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[bookmark: _Toc38403132]CHAPTER 1.0 INTRODUCTION
1.1 [bookmark: _Toc35827440][bookmark: _Toc38403133]Aims 
The aim of this report is to gain knowledge and understanding of the principles of engine and vehicle technologies and practices for analysis of powertrain systems. In this report a BMW S1000RR will be used to collect and analyse performance data and review the characteristics, functions and mathematics of transmissions that can be collected from a chassis dynamometer test
1.2 [bookmark: _Toc38403134]Specifications 

BMW S1000 RR Specifications
Mass				208kg
Engine				999cc
Cd				0.75
Frontal Area, A			0.7m2
Max engine power		152kW @ 13500rpm 
Max engine torque		113Nm @ 10500rpm
Max engine speed		14200rpm
Ratios			
Primary			1.652
1st gear 			2.647  
2nd               		2.091
3rd           		1.727
4th              		1.500
5th                		1.360
6th			1.261
Final Drive (Sprocket)	2.647

1.3 

[bookmark: _Toc38403135]CHAPTER 2.0 RESEARCH
[bookmark: _Toc35827450][bookmark: _Toc38403136][image: ]2.1 Transmission FunctionFigure 1 (Naunheimer, H. et al, 2010)


The purpose of transmission is converting the power and torque from the drive unit. Every vehicle including watercraft and aircraft require various types of transmissions. Land vehicles, orientated for the road, use transmission to covert engine speed and torque into traction force to the road for a wide range of speeds and situations. There are many designs of automotive transmission as can be seen in figure 1. Transmissions are either automatic or manual. Manual transmissions are considered the simplest. (Naunheimer et al 2010) 
[bookmark: _Toc38403137]1.2 Transmission Components
[bookmark: _Toc38403138]1.2.1 Gearboxes 
A gearbox is unit in which gears and shafts are operated and is connected at the flywheel. The gears in the gearbox allow the car to achieve different operating conditions such as climbing a hill or driving on a motorway. This is because the gears in the gearbox are progressively different sizes to multiply the engine torque. With power being transferred from the input shaft, through the gears to the output shaft.
 In a manual transmission vehicles, the gears are operated in the by the driver of the vehicle with a gear lever. The clutch is the essential component in gear selection because it disengages power from the engine to the gearbox at the flywheel. The clutch in manual transmissions is operated from a 3rd pedal in the cabin or a hand lever on a motorcycle. Motorcycles majorly use manual transmissions. 
In automatic manual transmission cars, there is no manual clutch operation as the clutch is operated automatically at the right moment by sensors, actuators and processors. The cars that use this system usually have paddles on or behind the wheel to change gear. 
Fully automatic transmissions are more complicated. They use fluid in place of a mechanical clutch. Connected at the flywheel in this system is a torque converter that contains an impeller, a turbine and a stator which ultimately drives the gearbox. The gearbox uses planetary gears where one central gear is orbited by smaller gears connected to a ring gear. The smaller gears are always engaged and rotate between the central and ring gears and as the torque converter spins it drives a pump which pumps fluid inside the gearbox. This fluid acts on a series of brakes and clutches with the aid of sensors and values operated by the ECU that demands the vehicles speed. The brakes and clutches hold some gears while allowing other to turn producing different gear ratios. (Haynes 2017)





