated heat. It was found that the optimal damping 

parameter increases with weight w1.  
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