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Modeling of an Attenuation Characteristics of the Damper Used for Micro Vibration of a Car Body  

 

Hiroki Nakamura  Toshiaki Kamo  Hideki Ohsawa  Shota Fukushima  Hiroshi Sakanoue  Toru Yamazaki 

 

The present damper developed for a micro vibration suppression of a car body, that uses an oil hydraulic pressure control valve for generating 

damping force, is able to produce a velocity-independence nearly constant damping force unlike an ordinary viscous damper and hence to 

produce a large damping force in a very small velocity range. However, a particular account of the generation mechanism of a damping force has 

not been given so far.  

This paper presents firstly the derivation of equation for attenuation characteristics; nonlinearity of the present damper with a built-in oil 

hydraulic pressure control valve as an attenuation mechanism. Next, linear attenuation coefficient equivalent to the non-linear damping force is 

driven using a describing function method and then the validity of modeling of damping mechanism and its linearization technique is verified    

on the basis of comparison of simulations with experiments.  
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Fig.1  Performance damper installed on a car 
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Fig.2 Components of test performance damper
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Fig.3 Measurements of the damping force vs piston speed 

characteristics of test dampers 
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Fig.4 General characteristics of pressure control valve 
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Fig.5 Valve plate structure for pressure control valve with a 

built-in test damper 
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Table 1 Symbol and term of parameters for pressure control valve 

Symbol Term 

 
Number of valve (flow path) 

 
Valve opening 

 
Discharge angle from the valve 

 
Density of the fluid  

 
Flow rate  

 
 Discharge coefficient of the valve 

 
Diameter of the conduit 
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Fig.6 Modeling of pressure control valve for generating constant 

damping force
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Fig.7 Model of a plate–type pressure  

control valve 
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Fig.8 Correlation between velocity and damping force 
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(a) 0.5mm 10, 20, 30, 40, 50Hz 5  

(b) 10Hz 0.5, 0.7, 0.9, 1.0mm 4   

(c) 20Hz 0.5, 0.7, 0.9, 1.0mm 4  

 
 

Fig.9 Sinusoidal excitation experimental equipment for test damper 
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(b) velocity 
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(c) damping force

Fig.10 Time history waveforms of displacement and damping force 

at 40Hz sinusoidal excitation of 0.5mm amplitude 
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Fig.11 Correlation between velocity and damping force

ceq (20)

ceq

 

2 11 

RMS RMS

3

0.5mm 10Hz 50Hz

 

 

Table2 Damping coefficients obtained from experimental data 

[Ns/m] 

Type Input frequency 

10Hz 20Hz 30Hz 40Hz 50Hz 

High 26921 15746 11385 9652 9005 

Middle 19980 11421 8601 7435 7054 

Low 10066 6068 4904 4410 4284 
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Table3 Damping coefficient calculated by Eq. (20) [Ns/m] 

 
Input frequency 

10Hz 20Hz 30Hz 40Hz 50Hz 

High 31093  15895  10829  8296  6776  

Middle 18878  9759  6719  5199  4288  

Low 8731  4678  3327  2651  2246  

 

Table4 Relative error between experiment and proposed model 

Type  Input frequency 

10Hz 20Hz 30Hz 40Hz 50Hz 

High 17.4 4.1 0.5 8.8 19.2 

Middle 3.7 11.4 17.7 25.2 34.1 

Low 9.5 16.7 24.5 31.4 38.8 
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