

[image: ]

[image: ]
POWERTRAIN TECHNOLOGY
Technical report

Contents





List of figures

[image: ]


[bookmark: _Toc37930567]1.0 Introduction:

The following technical report aims to understand how a transmission system works on a road vehicle. It will first look at what is the purpose of a transmission in a vehicle, what is it composed of and will show the different application of a transmission system. The report will then go through a performance test on a rolling dynamometer in order to collect real life data. Finally, a series of calculation will be created from the data collected, that will help to interpret every aspects of the transmission behaviour. Graphs and tables will be discussed in order to understand how a transmission system behaves on a motorbike.



[bookmark: _Toc37930568]1.1 Research/Background: 

On road vehicles, the transmission system is the device that transfers the rotary motion from the engine crankshaft to rotary motion at the wheels. Evolution of basic requirements from vehicle users made an impact on the design of transmissions systems. Drivers needed to be able to use their vehicle in different conditions (going uphill, taking corners, reverse the vehicle), hence a transmission system needed to be controllable and fully adjustable to the driver’s needs, at all times. 
Over the history, engineers and manufacturers around the world designed and produced all the components that makes a transmission system as it is known today in order to meet drivers’ requirements. The different components of a conventional transmission in a rear wheel drive car are the following:
In a manual transmission application, the clutch assembly is the device that allows a smooth and switchable connection between the rest of the transmission and the engine crankshaft. It is composed of three elements, the flywheel, the friction plate and the pressure plate. 
The principle part of the transmission is the gearbox. The gearbox is the device that allows the driver to have a total control over torque and speed needed for the vehicle regarding the driving situation. It is composed of a complex assembly of gears and shafts
In a RWD application, the drive shaft is the component whose connects the gearbox to the differential. It is usually made out of hight strength material as it has to deal torsional stress. In some cases, the driveshaft is also equipped with universal joints or could be a combination of shafts and universal joints. (ref)
The differential is the device that split the rotary motion from the driveshaft to the two driving wheels (Summerfield. A (2020) Powertrain Technology Semester 2 handout)




[bookmark: _Toc37930569]2.0 Experimental Procedure:

A rolling chassis dynamometer is used on the vehicle for the performance data collection. The vehicle involved in this test is the BMW S1000 RR. 
Here are the BMW S1000 RR factory performance specifications and gear ratios:
[image: ]
[bookmark: _Toc37939418]Figure 1: Vehicle Characteristics


[bookmark: _Toc37930570]2.1 Safety checks:

Before starting the test, the vehicle is carefully placed on the 2 wheels dyno in the vehicle lab. The motorbike is maintained in place with straps carefully placed at the front on the both sides of the fork and at the rear on the subframe. Straps are attached from the dyno to the bike in a triangle shape for a less bouncy effects when running the test.  A vacuum pipe from recirculation system is then plugged on the exhaust end. Room’s Co2 and NOx detectors are located as well as fire extinguisher for safety and emergency purpose. Emergency exits are also pointed out by the supervisor.
Safety measures are the following: Personal protection equipment such as safety boots and pants must be worn at all time during the test session. Ears protection must be worn while running the engine. 
Now that the bike is secured on the dyno and people in the room are aware of safety procedures, the tests may begin. 



[bookmark: _Toc37930571]2.2 Mechanical procedure:
 
Engine performance Data is collected on the dyno computer from an OBD connector plugged into the bike’s ECU. The program will read real time performance data from the ECU such as engine speed, throttle position, air fuel mixture as well as engines diagnostic tool. 
The dynamometer rollers system himself will give data to the computer about torque at the wheel, power at the wheel, wheel speed and vehicle’s overall drag. The data recording begins when the roller is activated. When the test starts, the driver squeezes the throttle handle from 1960rpm to 13920rpm. When maximum engine speed is reached, the driver presses the clutch and releases the throttle simultaneously. The rear wheel will slow down gradually by itself. When running a dyno test on a vehicle, it is recommended for accuracy purpose, to use the gear with a gear ratio as close as possible to 1:1 (Torque development International (2020) Dyno Testing-What gear is best?). In this case the 5th gear has the theoretical gear ratio the closest to 1:1.
The data collected during test session will be used into formulas of calculation for further analysis using Microsoft Excel program. Formulas used in the excel spreadsheet will be detailed and explained in the Analysis section of the report.



