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Abstract – In section 3.0 the author has mentioned how you select the correct WLTP for your vehicle. The author has covered how to calculate tractive and braking energy accounting for wheel, engine and driveling inertia. This assignment also shows how to figure out the requirements needed for KERS and what System and components the author has used to improve the fuel consumption of a MX-5. The author has then showed and calculated the KER recovered over the whole WLTP.
1.0 introduction

To Analyze the effects of introducing an internal Combustion Engine (ICE) stop-start strategy, in combination with a Kinetic Energy Recovery System to reduce vehicle fuel consumption.  

1.1 vehicle of choice

To analysis the effects of introducing an internal combustion engine stop-start strategy, in combination with a kinetic Energy recovery system in order to reduce vehicle fuel consumption the author has chosen a Mazda Mx-5 Mk1 to demonstrate the benefits. The Mx-5 was first launched in 1989 and is an RWD open top sportscar with an 1.6 litre, inline four engine with a 36 miles per gallon fuel consumption. Regenerative breaking can improve fuel consumption by 10 t0 25%, hence why KERS should improve fuel consumption significantly. 
Figure 1.0 Mazda MX-5 
The tractive effort is obtained by multiplying the torque by the total ratio of power train and dividing this sum by the rolling radius of the driving tyres. r = Rolling radius of loaded driving tyre in inches.
2.0 Required dynamic characteristics of the vehicle
	Test mass (Kg)
	960

	Frontal Area (m^2)
	1.711274

	Rolling resistance coefficient
	0.01

	Coefficient of drag 
	0.38

	Power (W)
	85000

	Top gear ratio 
	0.814

	Wheel rolling radius (m)
	0.288

	Wheelbase (cm)
	226

	Final drive ratio
	4:3.1

	W/Kg Ration
	88.5416667

	V max (Km/h)
	195


Figure 2.0 Specification of MX-5 table
Value for the Mazda mx-5 NA was found on vehicle manuals from Mazda.
3.0 Worldwide harmonized Light vehicle Test Procedure
As the ratio of rated power in W / kerb mass in kg  >  34 than a class 3 (version 5) WLTP Is used. [What does WLTP mean? WLTP stands for Worldwide Harmonized Light Vehicle Test Procedure and is the most recent testing process for measuring new car fuel economy, electric driving range and emissions.]
Chosen WLTP:
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3.0 WLTP (m/s)
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3.1 WLTP (Km/s)
Figures 3.0 and 3.1 shows the vehicles speed during the whole WLTP cycle and gives the author /reader a clear understanding where acceleration and deceleration zones are. 
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4.0 cumulative tractive energy required at the wheel over the WLTP cycle
This graph shows the cumluative tractive energy required at the wheel over the whole WLTP cycle accounting for the inertia fromt the wheel,driveline and engine. The wheel, driveline and engine inertia calculation can be seen in section 4.4.
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Figure 4.1 Braking energy During WLTP cycle

This graph shows the cumulative braking energy required at the wheel over the WLTP cycle accounting for wheel, driveline, and energy inertia. This graph will help the author to calculate the largest possible KERS power input and energy storage requirements. These values will then allow the author to define the system requirements for the KERS being used. 
4.2 Tractive and braking energy 
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Figure 4.2 Braking and tractive energy during WLTP cycle

This graph shows the largest possible areas for KERS recover that can happen during the WLTP.
The difference in tractive and braking energy is due to the frictional losses from the vehicle. 

4.4 Inertia of wheel, engine, and driveline Calculations
Using figures from figure 1.0 to calculate inertia of wheel, engine, and driveline. 

Calculating radius of tire from the diameter of their tire. 
Radius of tire = 0.288

Wheel Inertia = Mk^2                                                          (1)
Wheel inertia = 5.760*(0.9*0.288) = 1.1493Kgm^2 per wheel.                                                                                       (3)

Next calculating engine and driveline inertia.                                                                               
Engine inertia + (Gfd^2/radw^2 * inertia)                  (4)
equivalent mass= Actual mass+ 4(Wheel inertia*wheel rolling radius) + (engine and driveline inertia/ wheel rolling radius*4.3^2)                                                           (5)
Using Excel spreadsheet to calculate the equivalent mass and then using the equivalent mass to calculate the KE energy required for breaking every m/s. Then calculating the difference in each m/s to calculated acceleration. Then calculating the sum of each braking or acceleration zone. Next converting joules to Kw/h to plot the graph. 
4.5 Calculating total resistance
Rolling resistance and Coefficient of drag must be accounted for during the WLTP cycle. The following calculations were used;
Total Resistance = ((Equivalent mass*9.81) *Rolling resistance) + ((Equivalent mass*9.81)* Coefficient of drag)

This total resistance values were then taken away from the braking energy and added to the tractive energy for each second during the WLTP cycle. 
5.0 KERS   power   input   and   energy   storage   requirements.
Largest possible KERS power input ad energy storage requirements 
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Figure 4.4 Zoomed in 4.3 figure to show largest possible KERS power input ad energy storage requirements
Two braking sections were selected to work out the largest possible power input and energy storage requirements 
	Storage Required (Kw/h)
	Time(s)
	Time (Hrs)
	Storage Required (Kw)

	0.125414978
	143
	0.03972222
	3.157300163

	0.023794254
	68
	0.01888889
	1.259695793


Figure 4.5 Table of energy storage requirements and possible KERS power input
The storage requirements were calculated by working out the largest possible KER during the WLTP, then the time it took for the vehicle to break during this section was calculated, so the Kw/h could be converted to Kw. 
6.0 chosen KERS vehicle will use 
 [KERS stands for Kinetic Energy Recovery System and was introduced by the FIA to direct the Formula 1 engineering community towards developing greener technologies. Kinetic energy is energy stored in motion and can be thought of as the energy that is required to stop that motion.]

