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1. INTRODUCTION 

 
The active suspension and semi-active suspension 

have being studied for the vibration control of vehicle. 
As for the former, it is well known that it has ability of 
high performance, but it results increasing of energy 
consumption and weight of system, and has the risk of 
resonance. On the other hand, as for the latter, 
performance is not higher but problem is lesser than the 
former.  

Therefore the latter is thought to be more practical. Al
-though the mechanism is so complex that control has 
been accomplished with just looking data table. That is 
the present condition. So more effective control 
method is desired.  

In this study, we tried a continuous type feedback 
control based on damping characteristic, and 
carried out experiments with practical suspension syst-
em to confirm the performance. 

This new control method shows a smooth contr- 
olling characteristics, and the vibrations over wider 
frequency can be decreased as well. Farther, it has 
better performance comparing with conventional 
data look-up system. 

 
 

2. COMPOSITION OF A SYSTEM 
 

The composition of the experimental system is sh
-own in Fig. 1.and 2, which is consisted of a moti- 
on base, a iron plate, suspension equipments (one
(1) damper, and three(3)  springs), suspension driv- 
ing unit, sensor and a computer.  

The motion base giving vibration can generate  
Six(6) Degree of Freedom motions to the platform, 
so the suspension system can be tested under any  
kinds of vibration mode. 

 
 
Generally, the suspension of a car is consisted of

four(4) dampers and springs, and this equipment is 
thought as 1/4 of scales of a real vehicle, that is  
one(1) damper and a iron plate of 300kg weight.  
Three springs are  chosen in consideration of supp-
ort and peculiar pitch of the equipment. 
Two kinds of sensors, accelerometer and distance 

sensors are installed such that absolute position and

acceleration of the plate are measurable. As shown 

in the figure, these signals are feedbacked to a co-

mputer, and the computer sends a control signal to

 the driver of damper to control  damping  power .

   

 
 

 
Fig. 1 Experimental Equipments 
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Fig. 2  Composition of experiment 

 

 

 

3. CONTROL SYSTEM DESIGN 
 

3.1 Semi-active suspension    
  In this study, we tried to use the practical system 
which is made by KAYABA Co. Ltd and applied on 
RODEO by ISUZU Co. Ltd.  
 
 
 

 
 
 
 

Fig. 3 Semi-active Damper 
 

The power of the damper is based on the viscosity of 
the oil which opposes movement of a piston. With this 
damper, power is changed by adjusting the space of the 
circulating line of the oil which is suppressed by 
movement of a piston, and a stepping motor is servers 
as a regulator of the space. Therefore, a computer signal 
controls the rotation angle of the motor and damping 
power. 
  Now, as for the relation between the rotation angle of 
motor and the force of the damper, Figure 4-1 and 
Figure 4-2 are attenuation power characteristic results 
obtained by experiment. In Figure 4-1 vertical axis 

shows the power and horizontal axis shows angle. In 
Figure 4-2, horizontal axis is moving speed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    

  Fig. 4-1  Force characteristic of damper  
 
 
 

Attenuation powoer characteristic Figure
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Fig. 4 -2  Attenuation power characteristic 
 

 
 

It is shown that the characteristic of damping force is  
nonlinear and corresponding to moving speed too.   
, The specification of the motor is shown in the 
following table . 
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Table 1   Specification of a suspension 
 
 
 
3.2 Control System Design      

In order to design a control rule, the flow of the 
signals of the system is expressed with a block diagram. 

      Fig.5  Bock Diagram of Control System  
 
 

where x indicates distance of the Plate from 
equilibrium position. 

As for the characteristic of a damper, it is usually 

described as xCfd &= , where C indicates damping 

coefficient and x&  the moving speed. However we 
notice the characteristic curve shown in Figure 4 cannot 
be reduced to his formula completely. Here, we tried to 
constitute a control rule based on experiment data. For 
this, at first, a control rule (for example, PID control) 
decides the output force of damper. Then, a rotation 
angle of motor is calculated where a speed at that time 
is taken into consideration, too. Concretely, The 
measured force-angle relationships ( see Figure 5) are 

expressed in the polynomials )()( θvif , where  )(vi  

means the index corresponding to speeds, and an 
interpolation technique is applied to speeds such that all 
the control signals can be determined depending on 
continuous calculation:   

)(xFunctionf =  

))(( )( θθ vifionInterpolat=  

)(θFunctionV =  
  
In consideration of practical application, only an 

acceleration signal can be used to make control signals. 
Then, after the control with position feedback could be 
done well, it succeeded also in the feedback control of 
only acceleration signal by shifting a difference in phase 
between acceleration signal and position signal.  

 
 

4. CONTROL RESULTS 
 

In this section, both simulation and experimental 
results are shown to confirm the performance of control 
system.  

 
4.1 Simulation result 

In order to carry out computer simulation, the m

athematical model of the system is written as: 

0)( =−−−= dd fxxKxM &&  

 )( dd xxCf && −=  

where, x and dx  are distances of Plate and Mot

-ion base surface, respectively, from equilibrium pos

-ition. According to the experimental equipments, M

=250kg is the value of which is about 9000N/m. 

  The damping force df  is supposed as the prod-

uct of oil viscosity coefficient C and moving speed,

 and the force is controlled with changing the coef-

ficient C. 

  Applying Laplace transformation, the above eqati-

on can be represented by 

))()((
11

))()((
1

)(
2

sxsxC
sM

sxsx
sM

K
sx dd && −+−=

 

 The simulation was carried out on Matlab Simul-

ink, the blok diagram of which is as follows, wher-

e block “disturbance” makes dx          

 
     Fig. 6 Simulation Block Diagram 

Specification   
Rating Voltage ＤＣ１２Ｖ 

Operation voltage range ＤＣ８～１４Ｖ 

Operation temperature range  -３０～１００℃ 

Preservation temperature range  -4０～１２０℃ 

Consumption current ２．６Ａ Following/ 

  （１２Ｖ，２０℃） 

Winding resistance ５±０．３Ω（２０℃） 

Drive frequency ２００ＰＰＳ 

Step angle ７．５ｄｅｇ 

Output torque ５９ｍＮ・ｍ Ａｂｏｖｅ 

Maintenance torque １０ｍＮ・ｍ Ａｂｏｖｅ 

Maintenance torque １ＭΩ Ａｂｏｖｅ（ＤＣ ５００Ｖ） 
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  The following Figure is a simulation result where

 control was addes at five minutes later from the e

xperiment start. It shows that the vibration can be r

educed about 40%. 

 
     Fig. 7 Control Result by Simulation  
 
 
4.2 Experimental Results  
 

 

Control experiment was carried out based on the 
investigation of simulations. Figure8-1 shows one of
 the experimental result, the vertical axis is position
 x and horizontal axis is time. The vibration frequ-
ency is 1Hz , and control was started at 2.5 minut-
es from the experiment start. It is obvious that the 
amplitude decreased greatly. 
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Fig. 8-1 Experimental Result 

 
  Another experimental result is shown in Figure8-2, wh-
ich also sounds good effece of control. 
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Fig. 8-2 Experimental Result 

 
 
 

5. CONCULUSION 
 

In this study, we tried a continuous type feedback 
control based change of  damping characteristic,   
and carried out experiments with practical semi-active 
suspension system for automobile to confirm the per-
formance. 

This new control method shows a smooth contr- 
olling characteristics, and the vibrations over wider 
frequency can be decreased as well. Farther, it has 
better performance comparing with conventional 
data look-up system. 
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