[bookmark: _Toc37930572]3.0 Results:

The Data collected from the test session gives details about engine power, engine Torque, power at the wheel, drag power, and velocity with and increasing engine speed of 5 rpm from 1960 rpm to 13920 rpm. The results sheet also includes gear ratios for each gear including final drive ratio. Rolling radius and detail of vehicle masse is also included.
The rolling radius is the overall radius of the rolling wheel from the very centre of the wheel axis, to the maximum tyre tread (C. Taylor (2020) was a useful source of information).
In this case, as the vehicle used is a motorcycle, the final drive represents the ratio between the primary sprocket (on gearbox shaft) and the secondary sprocket (on rear wheel). Both being linked by a chain.
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[bookmark: _Toc37939419]Figure 2: Raw Data from dyno test


[bookmark: _Toc37930573]4.0 Analysis:

The formulas used for the calculation on the excel spreadsheet are the following:
Symbols: 
f = Final drive ratio
P = Power
Cd = Coefficient of drag
A = frontal area 
R = Rolling Radius
V = Velocity
T = Torque
N = Engine speed
ƞ = Transmission efficiency 
p = primary gear ratio
n = Selected Gear ratio
TE = Tractive effort
ρ = Density of Air 

I) Convert velocity in km/h into base unit m/s: 
v(m/s) = v(km/h)/3.6
II) Transmission efficiency, ƞ =  
III) Torque @ Wheel, T = T @engine x p x f x n x ƞ
IV) Tractive effort, TE = 
V)  Calculate final drive ratio with formula V =  
Rearranged to find final drive, f = 
Select results and make an average of it.
VI) Maximum TE in each gear, TE = 
VII) Speed ratio = 
VIII) Theoretical gear ratios:
	1st gear = 1st gear ratio
	2nd gear= 1st gear ratio x speed ratio
	3rd gear = 1st gear ratio x speed ratio^2
	4th gear = 1st gear ratio x speed ratio^3
	5th gear= 1st gear ratio x speed ratio^4
	6th gear = 1st gear ratio x speed ratio^5
IX) Pdrag:
ρ = 1.225kg/m³
Cd = 0.75
A = 0.7m²
V = Velocity in m/s
Formula: Pdrag (kW) =( 
X) Maximum road speed verification:
Engine P = 155kW x 1000 = 155000W
Formula: V = (2 x P / (Cd x ρ x A))^
(allmediamath (2013) How to calculate maximum car speed) 
XI) Max road speed in all gears:
N = 14200rpm
Formula: V 


 The excel spreadsheet being completed, the report will now have a look and compare the outcomes of Excel calculations from collected data against with theorical data.
[image: ]Graph n°1 shows Torque at the wheel over engine speed (rpm). The curve is constantly increasing from 1960rpm to 10750rpm. The curve is then stable until 11500rpm and suddenly decreasing until 13920rpm (max rpm). It is understandable that the torque at the wheel curve reaches its peak around 10750 rpm as max engine torque is supposed to be at its max at 10565 rpm according the vehicle factory specifications. The curve keeps going and decreasing after max engine torque due to wheel moment of inertia. (VeloNews, (2018) Calculating a wheel’s moment of inertia). [bookmark: _Toc37939420]Figure 3: Graph n°1 (Wheel torque over engine speed)




