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[bookmark: _Toc122182276]1.0 - Introduction
Motorcycle handling is defined as the ease, style and feel with which a motorcycle does the bidding of the rider. The handling is affected by overall geometry, Component dynamics, weight and its distribution, contact with the ground, stability, and aerodynamics (Foale, 2002, p. 1-1). Riding a motorcycle is a dynamic experience requiring constant adjustments from the rider to combat the centrifugal and gyroscopic forces as well as roll, yaw, and pitch.  


















[bookmark: _Toc122182277]2.0 -Geometry and schematic diagrams
The geometry of the production motorcycles below is suited to their intended use. The data below was obtained from manuals or physical measurements from the motorcycles. Additional data has then been calculated using various formulae and is presented in the attached Excel sheets.
[bookmark: _Toc122182278]2.1 – BMW s1000rr (2018)
[image: A screenshot of a computer

Description automatically generated with medium confidence]Figure – 1 = 2018 BMW s1000rr geometry schematic diagram. (All data in mm) (Shabee, n.d.)
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Description automatically generated]Figure 2 and 3  = Data for 2018 BMWs1000rr



[bookmark: _Toc122182279]2.2 – KTM EXC-F 350 (2022)
[image: A screenshot of a computer

Description automatically generated with medium confidence]Figure – 4 = 2022 KTM EXC-F 350 geometry schematic diagram. (All data in mm) (KTM, n.d.)
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Description automatically generated][image: Graphical user interface, application

Description automatically generated]Figure 5 and 6  = Data for KTM EXC-F 350
[bookmark: _Toc122182280]3.0 – Gearing, power, speed, and resistance.

How fast a motorcycle can travel is dependent on a variety of factors including but not limited to :
· Gearing
· Power
· Speed
· Resistance to motion
In turn each of these factors are dependent on a number of other factors. For example power is effected by :
· Engine revolutions
· Engine capacity
· Fuel type and purity
· Injector or carb performance 
· Atmospheric conditions
· Torque 
· Road/Track conditions
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Description automatically generated]Figure 7 = Power vs Torque graph for BMW s1000rr 
The above graph shows the power and torque curves for the s1000rr. The power data was taken from BDS performance (n.d) dyno reading. According to this data the rev limiter for the s1000rr is set at 14,000 RPM. The optimum power for this bike is at the top end of its rev range. 
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Description automatically generated]Figure 8 - BMW gearing calculator at 13500rpm.
This shows the rpm and rpm falls for each gear if changed at 13500 rpm.
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Description automatically generated with medium confidence]Driving force is dependent on power and speed.
Figure 9 – Driving force 
[image: Graphical user interface, chart

Description automatically generated]
Figure 10 - BMW Road speed vs driving force graph.
The graph shows the speeds at which the driving force peaks and then drops off for each gear. Changing gear just after the peak of the curve will drop the rpm and give the optimum part of the power curve to accelerate through again, meaning the bike will stay pulling through its optimum power band in each gear.
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Description automatically generated]While moving or at rest a bike has a resistance to motion acting upon it, this force increases with speed, therefore if a bike is to reach its theoretical top speed it must overcome the resistive force acting upon it at that speed. 
Figure 11 – Resistance to motion calculator with s1000rr data.
Three factors contribute to the resistance to motion.
· Aero resistance (FD)
· Rolling resistance (Fw)
· Road plane resistance (FP)
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Description automatically generated][image: Graphical user interface, website

Description automatically generated]FD + FW + FP = Total resistive force (FT)
Figure 12 – Example of driving force calculations (original image)
[bookmark: _Toc122182281]4.0 – Handling comparison

The s1000rr and The EXC-F are very different in purpose and therefore different in geometry and handling characteristics. 
The BMW s1000rr is intended for road use with modified versions used in various motorcycle races such as BSB and WSB. Whereas the KTM is an Enduro off road motorcycle designed to navigate off road terrain, as shown in its geometry and handling characteristics.
[bookmark: _Toc122182282]4.1 – Wheelbase
Wheelbase is the distance between the motorcycles two contact patches. A long wheelbase makes the motorcycle very stable and not prone to the front or rear wheel leaving the ground as there is a greater distance between contact patch and  Cog more force is required to affect the motorcycles pitch. A long wheelbase means the motorcycle is less responsive when cornering. A shorter wheelbase will make a motorcycle twitchier in a straight line and more likely to pitch. A shorter wheelbase will allow for faster changes in direction. For this reason wheelbase length is always a compromise. The wheelbase can be adjusted by adjusting the swingarm length, headstock, triple clamp offset, rake, and headstock angles.
[bookmark: _Toc122182283]4.2 – Weight
Weight and its distribution has a large impact on the motorcycles handling characteristics, particularly when cornering and braking. This is due to the centrifugal and gyroscopic forces at work. When the bike is banked over into a turn, the weight of bike and rider effects these forces as does the center of gravity (Cog). Any combination of bike and rider will have a different Cog, this is due to the change in mass and geometry, If either factor is changed, so too is the Cog. A lower center of gravity allows for more stability but may result in tire slip while accelerating, a higher Cog point will allow for more load transfer but makes the bike more liable to pitch during acceleration or braking. Below is an example:
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Description automatically generated]
Figure 13 – sidecar (zarr.com, n.d.)
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Description automatically generated]Figure 14 – Sidecar cornering (Thacker, 2019)
Due to motorcycles high Cog they are subject to load transfer. During acceleration and breaking  the weight of the bike remains constant but some of the load transfers from one end to the other, this effects handling. (Foale, 2002) 
[bookmark: _Toc122182284]4.3 - Tires
The tires are the only point of direct contact to the ground, Both bikes have very different tires, but both are designed to give maximum grip on the intended surface.
[bookmark: _Toc122182285]4.4 – Squat, anti-squat and dive
[image: Diagram

