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ABSTRACT 

This paper investigates the effect of using semi-active suspension system with damper friction and electromagnetic 

drive on motorcycles. The advantages of this system can be pointed out to be the increased passenger comfort and 

safety. The cost of using this system is also affordable and can be offered it as an option on motorcycles. The model 

used in this paper was half-vehicle model that it is a complete model for motorcycles. Therefore, the effect of front 

and rear wheels is investigated simultaneously on suspension status and comfort criteria of passenger. In addition, in 

order to reduce its self-active vibration (chattering) a balance control logic approach is used to remove the chatter. 

 

Keywords: motorcycle, semi-active suspension system, damper friction, electromagnetic drive; comfort criteria of 

chattering passenger comfort. 

 

1.    INTRODUCTION 

Motorcycle is one of the most useful vehicles in Iran that are used by passenger for a long time. If the vehicle is lack 

of suitable suspension system, the vertebral column and upper parts of bodies will be damaged. 

In almost all types of motorcycles, suspension system is Inactive. Since the spring constant is invariable, inactive 

suspension systems can have an optimal performance in specific situations and will not always be able to respond 

appropriately.  

Many Researches have already been done on active and semi-active suspension systems [1-6]. Most active 

suspension systems are used in special cases such as military and agricultural vehicles. These types of suspension 

systems require a significant energy source for their performance and current source power supply (battery) of 

motorcycles will be failed to power supply, and if it is necessary to add a battery, motorcycle weight will be 

increased significantly. 

Semi-active suspension system that was used by Karnopp and et al. [4] was outlined as the first researche in this 

field. These systems are against the costly, complex and energy-consumed active suspension systems and have a 

wider application compared to those systems. The effect of the application of semi-active suspension was studied 

with electrohydraulic on the rear wheel of a motorcycle theoretically and experimentally by Sergio et al. [5]. In this 

study, several different control algorithms were taken and their effect was evaluated. The results of this study 

indicate the effectiveness and the positive advantages of semi-active suspension systems. Cristiano et al. [6] installed 

of a semi-active suspension system on the rear wheel of a sport motorcycle investigated the road vibrations of sport 

motorcycles. Interestingly, this study presents a new controller type using only one sensor. The sensor simply 

measures the rate of expansion or compression damper based on data received from the sensor and the ECU 

commands necessary rules to set the value of dampers coefficients. The algorithm has a positive impact on the 

motorcycle suspension systems. Both recent studies only have considered the rear wheel suspension systems and the 

effect of both the front and rear wheels to each other has not been considered yet. 

Dampers used in semi-active suspension systems have different types such as: electrohydraulics, magnetics and 

friction fluids (MR). The need of using friction dampers in semi-active suspension systems is the equipments of the 

controller and control algorithms [7]. Most of the hydraulic systems are driven by the friction dampers. Since the 

hydraulic equipment can be costly and lead to increase of its weight, which is undesirable in motorcycles, therefore 

the friction dampers with hydraulic drive systems are more about vehicles and less about motorcycles. 

Due to these disadvantages, the proposed electromagnetic drive is standing on a pole permanent magnet and a coil is 

placed on the opposite side. By passing the electric current between the windings can be change the force between 

them and the driving force as the vertical force on the shoes may be used. No study has been conducted to the 

possibility of using friction dampers controlled by magnetic stimulation.  

In this paper, the effect of a semi-active suspension system with friction damper and an electromagnetic drive in 

motorcycles has been investigated with the aim of improving passenger comfort. Here, the half-vehicle model is 

used, and the simultaneous effect of front and rear wheels is considered in the suspended status. 
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2.    Friction Damper with Magnetic Drive 

Figure 1 shows a schematic design of a semi- active suspension system with friction damper. A new type of 

electromagnetic drive was used in this suspension system. Vertical force required compressing the friction layers to 

the damper moving part and hence to produce the frictional resistance force against the motion is provided by a 

magnetic force. To this end, a winding is considered that becomes magnetic when the electrical current is entered. 

