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	A very important component of practically any passenger vehicle is its suspension system.  The purpose of this system is to make the ride for the passenger(s) as comfortable as possible by minimizing the effect of vibrations caused by bumps in the road.  Since road conditions may vary, the design is often a compromise.  In order to analyze a suspension system, the road and the vehicle must be modeled.  


	This paper will attempt to devise a very practical design of the front suspension system of a typical motorcycle.  The system will be modeled using differential equations which will then be used to examine the system's response for varying types of road conditions.  A relationship between the mass of the motorcycle and the stiffness of the suspension system will be determined that will provide the most comfortable ride.


	A typical suspension system is made up of basically only two parts:  the spring   and the dashpot.  The spring is compressed when a force is applied to it and the spring subsequently attempts to return to its original position.  A compressed spring delivers a force equal to the spring constant K multiplied by the distance of the compression.  The dashpot is more passive, and returns a force only when it is moving at a velocity other than zero.  The dashpot delivers a force equal to the dashpot constant D multiplied by the change in length of the dashpot over a given period of time.  In a suspension system, the spring works to return the rider to his original position after a displacement due to the road.  The dashpot limits the force of the spring and prevents the spring from oscillating freely.  These two components work together to provide a much smoother ride.


	For the purposes of this paper, a few assumptions must be made regarding the characteristics of the motorcycle and suspension system.  These are:


	1.	The mass of the wheel is negligible


	2.	The spring and dashpot constants act linearly


	3.	No other forces other than gravitational act on the system (centrifugal, 			frictional)


	4.	The wheel remains in contact with the road


	5.	The mass acting on the system is approximately 200 kilograms


	6.	The system's movement will be measured from an equilibrium position 			found when the system is at rest which will eliminate the force of gravity in 		the modeling equation.


	The particular system this paper will analyze consists of two sub-systems, each containing one spring and one dashpot.  Such a system is shown on the next page as Figure 1.  Because the springs and dashpots work in parallel, they may be considered as one unit. The free-body diagram for such an equivalent system is shown on the next page as Figure 2.  













































































		   Figure 1.					Figure 2.





Mathematical Representation





	The differential equation for the suspension system is:
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which may be also written as:





�EMBED Equation ���





which may be written in the more familiar form:





�EMBED Equation ���





where





�EMBED Equation ���	and	�EMBED Equation ���


	As can be seen, a damping ratio between zero and one is much more desirable than any of the other three ratio ranges shown on the previous pages.  This ratio returns the system through the equilibrium position much quicker than the others.  The first case considered would oscillate for quite some time, and as one can imagine, this would not be desirable in suspension design.  In two other cases considered, where z equaled one and z was greater than one, the results were not desirable because the frame returns to the equilibrium position too slowly.  


	There are two reasons that a slow return is undesirable.  First, because the spring and dashpot work well with motion in either direction, a slow return to the equilibrium position would also mean a slow reaction to input displacement.  The slowness of this reaction is usually known as the 'stiffness' of a suspension system.  A 'stiff' system, therefore, would be slow to react to sudden changes in displacement (such as a bump) and would not absorb the shock of the sudden input.  Instead, this shock would be transmitted to the frame, an unhealthy result for both the rider and the motorcycle.  Second, a system with this type of slow response would definitely have problems on a bumpy road.  If the motorcycle hit a bump that caused the motorcycle's suspension to move as far as it would go and, while the system was moving slowly back to equilibrium, hit another similar bump, it would be unable to handle the full entire force as it should and the remaining force would be transmitted directly to the frame and the rider.  This would be a very undesirable result.  Of course, such a scenario is also possible when �SYMBOL 122 \f "Symbol"� is between zero and one, but because the return time is much less, this vulnerable time is also reduced.


	From the graphs of the response of each system, the compilation graph of the previous page, and the discussion of the results above, it may be concluded that a damping ratio between zero and one is the most desirable; thus, for the rest of this paper, only damping ratios between zero and one will be considered.  The actual damping ratio that suits our model best will be determined through subsequent analyses.


	To begin the analysis to an appropriate �SYMBOL 122 \f "Symbol"�, the requirements for a smooth ride must be established.  For this paper and this suspension system, the reaction of the system to an impulse input (a bump in the road) will be used as the main criteria for determining the best �SYMBOL 122 \f "Symbol"�.  If the value of the rider's displacement at the height of his fourth oscillation (at t = t4) is less than one-thousandth of the value of the rider's displacement at the height of his first oscillation (at t = t1), then the ride is considered smooth.  These points are shown in the graph on the next page.  The equation which describes the motion of the system when subjected to an impulse input (the motorcycle hits a bump) is:
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To find �SYMBOL 122 \f "Symbol"�, therefore, the equation that will be used will be:


�EMBED Equation ���


and �EMBED Equation ��� is equal to �EMBED Equation ��� because the values for t are found when the value for the sine function is greatest.  By canceling out like terms in the numerator and denominator and substituting in for other values, the simplified equation was found to be:
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Solving for �SYMBOL 122 \f "Symbol"� finds that a value of �SYMBOL 122 \f "Symbol"� of at least .344 would be sufficient to fulfill the requirements for a smooth ride.














 


