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Abstract
A study into semi-active motorcycle suspension from major manufacturers to emergent technologies and their possible impact on the riding experience; With the complexities of the geometric condition that is the motorcycle, dynamics and the safety implications that could arise with their use.
The current technology of electro-mechanical control valves that can quickly increase or decrease the flow of oil as to control the level of damping and the controlling of the system via the other sensors on the bike.
The technology of magnetorheological fluid has been used on cars and some off-road vehicles for many years but the problems that arise from their use almost, until recently prevented them from being made small enough as to be compatible for a motorcycle.
Introduction
The suspension fitted to a motorcycle has to fulfill many tasks, but these tasks are not solely the domain of the suspension units themselves.
[image: ]
Figure 1, lean angle contact patch detail [1]
The motorcycle, being a single-track vehicle (two wheeled) has many more movement possibilities than that of a multi-track vehicle; the roll aspect of motion elicits much complexity into the geometrical outlay.
At slow speeds a turn is achieved by turning the handlebars, the bike remains upright, the suspension acts in predictable way; this is not the case at higher velocities. 
A torque input to the handlebar results in the bike rolling to the side, acted upon by gyroscopic precession the bike tilts opposite to the torque, once the bike is no longer vertical, suspension forces start to be experienced out of plane with the suspension. 
These out of plane forces increase with the increased roll of the bike, in extreme cases such as racing motorcycles, the forces can be almost completely off plane. 
At this extreme the major forces felt closer to plane are the forces centripetal to the center of the curve being undertaken but as the tyre contact patch is now far from the centerline of the wheel there are no forces directly in plane with the suspension, see figure 1 [1].
This causes problems for many design aspects of a performance motorcycle such as frame, fork and wheel stiffnesses.
There has been a long struggle to find the ideal suspension setup for a motorcycle, early bikes had twin rear shock absorber/spring units mounted toward the rear of the rear swing arm; these, as the possible speeds increased tended to fail due to the heat generated by the amount of oil being displaced during operation.
Mono shock suspension, as its name implies only utilizes one shock absorber/spring unit, this was now mounted closer to the fulcrum of the rear swing arm and in so experienced less motion, this much reduced the heating effect; this system then coupled with a lower linkage is the arrangement utilized by most motorcycles today.
As technology has advanced further riders demand more from their machines, more power, more speed and in many cases more comfort.
Power and speed bring problems with handling, the faster the bike traverses the ridden surface the faster the suspension must react but there is a point at which the bike becomes unrideable and again compromises have to be made.
Normally suspension damping is controlled by a series of one-way valves in specifically sized channels that allow a standardization for a range of machines, more specific damping characteristics can be achieved with the use of valving that incorporates a shim stack restricting a larger orifice that can be specialist tuned.
The high-end manufacturers now are focusing more on suspension units that can adjust or be adjusted easily by the user or even automatically by the bike’s onboard computers.
Research
Current control
Many motorcycle manufacturers now include or have the option to include a semi-active suspension system on their higher priced models.
 Early manufacturers concentrated their efforts in controlling a single element of the suspension system, controlling the front and rear separately, as if it were two quarter car models, but it quickly became apparent that for the system to realize its full potential many more inputs needed monitoring.
The current systems take a more holistic approach to the motorcycle, controlling it as a half car model, including other elements that have an impact on the wider system, ABS and brake pressures, TCS and wheel speeds
The primary driver of the adjustment of the suspension unit is an electrical signal from an onboard management unit, some manufacturers use a secondary unit connected to the main ECU to control the suspension, information is shared via a canbus system such as in BMW’s DDC.
The electrical signal control electronic solenoids that can open and close the oil galleries to increase or decrease the damping ability of a given suspension unit, this alone equates to only adaptive damping and not semi-active suspension
The BMW S1000RR’s system is supplied by Marzocchi and utilizes a single servo that controls both the compression and rebound characteristics utilizing one in piston valve, see figure 2 [2]. 
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Figure 2,BMW piston detail [3]
BMW have a fork arrangement which only incorporates electronic adjustability into only one fork leg.
On the more refined HP4 model BMW incorporated all the controls into one management unit including control of the ABS, TCS and DDC.
The system as a whole works well but is very complex with many ancillary sensors such a s a chassis sensor to indicate the position of the rear swing arm and a gyroscopic unit which measures the three axes of the bike, pitch, roll and yaw.
Ducati have taken a very similar approach on their Multistrada and Panagale having electrically operated valve systems attached to the shock absorber unit and both fork legs, see figure 3.
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Figure 3,Ducati Panigale fork top detail [4].
 