 

 
Figure 1: schematic design of a semi- active suspension system with friction damper and electromagnetic drive. 

 

3.    Motorcycle Suspension System Modeling 

The suspension system was used in this study has four degrees of freedom and its dynamic model is shown in Figure 

2. 

 

 
Figure 2: The dynamic model of the suspension system of a motorcycle 

 

Indices f and r refer to the front and rear parts respectively. Therefore, mr and mf are unsparing mass of front and rear 

tires respectively. kf and kr refer to the constant spring for the front and rear suspension systems, respectively. 

Similarly, k1, k2, c1, c2 are: the stiffness coefficient and extinction coefficient of motorcycle front and rear tires, 

respectively. The amount of force of the suspension system dampers are variable and controllable and are shown 

with ur and uf or the front and rear systems, respectively. Center of gravity G and its distance from two terminals of 

the motorcycle are shown with a and b. m and w are the mass and momentum the motorcycle around the center of 

gravity, respectively. Parameter θ represents the angle of motorcycle rotation the axis perpendicular and z represents 

the height of the center of gravity relative to the reference level (the ground). In addition, the zr, zf, yr and yf are the 
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height and the height of the post - the height of the surface of the earth for the front and rear tires, respectively. yr 

and yf functions with a phase difference equal to each other: 
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Vibrations equations of referred model is as follows : 
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Calculating the friction force on friction dampers used in this study does not required very high precision so the use 

of complex models of traction control calculations is not cost effective. 

The use of advanced friction models of usually micro- motors that is considered accurate at small displacements is 

important. So, the proposed model for the study is the simplified model of Coulomb friction. 

 

4.    Criteria for passenger comfort 

The most important criteria for judging the car’s passengers on the ride and comfort level, the influence of vibrations 

of the vehicle acting in the way. Bearing level of the vibration frequencies and intensities and, most important 

criterion for judging the condition of a vehicle [13]. 

Identification of evaluation criteria and the effect of vibrations on health, comfort and persons feel standards 

developed and are also presented including a standard ISO 2631 and BS 6841 can be cited as one of the first 

International Standard Organization and second of British Standards Institutions. These standards have been 

evaluated the effects of three modes of vibration in sitting, standing, and reclining and the input frequency range of 

vibrations that were studied were between 0.5 to 80 Hz. 

Level of exposure to vibrations (either in terms of time and intensity of the vibrations), the arithmetic root mean 

square are measured; 
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Acceleration values of aw in the above equation have the weight coefficient according to Table 1 (from the standard 

ISO2631). Regarding the vertical motion of the vehicle is considered, we only offer vertical weight coefficients in 

the above table (wk) are satisfied. 

This place is the measure place for the root mean square of the arithmetic mean of the measured acceleration, in fact 

the location is the seat occupants on a motorcycle, this point  are vary on different motorcycles, so in the present 

study is considered consistent along the vertical center of gravity. 

Calculating the amount of arms can be attributed to the passenger vehicle in accordance with Table 2 (in accordance 

with the standards of BS6841 and ISO 2361). Classification presented in the tables and explanations of each 

category according to the average for people's feelings calculated and presented. 
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Table 1: the weighted coefficients of frequency in vertical vibration mode 
 

Wk (Factor1000) Frequency (f) Hz Wk (Factor1000) Frequency (f) Hz 

1054 6.3 31.2 0.1 

1036 8 48.6 0.125 

988 10 79.0 0.16 

902 12.5 121 0.2 

768 16 182 0.25 

636 20 263 0.315 

513 25 352 0.4 

405 31.5 418 0.5 

314 40 459 0.63 

246 50 477 0.8 

186 63 482 1 

132 80 484 1.25 

88.7 100 494 1.6 

45.0 125 531 2 

28.5 160 631 2.5 

15.2 200 804 3.15 

7.90 250 967 4 

3.98 315 1039 5 

 

Table 2: Reaction of different people sitting inside the car against different values of arms according to BS 6841 and 

ISO2361 standards 

arms (m/s
2
) Reaction 

<0.315 Not uncomfortable 

0.315-0.63 A little uncomfortable 

0.5-1.0 Fairly uncomfortable 

0.8-1.6 Uncomfortable 

1.25-2.5 Very uncomfortable 

>2.0 Extremely uncomfortable 

 

The main criterion for the control logic presented in this study is based on reducing the maximum value a rms or in 

other words, cause to increase passengers’ riding and comfort. 