[bookmark: _Toc38403139]1.2.2 Differential 
A differential solves a problem in cars, where when cornering, the outside wheels needs to rotate faster than the inside wheels. This is exactly what a differential does, the system allows the drive wheels to rotate at different speeds where the wheel with least resistance is fed the most power. One problem with this basic design is that it is unsuitable for slippery surfaces. This is where more complicated differentials are involved like the limited slip differential. A note to add is that motorcycles lack a differential because they only have two wheels. 
In a basic system the differential splits the power from the gearbox output shaft into the two axles as well as changing the power flow towards each wheel. The system uses a ring and pinion gear connected to spider gears which is free to spin on its own allowing for each wheel to get different levels of power depending on which has least resistance. (Haynes 2019) (Learn Engineering 2014)
[bookmark: _Toc38403140]1.2.3 Gear Ratios 
A gear ratio is the number of rotations of a driver gear to the number of rotation of a driven gear in a gearbox. For example, for every rotation of a 30-tooth gear the15 tooth connected gear will rotate 2 times. This means the gear ratio is 2:1. This means the rotation of the 30-tooth gear will have twice as much torque whilst spinning at half the speed. This is because torque is measured by the turning effort applied to the shaft. This means that by using gear ratios you can multiple the torque created by the engine. For example, if your engine creates 50 Nm of torque, using a gear ratio of 2:1 you can apply 100 Nm of torque to the drive wheels.
The types of gears typically used in a gear box are helical and spur gears. A spur gear is the most basic gear where the teeth are parallel and aligned with the other gear. This is typically unsmooth and noisy but the easiest to manufacture. Helical gears are essentially spur gear but with helix teeth. Straight teeth that are skewed from the centre line of the gear. This allows for quieter operation and more force. (Collins 2018) (KHK Stock Gears 2015) 


[bookmark: _Toc38403141]CHAPTER 3.0 EXPERIMENTAL PRODCEDURE
[bookmark: _Toc35827454][bookmark: _Toc38403142]3.1 Equipment 
BMW S100RR 
The BMW S1000RR is a road going superbike with a claimed 198 bhp at 13500 rpm and 113Nm of torque at 10500rpm from the 999cc, 16 valve inline four cylinder engine. The bike weighs 204kg and has a top speed of 311 kmph. (MCN 2020)
Chassis Dynamometer 
Also known as a rolling road. To operate the vehicle being tested is placed on top of the system with the wheels placed on the two “rollers” front and back to represent a road surface. The vehicle then accelerates, and the resistance is either measured using a brake resistance measurement or an inertia measurement system.
[bookmark: _Toc38403143]3.2 Chassis Dynamometer Test Methodology 
1. Roll the vehicle onto the chassis dynamometer 
2. Strap the vehicle on the dyno at the front and rear using a triangle shape to ensure the vehicle is secured safely using hooks to attach straps to vehicle
3. Place the vacuum pipe on the exhaust and turn on the extraction system
4. Turn on the engine and choose gear to test
5. To test accelerate from 30 mph to the maximum rpm
6. Pull in the clutch to test transmission efficiency
7. Decelerate to idle and switch off vehicle 
8. Collect data 

[bookmark: _Toc38403144]3.3 Excel Methodology 
1. Open collected data in Excel document
2. From data calculate:

a. Transmission Efficiency
b. Torque at wheels 
c. Tractive Effort across entire engine speed range
d. Final Drive Ratio
e. Maximum tractive effort in each gear
f. Speed Ratio
g. Theoretical intermediate gear ratios
h. Drag power 
i. Maximum road speed using drag power
j. Maximum Road speed for each gear 




[bookmark: _Toc38403145]CHAPTER 4.0 RESULTS
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[bookmark: _Toc38403146]CHAPTER 5.0 ANALYSIS
[bookmark: _Toc38403147]5.1 Formulas 

List of Symbols 
Torque (N/m) = T
Primary Ratio = p
Final Drive = f
Gear = n
Transmission Efficiency = η
Rolling Radius (m) = R
Tractive Effort = TE
Engine Speed (RPM) = N
Velocity (m/s) = V
Drag Coefficient = Cd
Frontal Area = A
Headwind (m/s) = V0



1) Calculating Transmission efficiency (η)



2) Calculating Torque at Wheels
η


3) Calculating Tractive Effort (TE)

	
4) Confirming Final Drive as 2.65:1  


5) Calculating Tractive effort in each gear 

6) Calculating Speed Ratio 


7) Calculating theoretical intermediate gear ratios

	1st ratio = n1
	2nd ratio = n1 x speed ratio
	3rd ratio = n1 x speed ratio x speed ratio
	4th ratio = n1 x speed ratio x speed ratio x speed ratio
	5th ratio = n1 x speed ratio x speed ratio x speed ratio x speed ratio