[image: ]Graph n°2 shows tractive effort (N) over engine speed (rpm). The curve is increasing from 1960rpm to 10750 rpm. After that period, the curve is stable until 11000rpm and suddenly starts decreasing until 13920rpm. The TE curve is identical to wheel torque curve seen previously as it simply includes the parameter of wheel radius. The transmission efficiency is up to 89.7% which means that almost 90% of the power created by the engine is transmitted to the ground from the tyre. It also works the same for engine torque (Karim Nice, 2001, was a useful source of information).[bookmark: _Toc37939421]Figure 4: Graph n°2 (TE over Engine speed)

[image: ]Graph n°3 shows the Pdrag (kW) over vehicle speed (km/h). During the test period, the curve is exponentially increasing from 38.5km/h until 274.56km/h. As the velocity increases, Pdrag increases proportionally. The more the vehicle’s gaining speed; the more drag is created which applies more resisting force on the vehicle. In this case, the maximum achievable road speed is reached when the amount of Pdrag is equal to the amount of power at the wheel. The maximum road speed is 272.26km/h when power at the wheel is at 129.4kW and Pdrag is at 139kW. Pdrag is higher than power at the wheel which results in the vehicle to not accelerate anymore and stabilise at a certain speed (Elert.G, 2020).[bookmark: _Toc37939422]Figure 5: Graph n°3 (Pdrag over velocity)





[image: ]Tractive effort table here shows the maximum tractive effort (N) in each gear. Tractive effort represents the quantity of motion force applied from the wheel to the ground.
As seen on the table, the max tractive effort is higher on lower gear and significantly decreases on higher gears. It means that the gears ratios are set up to give the vehicle a greater force on lower gears to make the vehicle gain speed quickly. It also means that Less and less force is needed when vehicle has gained speed as it is already in motion (Elleray, (2010) was a useful source of information).[bookmark: _Toc37939423]Figure 6: Table Maximum tractive effort









The theoretical final drive ratio from factory vehicle’s specifications is 2.65:1. The calculated from real data ratio is 2.69:1. The small difference in ratio values indicates that, on a motorcycle, the final drive could easily be impacted with variations. Tyre expansion has a big role is this. Even if tyres have such strong structure and can resist to deformation. At such high speeds, the tyre of the bike may change its shape. It is called radial expansion. It could change the ride height as well as the final drive ratio as it changes the rolling radius of the overall wheel. (Hejmánek, Vančura (2015), was a useful source of information).




Here is a OneDrive link to the excel spreadsheet including the collected data and the formulas explained previously:

https://uowtsd-my.sharepoint.com/:x:/g/personal/1901530_student_uwtsd_ac_uk/Ee1_DavoubNKnI8YMYoeXv4B1zxr1a-g2pNCktMcl3sleg?e=1B2mPr




[bookmark: _Toc37930574]5.0 Conclusion:

The factory specifications of the BMW S1000 RR 2018 meet the calculated specifications on the excel spreadsheet from collected data. The power or the torque at the wheel mainly depends on the engine outputs but is certainly affected by the transmission system. How the vehicle behaves and its performances depends a lot on the transmission system design. Especially how the gear ratios are set up.



[bookmark: _Toc37930575]6.0 Evaluation:
 
No struggle or difficulties found while completing this report as all the tasks were perfectly clear and easy to follow.

[bookmark: _Toc37930576]7.0 Further work:

For more reliability, it could have been interesting to perform the same dyno test on the same vehicle, with a different air density. The higher altitude results in a less dense air. See how the bike behaves and analyse the differences with sea level test (Engineering toolbox, (2003) Air - Altitude, Density and Specific Volume).
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Tasks