 

Balance logic 

The logic was originally developed by Sankar and Rakheja in 1985 and then by Stammers and Sireteanu it was 

developed in 1997. The purpose of the control logic is the deceleration to the chassis and the vehicle body and the 

method is a function of the amount of force on the damper spring force must be opposite, which means that the 

spring force is equal but opposite in direction. With this policy, the sum of forces acting on the vehicle chassis will 

be zero. But we cannot always use this law and in some cases or the lowest amount. Formulation of balance logic 

can be expressed as follows : 
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kspring in the above equation is the spring stiffness coefficient that if the front suspension is considered, the rear 

suspension is in order if its value is equal to kf, kr. The relative displacement of chassis and tires is shown with 
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in order to handle the numerical solution of equations 3 to 8, the first time the transformation matrix and then 

compared with the discrete Euler method have been resolved. 

Figure 3 compares the acceleration transmitted to the vehicle chassis and body with Pourghorban study [10]. In this 

study, the optimal control for active suspension in half vehicle model is applied. With given the similarity of this 

model with the vibrating motorcycle model used in this study. The bottom of Figure 3, the acceleration curve in the 

front and rear suspension models shows inactive suspension mode on Pourghorban research [10]. 

The roughness function of the road that used in the study ((D'Amato et al, 2000) and (JS Lin, 1997) has also been as 

follows : 
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Figure 3: Acceleration variation of the motorcycle, (a) and (b) front body and rear body with semi-active 

suspension system and friction damper, respectively; (c) and (d) front body  and rear body with passive suspension 

system and viscous damper, respectively 

 

Comparing the first row of Figure 3 with second rows charts specified that by using semi-active friction dampers the 

rate accelerations transmitted to the front and rear chassis significantly decreased ; for example, the maximum 

vertical acceleration of the vehicle in front of a conventional viscous damper more than 4 m/s
2
 after the application 

of semi-active suspension friction, this number has decreased to about 2.5m/s
2
.Although the use of semi-active 

friction damper not only have benefit but also has some disadvantages, the most important other undesirable 

phenomenon called chatter or self-driving vibrations. As can be seen in parts of the diagram, with the jerks huge 
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amount of momentum behind it is that they are higher than usual. This phenomenon is called chattering or self – 

driving vibrations.  

The main reason of chatter is the nature of balance logic, because that it is a discontinue strategy. According to the 

control balance logic, if the amount of   is less than zero, the damper force will be equal to zero otherwise it will 

be equal to elastic force of the spring, but with the opposite sign. Thus, by small changes in the speed and or 

environmental conditions, circumstances change and switch from zero to non- zero to the damper force or vice versa 

is provided.It is natural that this phenomenon is harmful and controlled mechanical systems are virtually unable to 

follow commands with the intensity. Therefore, it should be considered a choice to its remove. 

 

Time Delay of Stimuli Function  

Any control system has a time delay on its stimuli operation. This delay could be due to factors such as the time of 

process computing, low mechanical equipment in practice. It is of course as the type of stimuli of this research is 

magnetic stimuli type, so its performance much lower than other other stimuli such as hydraulic stimulation. 

In the previous example, if the time delay is considered ideal and zero. Figure 4 shows the front and rear 

acceleration values over the time, considering the time delay of 30 ms. Comparing this figure with the upper 

diagram in Figure 4 shows that the rate has declined sharply consecutive jerks and chattering. Therefore, taking into 

account the appropriate time delay can be effective in reducing jerks but on the other hand, excessive time delay 

increases the performance of semi-active suspension system will have a negative effect because it lags, only a 

portion of the elastic force of the spring will neutralize and not all of it. Comparing the graphs in Figure 4 with  

upper graph in Figure 3 clearly indicate that the volume of transmitted accelerations is more in case the system delay 

is considered 30 ms. 