8) Calculating Maximum Road speed		


Air density at Sea Level sourced from http://fisicaatmo.at.fcen.uba.ar/practicas/ISAweb.pdf 

9) Calculating Maximum road speed in all gears with N at 14200rpm:

















[bookmark: _Toc38403148]5.2 Calculations 

[bookmark: _Toc38403149]5.2.1 Transmission Efficiency 
[image: ]
The transmission efficiency calculated by dividing the power at engine and wheels shows us that it loses 10% of the power from the engine to the wheels (15.9 kW). This loss in power could be because of any of the components in-between the power flow from the wheel to the engine such as the clutch. the gearing in the gearbox or the sprocket. The power is distributed across multiple components and therefore power is lost. (Pratte 2020) 
[bookmark: _Toc38403150]5.2.2 Final Drive
[image: ][image: ] 

The calculated final drive is 0.04 off the given value. The final drive being the number of times the crankshaft spins compared to the wheel. The value being slightly off the manufacture specification could be because the test was slightly different in environmental condition from the manufacture test and/ or the bike could be worn. The bike could have been achieving a different velocity on the dynamometer to the manufacture bike, where V (Velocity) in the final drive equation is the mostly likely changing variable 
[bookmark: _Toc38403151][image: ]5.2.3 Maximum Tractive Effort 




The tractive effort can be seen decreasing in value from 1st to 6th gear. This is because tractive effort is calculated through torque, and the first gear has the greatest torque with the highest gear ratio of 2.65:1. Meaning the torque is 2.65 times greater than at the crankshaft. The vehicle has the greatest torque and tractive effort in first gear. This could be because it allows the vehicle to accelerate from a standstill because from stationary is where there will be the greatest tractive resistance with the vehicles weight needed to be moved, whereas if the vehicle is already moving it has momentum and therefore has less resistance. Having high torque in low gears allows for the vehicle to overcome steep gradients where high tractive effort is needed to overcome gradient resistance. (Car Tech 2019) 






[bookmark: _Toc38403152]5.2.4 Speed Ratio
[image: ]
The speed ratio is calculated by dividing the rpm where peak torque occurs and the rpm that peak power occurs. 
[bookmark: _Toc38403153]5.2.5 Theoretical Gear Ratios
[image: ][image: ]
The theoretical ratio is calculated by multiplying the first gear ratio with the speed ratio and then increasing the times the speed ratio is multiplied as you go up the gears. The results from the theoretical gear ratios are accurate for the first and second gear both only being 0.3 out of the actual value.  However, from the fourth to sixth value the theoretical value is inaccurate. This could be because the values are worked out from first gear. Or could be because the bike is performance orientated it favours acceleration which means the gears are favoured for high torque and therefore isn’t a good representation of the rest of the gears. 
[bookmark: _Toc38403154]5.2.6 Maximum Road Speed in Gears
[image: ]
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[image: ]Motoperf.com (2020)






The maximum road speed for each gear, calculated by multiplying the circumference of the wheel by the rpm and diving by 60 to give you radians, then multiplying by primary, specific gear ratio and final drive gives you the maximum road speed for each gear, by comparing them to the specification velocity is marginally less then stated. This could be because the 14500rpm was used for the calculation and perhaps isn’t the optimum engine speed.   

