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[bookmark: _Toc58183578]1 - Introduction
This report will investigate why different motorcycle configurations alter performance and handling. The investigation will be conducted by analysing two production motorcycles, which can be physically measured. Using research, these motorcycles will be compared, and their differences analysed. These differences will then be scrutinised for how they change the motorcycle’s characteristics. In some sections a rider’s opinion of the characteristics will be included.

Having learned how design affects handling, from the two production motorbikes. Another two, purpose-built ‘racing’ motorcycles, will be chosen to be analysed. These bikes will not be measured in person, so information will be found on them. The characteristics of these two motorcycles will be explained based on their purpose and design.

Finally, using the technology learned from the purpose-built motorcycles. Recommendations for possible improvements of the production motorcycles will be listed. These will be improvements for racing purposes, with factors such as cost effectiveness and feasibility considered.
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The two production motorcycles considered in this report are the Yamaha szr660 and the Triumph 600 Daytona. The data for these bikes was found by physically measuring and consulting their respective workshop manuals. (Triumph motorcycles limited, 2003)(Yamaha, 1996)
Any measurements affected by suspension travel were taken with the suspension fully extended. This is important when calculating anti-squat. 
Measurements were taken as carefully as possible using a vernier calliper, meter rule, tape measure and digital weighing scale.

2.1 – Use of Data and Measurements 
The data from the measurements can be used to create a scale schematic. The schematic is important for visually seeing the anti-squat and how it is affected by changes to the secondary drive gear ratios and ride hight. It is also helpful for presenting exactly where the centre of gravity is on the bike.
                    
[image: ]Table 1 – Gordon Data Sheet
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Description automatically generated]Figure 2 – Showing Anti-Squat for Gordon (szr660) and Centre of Gravity.

Above, in Table 1 and Figure 2, is the data and schematic for the Yamaha SZR660 Supermono. This motorcycle was modified for the 2004 British Supermono championship and renamed Gordon. It was ridden by then owner Mike ‘Spike’ Edwards. (Edwards, 2006)
In Figure 2 you can see the centre of gravity for the bike alone (yellow dot) and what it would be with the bike plus rider (blue dot). These are helpful for understanding how effective the bike will be under braking and acceleration. A low centre of gravity means, the bike will be able to use its power without lifting the front wheel and, be less able to lift the rear wheel under braking. If the centre of gravity is closer to the front wheel, then the rear of the bike will lift more easily under braking, vice versa if it’s closer to the rear wheel.
Also, in Figure 2 you will see a blue dotted line. This line passes through where the line of the chain and swing arm intersects. This point is called the instantaneous torque centre. Where the blue dotted line passes over the centre of the front wheel is where the anti-squat value comes from. It is shown in Figure 2 as a percentage under ‘scale hight’. On this bike it is 125%. This means that with the suspension fully extended, the pulling force on the top of the chain will overcome the compressing force on the suspension, due to the weight shift under acceleration. In an ideal scenario, if the anti-squat could be at 100% all the time, then the shift in weight and anti-squat would cancel out and allow the rear suspension to perform optimally.
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Description automatically generated]3 – Gear Calculator and Uses
Figure 3 – Gear Calculator and Maximum Speed with Friction (Triumph 600 Daytona)
In Figure 3 is the gear calculator for the Triumph 600 Daytona. This tool is extremely helpful for working out what secondary drive is needed for a circuit. If you had a Motec data logger, you would be able to see what gear the rider is using. With this you can use a gear calculator to determine whether a different gear ratio would give better drive out of corners. 

[bookmark: _Toc58183581]3.1 – Determining Top Speed Considering Resistance to Motion

Firstly, the frontal area of the motorcycle needs to be calculated. This was done by measuring the front of the motorcycle in sections. Dividing sections into squares and triangles to get the area as accurate as possible. A more accurate way would be to use a front on photo of the motorcycle and put it into CAD software. With this you could make an outline of the frontal area to determine the area with accuracy. (Broekaart, 2016)

Equation for top speed with power available.Key
P = Standard density of air = 1.204kg/m^2.
CD = Coefficient of drag = 0.7
A = frontal area m^2
V = velocity m/s
M = mass Kg
G = Gravity = 9.81m/s^2


Power = (((0.5*P*CD*A*V^2) + (0.02*m*g)) V)/1000
To determine the velocity and speed, the method of trial and error was used.
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Description automatically generated]Figure 4 – Gordon (SZR660) Gear Calculator, Current Setup (Tested)
[bookmark: _Toc56367833]Figure 4 is an example of an incorrectly geared bike. The gear calculator and maximum speed equation were helpful in pointing out the mistake.
So, the SZR660 in question is currently set with the rev limiter at 8000rpm and gearing of 15/43 on the secondary drive. The engine originally produced 43BHP at 6400rpm. But the engine has since been tuned to produce approximately 55BHP or 41Kw at 6500rpm. The rpm at max power is similar to the original setup due to it being fitted with the stock camshaft.

