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1.0 Introduction

This report is designed to carry out a transmission analysis of a BMW s1000rr 2018 and to calculate the transmission efficiency, torque at road wheels, the final drive ratio, the maximum tractive effort in each gear, the speed ratio, the theoretical gear ratios, the drag power and the maximum speed in all gears.
A sweep test is carried out at 5th gear to gather all the necessary data for this report.

[bookmark: _Toc38402039]2.0 Research

There are two main types of dynamometers, one attaches to the crankshaft and measures the force. More specifically it measures the torque from the engine against a braking force. The engine of the vehicle needs to be removed from the chassis to be tested and can be used to build and improve racing engines.
The other type of dyno that is used in this report is a chassis dynamometer, also know as a rolling road. It consists of rollers that the vehicle is driven on. The process of the chassis dyno is far quicker to tests the vehicles power output than the engine dyno. Measurements can be taken in under 10 minutes. (Citation 1)

[bookmark: _Toc38405395]Table 1 : Bike Specifications
	BMW S1000 RR Specifications

	Mass
	208kg

	Engine	
	999cc

	Cd
	0.75

	Frontal Area, A
	0.7m^2

	Max engine power
	152kW @ 13500rpm

	Max engine torque
	113Nm @ 10500rpm

	Max engine speed
	14200rpm



[bookmark: _Toc38405396]Table 2 : Gear Ratios
	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





[bookmark: _Toc38402040]3.0 Analysis

The following calculations were made. (Citation 7, Assignment Brief)
-
 = 0.897419 kW
This value means the bike is running at roughly 90% efficiency. This is an expected value as the bike is fairly new and a small drivetrain.

- 
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[bookmark: _Toc38405400]Figure 1 : Torque against Engine Speed

From the graph seen in Figure 1, the test starts at around 2000rpm with 200N/m of torque and as the engine speed increases, the torque also increases. It is around 10500-11000rpm where max torque can be observed. The torque starts to decrease after this. There are many reason why this could be the case, some of which are the rider could have come off the throttle and the bikes momentum is propelling it forward with only the resistance of the rolling road to bring the bike to rest or the rider has started braking.
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[bookmark: _Toc38405401]Figure 2 : Tractive Effort against Engine Speed

The graph in Figure 2 shows the increase of engine speeds increase the tractive effort. Tractive effort is the force required to overcome obstacles such as, friction, air resistance and inclines. If the tractive effort is equal to the resistance, being drag and friction, the bike would be at constant velocity or have no velocity. If the tractive resistance is greater than the tractive effort, the vehicle speed will decrease and if the tractive effort is greater than the tractive resistance the vehicle will start to accelerate. The graph shows that after 13000rpm the tractive effort starts to decline, thus stating that the tractive resistance is greater that the effort and is decelerating and coming to rest, this is because the rider most likely has let off the throttle. Resistance comes in many forms, the quality and composition of the tyre is a major factor as when the rubber increases in temperature, so does grip and friction. The seating position is very influential in the max speed produced, which is why sport bikes and the bike used in this report adopt a hunched riding position to make the rider lean over the tank and decrease the frontal area, which in turn decreases air resistance. (Citation 2, thecartech.com)
Higher altitudes mean less achievable power as there is less oxygen in the air and can lead to a sluggish engine performance as the internal combustion engine is receiving less air. For every 1000 feet of altitude gained, it is expected to lose 3% of its rated power. (Citation 4, jiffylubesocal.com.) Driving from Swansea sea level to the Black Mountains, you can expect to lose 6% engine power due to the 2000ft altitude difference. (Citation 3, routecalculator.co.uk.)
The graph shows the around 675N of force is required to propel the bike forwards from rest. This indicated that the tractive effort is greater than the resistance and is able to accelerate.
The max road speed is dependant on the final drive ratio, friction, air resistance(Pdrag) and the maximum power at the wheels.
-
The average of these final drive values is 2.698247835, this is close to the given 2.65 final drive value. This could be due to the manufacturing process of parts where the tools have been worn down slightly. 
-
[bookmark: _Toc38405397]Table 3 : Tractive Effort for Each Gear
	Max Tractive Effort (N)

	1st Gear
	3777.74726

	2nd Gear
	2979.430858

	3rd Gear
	2466.227457

	4th Gear
	2138.347506

	5th Gear
	1938.768405

	6th Gear
	1796.211905



The max tractive efforts seen in Table 3, indicate that the first gear has the highest value, which is expected because first gear is used to start moving from rest and to drive up inclines. Progressively the values decrease for each gear, which is also expected as the gears 2-4 are generally for accelerating and gear 5 is for high speed cruising and gear 6 is to put less stress on the engine at high speed cruising.
-
-Theoretical Gear Ratios





[bookmark: _Toc38405398]Table 4 : Theoretical Gear Ratios
	Theoretical Gear Ratios

	1st
	2.122611827

	2nd
	1.700181498

	3rd
	1.361820889

	4th
	1.090798915

	5th
	0.873714218



Gear Ratios refer to the number of teeth between the front and back sprockets. This translates rpm to wheel speed. The gear ratio determines the amount of power to the wheel. An almost 2:1 ratio seen in the 2nd gear translates to higher torque output at lower speeds this is for the obstacles such as air resistance starting resistance. An almost 1:1 ratio seen in gear 5 translates to less torque at higher speeds this is because the bike is already in motion and has more momentum at higher speeds. 
 air density to be 1.225kg/m^3 (Citation 5, thoughtco.com)
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[bookmark: _Toc38405402]Figure 3 : Pdrag against Speed


The graph is Figure 3 shows the maximum power of 142.789642 kW when traveling at a speed of 76.291667 m/s. The graph also shows that with the increase of velocity, an increase in Pdrag can be observed. This indicated that velocity and Pdrag are proportional to each other.
-Max Road Speed in all gears, N must be 14200rpm

[bookmark: _Toc38405399]Table 5 : Max Road Speeds
	Max Road Speed [km/h]

	1st
	145.35441

	2nd
	184.30105

	3rd
	222.65272

	4th
	256.7928

	5th
	283.22735

	6th 
	305.70571



The data in Table 5 shows the perfect circumstances and the max road speeds that can be achieved with them. This however would be impossible to achieve due to friction, the rider and many other factors. The sizable change in max speed from gears 1-4 is expected as gear 2-4 are known as the accelerating gears, while gears 5 and 6 are known as the high-speed cruising gears. (Citation 6, bikebandit.com.)[image: ]

[bookmark: _Toc38402041]5.0 Conclusion

From this report it can be seen that the bike is relatively new and in good condition, the values calculated support this. All task specified for the report have been completed and have given expected results. 

[bookmark: _Toc38402042]6.0 Further Work
Ideally with unlimited money and time, the 2018 BMW s1000rr would have been tested in different conditions and related to each other to see how different climates effect the performance of the bike. Different altitudes would be tested as well. I would also like to experiment with different tyre compositions and the temperature of thee tyre to see how it would affect the data collected and calculated.
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