[bookmark: _Toc38403155]5.3 Graphs 

[bookmark: _Toc38403156]5.3.1 Torque at the Wheel
[image: 2019 BMW S 1000 RR M Review | Motorcycle Test | MCNews.com.au]Looking at figure 3 we can see that the torque increases from 1960 rpm at 67 Nm to the peak torque at the wheel at 10600 rpm at 330 Nm and then decreases to 13920rpm at 246 Nm. More specifically the increase in torque from1960 to 3000 rpm is the steepest gradient. Then it continues in gradient up to 10600 rpm with a dip in gradient at 7500 rpm. The negative gradient after 10600 rpm decreases to 13500rpm and then drops of significantly until 14000rpm where the test ends. The bike manages to stay over 250 Nm for a range of 8000rpm. Comparing to an engine dynamometer torque curve seen in figure 3, it also achieves peak torque at 10500rpm which is the official figure of rpm that it achieves peak torque in the specification. This also shows a dip in gradient at 7500 rpm. This could mean there is a feature in its design that does this and is not the bike that was tested itself. One reason the bike achieves higher torque at higher rpm is potentially because a bike that has high torque at low end will be unsafe and potentially lift the front wheel under minimal amounts of throttle causing the bike to be unsuitable for low speed riding. Figure 3 (Motorcycle News 2019) 
Figure 2


 
[bookmark: _Toc38403157]5.3.2 Tractive Effort 
[bookmark: _Toc35827458]Looking at figure 4 we can see it is directly proportional to figure 2. This is because it is calculated by torque at the wheel divided by the wheel radius, where the wheel radius doesn’t change.  The bike achieves peak tractive effort at 10500rpm of 1048N. This shows us that to achieve maximum performance in the bike and to overcome tractive resistance, the bike needs to be at higher rpms to gain the most tractive effort, specifically 10500rpm. This theoretically will cause the greatest acceleration possible by the bike. Figure 4



[bookmark: _Toc38403158]5.3.3 Maximum Road Speed Accounting for Drag


Figure 5
[image: ]
[image: ]Figure 6


[image: ]




Figure 7 (Motoperf.com 2020)


Looking at figure 5 and figure 6 shows that the maximum velocity possible. This is calculated by finding where the wheel power and drag power are equal to each other. This means the wheel cannot produce enough power to overcome drag and the vehicle will reach terminal velocity. In this case at sea level the maximum speed this bike can reach is 269.65 km/h in 5th gear. This is 18kmph less than the stated figure for 5th gear seen in figure 7 A reason for this could be because the frontal area of the bike stays the same at 0.75m^2 at all speeds. Considering the rider is factored in this area, a rider achieving top speed could reduce the frontal area by tucking in their body behind the screen. This could have significant effects. We can also see that the bike achieves top speed in this test at 13670 rpm. This coincidentally is near rpm that the torque and traction graphs show a decrease in their relative values. If this test was taken at a lesser air density, theoretically the frame of the bike could achieve a higher top speed. However, when considering this, the engine would lose performance and therefore it would be predicted not to have much difference at the overall top speed. 

[bookmark: _Toc38403159]CHAPTER 6.0 CONCLUSION

[bookmark: _GoBack]In conclusion the results for engine performance matched the figures of the manufacture. The power at the engine displayed as 151.9 kW achieved at 13420 rpm compared to the manufacture specification of 152 kW at 13500 rpm.  The engine torque displayed as 114.3 Nm at 10745 rpm compared to the manufacture figure of 113 Nm at 10500 rpm. However, the results for the maximum speed didn’t match the manufacture figures with the maximum speed accounting for drag in 5th gear not achieving the value by 18 kmph and the 6th gear calculation not achieving the maximum speed by 5 kmph. This could be because the manufacture figures were taken in a different environment to the test that was taken in this report, or the dynamometer was different or the bike has mechanically worn since it came out the factory.  

[bookmark: _Toc38403160]CHAPTER 7.0 EVALUATION

[bookmark: _Toc35827459]This report was successful in analysing the performance data of the BMW s1000rr finding similar values for the bike compared to the manufacture in most areas. Detail was also found about the transmission and gearing. However, it there was further work was to improve on this report. The dip in the torque curve at 7500 rpm could be investigated further. The theoretical gear ratios and why they were different to the real ratios could be researched further. And the effect of a smaller frontal area could be tested to see the affect as well as the difference of top speed at different air densities. 
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Torque at the Wheel
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Torque (n/m)



Tractive Effort 
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