1. Carry out the performance data collection exercise using the vehicle provided on the chassis dynamometer —
‘working group.
2. Select a specific gear ratio, different engine and road speeds, record tractive effort and power at the road
‘wheels — working group.
3. From the data collected calculate:
a. The transmission efficiency.
b. Torque at the road wheels, produce a Torque vs Engine Speed graph.
¢ Calculate the Tractive Effort across the engine speed range, and produce a graph of TE vs Engine
speed.
‘The final drive ratio (confirm as 2.65:1)
‘The maximunn tractive effort available in each gear.
“The speed ratio.
‘The theoretical intermediate gear ratios
Calculate the drag power for all values of road speed and construct a graph of By, against V to find
the maximum road speed achievable one a level surface with no headwind.
‘The maximurm road speed in all gears.
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BMW 51000 RR Specifications

Mass 208kg
Engine ss0cc
od 075
Frontal Area, A 07m?
Max engine power 152kW @ 13500rpm
Max engine torque 113Nm @ 10500rpm
Max engine speed 14200r0m
Ratios
Primary 1652
1 gear 2647
P 2081
B 1727
4 1500
5 1380
6 1261
Final Drive (sprocket) 2647
Page2of8
Calculation Gui

Page20f8 3172words [[¥ English (United Kingdom) & B -— b+ 1





image7.tmp
Home Inset Pagelayout Formulas Data  Review View  Help Tell me what you want to do

A B C D E F G H ! J K L M N o P Q R s B
2,
3 Ratios
4 Primary 1.652
5 | 1st 2.65 Maximum Values
6 2nd 2.09 PEngine 155 kw
7| 3rd 173 PWheel 139.1 kw
8 | 4th 15 PDrag  15.9 kw
9 | sth 1.36 at 13190 rpm
10 | 6th 1.26 2648  km/h
1| Final drive (f) 2.65 T 1143 Nm
12 | at 10565  rpm
13 Rolling Rad 0.315 m 212.1 km/h
14|
15 | Mass Net 208 kg
16 | Fuel Mass 15 kg
17 | Rider Mass 70 kg
18 Mass Tot 293 kg
19 |
20 |
21 | EngSpeed Engpower EngTorque Power @ Wheel DragPower Velocity
22| nirpm] P-norm [kW] ~ M-norm [Nm] P-wheel [kW] P-drag [kW] v [km/h]
23| 1960 5.01 24.83 4.462 0.647 38.55
24| 1965 5.071 25.069 4523 0.649 38.85
25| 1970 5.132 25.306 4.584 0.65 38.95
26| 1975 5.193 25.542 4.644 0.652 39.05
27| 1980 5.254 25.777 4.705 0.654 39.15
28| 1985 5.315 26.01 4.765 0.655 39.25
29| 1990 5.376 26.243 4.826 0.657 39.35
30| 1995 5.437 26.474 4.886 0.659 39.45
31| 2000 5.498 26.704 4.947 0.66 39.55
32| 2005 5.559 26.933 5.007 0.662 39.65
33 2010 5.62 27.161 5.068 0.664 39.75 -
BMW1000rr 2018 KW rpm [C] < v

Ready





image8.png
Torque (Nm)

1200

1000

800

600

400

200

Torque @ wheel, T [Nm]

2000

4000

6000 8000 10000 12000
Engine speed (RPM)

14000

16000

—e—Torque
@ wheel
T[Nm]




image9.png
TE(N)

3500

3000

2500

2000

1500

1000

500

Tractive effort, TE (N)

0

2000

4000

6000 8000 10000 12000
Engine Speed (RPM)

14000

16000

—e—Tractive effort TE (N)





image10.png
P Drag (kw)

160
140
120
100

80

40
20

Power Drag (kW)

50

100

150
Velocity (km/h)

200

250

300

—e—PDrag kW





image11.emf
Ratios

Theoretical Gear Ratios Max tractive effort

Primary 1.652 N

1st 2.65 3777.74726

2nd 2.09 2.122611827 2979.430858

3rd 1.73 1.700181498 2466.227457

4th 1.5 1.361820889 2138.347506

5th 1.36 1.090798915 1938.768405

6th 1.26 0.873714218 1796.211905

Final drive (f) 2.65


image1.png




image2.png