 

    
Figure 4: Acceleration variation of the motorcycle, (a) front body and (b) rear body with consideration of 30 sec 

time delay.  

 

Balance control logic approach to remove the chatter 

In articles for remove chatter of this type of controllers, various solutions have been proposed. One of these methods 

is the use of Low-pass filter on the output signals from the sensors to track movement or the speed of vertical 

suspension system [8]. Since chattering occur on the relatively higher frequencies compared to the normal state 

occurs, so this type of filter can be used to detect the occurrence of an chatter to prevent the passage of irrational 

feedback · One of the disadvantages of frequency filtering methods is that it requires a lot of information point to 

calculate the Fourier transform of the intensity of the heavy computing load on the zero point for each point within 

the range of zero.  

Another way to remove chattering is the use of dead band on recognized   around switch points and mode change; 

that means that instead of being zero and or   lead to their multiple is zero, it is considered a boundary for each 

point since the width of the dead zone is considered low, so movement in this area is small. Therefore, the elastic 

force of the spring for handling in the area, not too much. It is natural that the movements in the region, the elastic 

force of the spring will be balanced by the damper. Also, in many cases, the height band of chattering may be varied 

that such cases can be refered to suspension system in the study. Amplitude of displacement diagram jerks or speed 

will vary depending on road conditions and surface roughness and consider the appropriate scope to dead band is not 

an easy task. Given the large amount of this domain resulted in a complete loss of system performance. However, 

very little consideration of it has no effect on chattering removal. Therefore to remove chattering and simultaneously 
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appropriate solutions, we need to update it according to the speed and path conditions which increase the complexity 

and volume calculations. 

Another method to remove the chatter phenomenon has been considered in articles and it is a combination of fuzzy 

logic with variable structure control [9]. Fuzzy variables in the present system can be considered displacement and 

relative velocity of the suspension system. Using this approach can lead to a rapid process of switching and 

changing light conditions and thereby be reduced jerks drastically.  

The method that considered here, without loss of accuracy, compared to other methods of computing has lower 

numbers, and thus more speed. First entering to chattering mode was diagnosed here, then the amount of feedback 

information can be approximated by a function and this function is actually the best function of the curve of degree3 

passing a total of 20 earlier points. 

As chattering occurs on balance logic in the horizontal axis coordinate system, so the condition diagnosed of this 

phenomenon, for example, for front wheel has been considered as follows:  

Subscript i indicate the system status in current time (t). So the purpose of (i-1) and (i-2) are the system state at time 

(t-dt) and (t-2dt). First condition in equation 13, indicating that the rate of change of speed at the instant ti at time ti-1 

changes in the terms of different sign. The second line of equation 13 indicates the second condition of the existence 

of the jump and chatter. This condition is expressed that chatter phenomena in the system, due to the nature of 

balance control logic must occur near the horizontal axis coordinate system. So sharps in boundaries around the 

horizontal axis of the graph in the coordinate system, not subject to chattering phenomenon, may be indicate the 

extreme points.  

The purpose of this section is to reduce time delay and also chattering Control. In the previous example, the value of 

the time delay was 30 ms is reduced to 20 ms in this example and also chattering control is performed as described 

above.  

The first row of the diagram in Figure 5 shows the variation of acceleration with respect to time the front and rear of 

the model. As mentioned previously, we judge about vehicle status by investigate the acceleration transmitted to the 

chassis and the passenger. By comparing the graphs in Figure 5, the relief of some amount of acceleration is 

detected. However, careful judgment in this case depends calculated aw using equation 9.  Table 3 shows the root 

mean square of the momentum arithmetic in the last two examples with an equivalent amount in an inactive 

suspension.  