Description automatically generated]Dive refers to the bike pitching forward under braking and compressing the front suspension, the equal and opposite reaction is the rear suspension decompressing. Load transfer under acceleration will cause squat, and has the opposite effects on suspension to dive. When the bike accelerates it creates tension in the drive chain or shaft. This tension will either compress or extend the suspension. Squat is calculated as a percentage value. 100% anti squat separates the driving force from the suspension response. Anything past 100% will try to lift the front during acceleration. 

Figure 15 – KTM anti squat (KTM, n.d.)
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Description automatically generated]Figure 16 – BMW anti squat
[bookmark: _Toc122182286]4.5 - Comparison
The KTM is designed to perform offroad. It has a slightly longer wheelbase than the BMW meaning greater stability under acceleration and braking. The swingarm length on both bikes is similar, so the difference in wheelbase comes from the headstock rake angle. The KTM has the higher Cog which would help to corner easier. Knobby tires, large front wheel, high ground clearance, and a rear dominant weight distribution help the bike to deal with the rough terrain and the weight distribution takes the weight off the front wheel allowing it to skip over obstacles without bogging down. Weight over the rear allows for more effective rear braking thus reducing the risk of the front wheel sliding on the unstable terrain. The KTM has a lower gearing than the BMW this is due to the need for quick acceleration and minimal need for a high top end speed. By contrast the BMW is geared for road use where high end speed as well as decent acceleration is required. It has an average wheelbase making it a very maneuverable bike, while not compromising stability.  Due to the smooth nature of tarmac the BMW can have an even weight distribution without concern for the front end bogging down in rough terrain. 




















[bookmark: _Toc122182287]5.0 – Race specific geometry

Disclaimer - All measurements in this section are not exact, they are taken from scaled photographs.
[image: ]Figure 17 – BMW m1000rr WSB (Beeler, 2020)
The wheelbase on the WSB is 48.5mm shorter than the stock bike, It also appears to have a higher seat. A shorter swingarm length, Combined with the slight variation in rake angle is probably due to an adjustable triple clamp would explain the change in wheelbase. A higher seat would mean that the Cog of the bike is higher than stock. Therefore the WSB has sacrificed some stability for extra maneuverability. The bike could be set up for a track with lots of tight bends, where maneuverability is of more importance than straight line stability and full acceleration and braking.
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Description automatically generated with medium confidence]Figure 18 – Husqvarna FR 450 Rally Dakar (MotoXAddicts, 2019)
The Dakar bike has purposeful upgrades specifically for the Dakar rally, such as water storage, road map and fairing, and performance upgrades. With the exception of a slightly shorter swingarm and shorter trail the bikes geometry is very similar to the KTM. This is due to the two bikes being designed to perform in very similar environments. The reasons for this geometry are explained earlier.


[bookmark: _Toc122182288][bookmark: _Toc122180839][bookmark: _Toc122182289]6.0 – Handling improvements
To “improve” a motorcycles handling, first the motorcycles use and purpose must be established. The following handling improvement recommendations will be with the goal of improving the two up touring capabilities of the s1000rr. The recommended alterations are as follows:
· Firmer rear suspension for the extra luggage and pillion weight. Firmer front suspension to compensate for the increased load transfer. All suspension changes must be a compromise between handling and comfort.
· Lengthen the wheelbase. This would aid in stability and would also help to mitigate the tendency to pitch with the higher Cog as a result of having the extra weight of pillion and luggage. This would be accomplished by 
· Leaving the sprockets as stock, While a larger front and smaller rear sprocket would allow for faster acceleration. It would also shorten the wheelbase which when paired with the higher Cog would cause the bike to pitch more under acceleration and braking. 
· Lowering the rear shock, rear tire diameter, or running more rear sag would increase stability.  (Victorville, n.d.)
· Steering damping to reduce oscillation.
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Estimated centre of gravity (green) with little to forces acting
on the bike along the X axis. Gravity acting on the Y axis (red)




image14.jpg
During a left handed corner the same gravitational force applies, but there
is now a force acting on the X axis and an estimate of the resultant forces
(purple) one compressing the bikes suspension while the other is trying to
roll the bike, as a result the sidecar wheel is lifted off the ground. The
passenger and rider are using their body weight to try and counteract this,
by moving the Cog.
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