A Kinetic energy recover system must have three major components to work, a motor, controller, and battery. 

[image: image7]
Figure 6.0 KERS layout

As shown in figure 4.0 a significant amount of energy is used in braking, but the amount of braking energy used in normal driving is not large, meaning a small motor can be used to recover most of the energy during braking. Some of this energy will, however, be lost due to the vehicle’s transmission. The torque converter in the vehicle has low efficiency when operating at a low-speed ratio, meaning replacing it with a small electric motor is a good approach in saving energy losses during the WLTP cycle. This small electric motor can also act as an engine starter and generator. A 36-v battery rater for 7Kw would be a good chose for the KERS. 
The vehicle needs an electric motor that has around 10% of the power the engine produces. The engine produces 85Kw of power so the motor electric motor would have around 8.5Kw of power. 
6.1 Different modes of the electric motor
Engine alone traction mode- Only traction from engine. Motor alone traction mode- [The engine is shut down, and the clutch is disengaged. The vehicle is propelled by the electric motor-alone]. Battery charge mode-Motor is driven by engine to charge batteries. Regenerative braking mode-Clutch disengaged. vehicle mass is converted to energy and stored in batteries. Hybrid traction mode- Both motor and engine are on.
6.2 Drivetrain Design
The batteries that will be used in the MX-5 are lead acid batteries as they are low cost and high-power density which is more important than the actual energy density of the battery. Lead acid batteries are heavy and are strict on charging and discharging. 
Another storage option would be lithium Ion. Lithium-ion batteries are a good option for an energy storing system as they provided high levels of charge then different battery technology and they have a higher voltage, however they do cost more than other battery options. Lithium batteries have high energy density and are very low maintenance meaning they don’t require a lot of maintenance to perform efficiently. Lithium-Ion batteries are ideal choices are they are used by most EV makers like Tesla and Jaguar. Lithium-Ion batteries are developing technology, this could be a disadvantage as the technology doesn’t remain constant but can also be an advantage as its always being improved. 
Potential battery module vehicle can use-

Maxwell 48v module-Is a suitable module to store the amount of energy needed as it can store 52.5 Wh and only weight 13.8kg
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Figure 6.0 Maxwells 48v module
6.3 KERS research 
Parallel hybrid brake systems, retain all the same components of a mechanical brakes but adds electrical braking to the front axle. The electrical motor applies its braking torque to the front axle and is controlled by the controller. 

6.4 Final decision 
The system will contain an electric motor and a battery pack. The mx-5 will use a 6KW 72V Brushless Electric Car E Car Hub Motor. The motor will be cooled by engine oil and the controller will be cooled by a specific coolant loop.  The battery pack of the vehicle will be placed in the front end of the vehicle to take advantage of air cooling. The operating motor will be roughly equivalent to engine speed.  
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Figure 6.1 6KW 48V Brushless Electric motor specification

A 6Kw 48v brushless electric motor will be used in the KER system. The motor has an efficiency of 90% and a rated power of 60Kw and a peak power rate of 12Kw giving it enough input requirement to allow the braking energy to be used. The motor weighs an extra 25Kg which will be added to he final weight when calculating the total energy that can be recovered.  
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A high current 48v, 8kw 9kw EV motor controller will be used as well with a maxwells 48v module battery to storage the required energy. Two Maxwell batteries must be used to store the energy being recovered. 
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Figure 6.3 controller specification 
7.0 Kinetic Energy Recovered that is returned to the wheel road contact.
Firstly, a new total weight must be calculated including the weights of the new motor, controller and battery pack. 

New added weight = 25kg + 13.8kg*2 + 4.5kg

Adding this total weight to the equivalent mass, to work out the new braking energy over the WTLP, but timing it by the efficiency of the new motor, which is 90%. 
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Figure 7.0 Total Energy recoverd over WLTP by KER system.
This graph shows the total KER during the whole WLTP in joules and Kw. This graph shows the clear significance KERS have on an ICE vehicle and how it will improve fuel consumption in everyday driving.
8.0 system operates
As the vehicle now weighs more as it contains a motor, controller and battery the vehicle may handle different depending where the weight has been transferred in the vehicle. As mentioned in section 6.1 the vehicle will have different running modes which will allow the driver to only use electric power or ICE power.
8.1 assumptions made and variations drivers may experience compared to an ICE and friction base vehicle. 
When identifying the moments of largest possible KERS power input and energy storage requirements, its assumed that the energy for each recovery period is used before the next recovery period.
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