Similarly, the rear suspension has two attached valves, in this case one valve controls compression the other rebound, the system was designed in conjunction with Ohlins suspension, see figure 4.
Again, it is incorporated fully into the control center of the bike to take advantage of the onboard sensors as in the BMW system. [5]
The Panigale utilizes an adjustable damper in both fork legs, it is unclear from initial research if one fork leg is adjusting compression and the other rebound or whether one fork adjusts both and the other is a sensor (as per wp suspensions setup on the KTM 1290 superduke).
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Figure 4, Panagale rear suspension detail [4].
Possible future control strategies
There are numerous vehicles on the road today that utilize MR fluid in their dampers as opposed to the usual oil, one of the most recent converts to this technology is Land Rover on their high end evoke and range rover sport models.
MR fluid is an oil base that has microscopic ferrite particles in suspension, the use of this in a suspension damper enables flow control without physical valving. The fluid when introduced to a magnetic field aligns its ferritic particles with the lines of flux within the magnetic field, with stronger field excitation the fluid exhibits a much more viscous flow as flow is inhibited by the ferrous particles attracted and slowed
Early MR dampers utilized more physical valving than their modern day equivalents, their goal was to control compression damping and not rebound [6].
More recently research has focused on a multi-phase control system using an electromagnet and a permanent magnet to achieve a base control strategy and the electronic activates when greater control is required, the idea is to avoid constant power usage [7]
There are concerns that the time for the magnetic field to build is to long for faster applications, the early approach used a varying voltage approach but more recently there is a stratagem utilizing a constant voltage with variable current, this approach has seen significant time advantage.
The second strategy that is prevalent in the research is a multi-coil strategy to not only control the flow but to control the shape of the flow in respect of achieving better control, this is being researched for many applications but as yet not for a motorcycle [8]
Conclusions
Semi-active suspension as fitted to current motorcycles certainly makes for a safer more enjoyable ride, with its ability to soften the 
suspension damping in both compression and rebound the tyre is much less likely to leave contact with the ridden surface on encountering uneven surfaces moreover the ability of the braking system to be more effective in more extreme environments, the braking effort is also taken into account by gyroscopes, accelerometers and pressure transducers incorporated into the greater integrated system to inform the control algorithm of the movement of the bike for it to make the most appropriate decision on how stiff to make the suspension on encountering more extreme events.
The efficacy of the system in full cornering/roll events is still up for debate, these events being more controlled by stiffnesses designed into the frame and tyre etc.
The constraints of the current adjustment system design, being electrically operated mechanical valves makes improvement opportunities limited the only improvements that can be realized are in the software environment.
The main other possibility for research and development is in the field of MR fluids, there are many ways that other research could be adapted to be suitable for a motorcycle, the main problem envisaged is the power availability on the bike (especially if it were fitted to an electric motorcycle), the MR valving system requires many times more power than the conventional valves coupled by the possible use of multi coil control strategies exacerbates this.
limits in magnetic field creation time would require that a field be partially energized constantly, the constant voltage approach with minimal amperage could limit the parasitic power draw from this strategy.
MR fluid also has another disadvantage over the current technology that it, although oil based, has an abrasive attribute, this is especially prevalent when it is forced through small orifices, the permanent magnet idea could go some way to alleviating this problem, this would require a design that could use the magnetic field from the magnet to hold just enough fluid or ferrite particles as to maintain a coating on the interior of the control tube.
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Definitions/Abbreviations
	MR
	magnetorheological

	ECU
	Engine control unit.

	DDC
	Dynamic damping control

	ABS
	Anti-lock brake system

	TCS
	Traction control system
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