 

Table 3: Root Mean Arithmetic Square of Acceleration in two recent examples and compared with inactive 

suspension 

Method : Inactive suspension  Balance control with 30 

ms time delay  

Balance control with 

removal chattering 

sterategy and 20 ms time 

delay 

Parameter  

aw 0.0757 0.0648 0.0511 

awf 0.0986 0.0721 0.0644 

awr 0.1460 0.1132 0.0982 

 

aw, awf and awr in table 3 are the square root of the arithmetic mean of the acceleration at the gravity center, front and 

rear of the vehicle. 

A few points from the results presented in this table are removable: 

aw, awf  and awr values in semi-active suspension mode is less than inactive mode that this represents, the positive 

effect of control system on semi- active suspension. 

By comparing to table 2 it is recognized that all of obtained values is less than a minimum value of aw to provide 

vehicle (0.315). So the riding position and comfort of passengers in both examples is not only uncomfortable but 

also in the ratio of 3 to 6 times is far the distance of upset the boundary. 

The aw value (either in the center of gravity or front and rear) in the last example is lower than its previous example. 

Although in this case the delay was reduced from 30 to 20 ms, but using chattering control strategy, the root mean 

arithmetic square of the acceleration is reduced 10 to 20 percent. 

The bottom row of Figure 5, the Pourghorban results [10] is also given for comparison. Although the present study 

used semi-active suspension and active suspension in the Pourghorban research [10] but relatively little difference 

between the accelerations values and also even lower in some cases. 

For example, the maximum negative acceleration at the rear of the vehicle declined but there was an increase in its 

volume which generally it can be considered a similar point for both of them. 
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Figure 5: Acceleration variation of the motorcycle, (a) and (c) front body, (b) and (d) rear body, after eliminating of 

chattering. 

 

Implementation of balance control logic on a motorcycle 

Motorcycle which considered here, is a sport motor produced by Italy – Ducati Co. and the following characteristics 

(units are in the SI system): 

Like the previous examples, the motor speed is considered 40 kilometers per hour and road inequality function no 

different. t should be mentioned that the operating conditions in this example is also the balance control logic with 

removal chattering strategy but with delay 10 ms. Figure 6 shows graph of front and rear motorcycles accelerations 

compared with the conventional inactive suspension. 

In order to better interpret the above charts, aw values are calculated and presented in table 4 for front and rear 

motorcycle suspension, both semi- active and inactive. As can be seen from this table, the awf and awr values for 

semi-active suspension have been reduced significantly as compared to the inactive suspension, which shows 

significant improvement in the condition of passenger comfort in the motorcycle. 

 

Table 4 : the arithmetic mean square root of the acceleration in the case of motorcycle 

Method : Inactive suspension Semi – active suspension 

Parameter 

awf 0.6706 0.2144 

awr 1.002 0.3015 
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Figure 6: Acceleration variation of the motorcycle, (a) and (b) semi-active suspension system, (c) and (d) active 

suspension system. 

 

5.   CONCLUSION 

In the semi-active suspension systems cannot be forced by damper in all conditions otherwise it exacerbates body 

vibration and acceleration increase, and hence the force applied to the body of the motorcycle is being led to reduced 

passenger comfort. Due to the discontinuity in the force of the semi-active damper is occurring, the occurrence 

chattering or successive jerks would be inevitable. Chattering is one of the weaknesses of this type of suspension 

and obvious that we should have a strategy to reduce the intensity of the program. In this study the starting point of 

chattering phenomenon is observed quickly and then by choosing a smooth curve (with respect to the overall shape 

of the curve during 20 pervious stages), an appropriate amount to be considered for damper force. This process will 

be continued until the exit curve from horizontal axis of the graph. 

The diagram results of vibrations of this study are comparable to active suspension results and maximum vibration 

amplitude was approximately equal to it. The results of semi- active suspension on active Suspension particular in 

passenger comfort parameter were superior. 

According to the above cases, and given the simplicity and decreasing the design cost and installation of this type of 

suspension (especially the friction damper with magnetic stimulation) can say that for some vehicles such as 

motorcycles will be have a relative advantage compared to active suspension. 
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