Looking at Figure 4, the maximum speed equation says that the theoretical top speed is 138mph. This is a vast difference to the 120.96mph top speed in the gear calculator. So far, this motorcycle has never reached 120mph, but the equation shows that is easily capable of doing so.  
Now if you look back at the gearing calculator. It shows that if you change from 4th to 5th gear at 8000rpm the engine will drop to 6634rpm. As the engine is past peak power as it goes into 5th, it will become less able to gain speed as the power continues to fall with the increase of rpm. This will limit the top speed of the motorcycle (which seems to be the case on circuit).
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Description automatically generated]Figure 5 – Gordon (SZR660) Proposed New Setup (untested).
looking at Figure 5, the rpm or rev limit has been moved to 7500rpm and gearing changed to 16/39. So now if you look at the rpm drop between 4th and 5th gear it is now to 6220rpm. This is just below peak power so theoretically the engine should have power to pull past 110mph and onto 125mph with ease.
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[image: ]Table 2 – Triumph 600 Daytona data sheet

Between the Yamaha SZR660 and Triumph 600 Daytona there are a few notable differences. These differences can be seen in Table 1 and 2 and can explain why the two bikes react differently under the same conditions.
The rake and trail on the Yamaha are 24 degrees and 96 millimetres. On the triumph it is 24.6 degrees and 92 millimetres. Usually, the less rake, the shorter the trail is. But the Yamaha has a steeper rake than the Triumph and more trail. This is due to the triumph having more fork offset. With the Yamaha having the steeper rake it should turn with less effort and be more stable due to its longer trail. But the rider may not necessarily prefer this. (Zimmerman, 2016)
The centre of gravity (Figure 2/6), weight and wheelbase can also have a big impact when braking, accelerating, and turning of the motorcycles. On both the Triumph and Yamaha the centre of gravity placement is very similar. This means that they should perform these tasks in a similar manner. But the heavier weight of the triumph will make fast turning cumbersome compared to the Yamaha. As for wheelbase, the Triumph’s is longer. This will give the Triumph more stability under hard acceleration and braking. This characteristic suits the Triumph as it has more power and the longer wheelbase will capitalise on this, at the small cost of losing a little turning ability.
As a side note, the Triumph with its even power delivery will give less feel and grip at high rpm while accelerating. This is due to tyre being under constant tension. The Yamaha with its large, thumper like, power pulses removes this undesirable trait. Unfortunately, the violent vibrations from the thumping single, gives the rider little, to no feel.
As a general rule, wider tyres give larger contact patches giving more grip. But this requires the motorcycle to lean further to turn the same as than a slimer tyre. This is due to a shifted centre of gravity. This means that the Yamaha with its slimer tyres should be able to corner at the same speed as the Triumph without the need to lean so far.

[image: ]Figure 6 – Triumph 600 Daytona Schematic
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Figure 7 – Ducati Supermono (Aynsley, 2019)
Figure 8 – Ducati Supermono Schematic.
The Ducati Supermono was built in 1992 and went into limited production in 1993. The motorcycle went on to win single cylinder and Supermono racing classes. It also was the bases for the Ducati’s 916. (Aynsley, 2019)
The Supermono was built to be as light as possible, in an effort to maximise power to weight ratio. Its wet weight was 136.5kg, a full 4kg lighter than a lightened Yamaha SZR660. Ducati achieved this by using magnesium, carbon fibre and titanium wherever possible.(Aynsley, 2019)(Motorcyclespecs, burns, Allen, 1993) This level of lightness combined with a steep 22/22.5 degrees rake and 67.8mm trail will lead to a very manoverible motorcycle and therefore, less fatigue for the rider. 
The Ducati Supermono engine is essentially Ducati’s 888 engine, with the vertical cylinder removed. This is quite reminiscent of the Harley Davidson Aermacchi. (aynsley, 2017) When redesigning the engine, Ducati kept the vertical cylinder’s connecting rod for balancing reasons. This allowed the engine to rev further and reduce vibration. (Aynsley, 2019). With the engine being well balanced and attached to a steel frame it should be a smoother ride than the Yamaha SZR660. The Ducati Supermono is an accomplished and balanced machine.
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Description automatically generated]Figure 9 – Britten (Cameron, 2016)

John Britten and his team famously built the Britten V-1000 in 1992 for the race at Daytona. He also built another Britten in 1991 using his own frame design and a Ducati 851 engine. The 1991 Britten took 2nd place at Daytona, this was not good enough. The team went back to Daytona with the Britten, winning in 1995 after racing at many other events. (TLC, 2014) 
The 1992 Britten was ahead of its time, using modern concepts and materials. It boasted a more than 1hp per kg minus the rider. It had adjustable rake and trail. It had suspension that could be adjusted while riding. It used aerodynamics to provide downforce and to redirect air through the bodywork to the radiator under the seat. It used carbon fibre wheels, forks, swing arm, body work and petrol tank. Its rear shock absorber was fitted at the front of the bike to keep it cool. It had an ECU which could be reprogramed at track side. It even used the engine as the main part of the frame, much like Ducati’s 2012 Panigale and monster. (TLC, 2014) (Child, 2013)
There were many more special design features on this motorcycle. To describe all of them in full, a book would have to be written.













[bookmark: _Toc58183584]6 - Possible Improvements to the Physically Measured Motorcycles Based on the Technology Used on the Above Bikes 

For the Triumph and the Yamaha, the first way to improve their track performance would be to improve handling, reduce weight and increase power. The triumph would need all of its road going equipment removed and its bodywork replaced with a carbon fibre version. 

For both bikes the following would apply. Fit titanium brake callipers and exhaust system. Removal of radiator fan and unnecessary wiring. Fit magnesium or carbon fibre wheels. Fit a quick shifter. Fit modern suspension from Ohlins or WhitePower. Replace steel bolts with titanium. Lighten frame, sub frame, yokes. Remove charging system to run total loss on the Yamaha. Remove the starter system and instead bump start the engines. Tune fuelling and engine to maximise engine performance while keeping reliability.
The above modifications if done at once would cost tens of thousands of Great British pounds. Depending on the level of competition, only some of the above may need to be done. Conversely all may need to be done.

If you wanted to make further improvements, you would have to take a leaf out if John Britten’s book and build from scratch. for example, recasting the engine casings, covers and cylinder head in magnesium alloy. Replace frame and swing arm with a special built version of desired material. 
With all of the above said, it is not always the best bike that wins the race, but more often the best rider.
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