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Abstract – This paper will focus on the analysis of the addition of a stop-start system, as well as a Kinetic Energy Recovery System (KERS), in order to reduce fuel consumption for a chosen vehicle.


1. INTRODUCTION 

With the development of modern battery technology, it is becoming more and more common to see internal combustion engine (ICE) based cars, with an additional Electric Vehicle (EV) setup including batteries and sometimes multiple motors, in order to aid the combustion engine in driving the vehicle, and most importantly, improve the vehicles MPG. This can improve efficiency by harnessing otherwise lost energy, through a generator charging the battery, instead of losing this energy through the brakes.
2. VEHICLE OF CHOICE

2019 BMW 3 Series 320d
Specification: 
Engine Type – Inline 4 16V Turbo
Fuel Type - Diesel
Maximum power – 190 HP @ 4000RPM
Maximum torque – 400 Nm @ 1750RPM
Drive Wheels – RWD
Transmission – 6 Speed Manual
Fuel Consumption – 4.4 L/100Km
Tank Capacity – 40L
Range – 909 Km
CO2 emissions – 115 g/Km

This vehicle was chosen, as it is a popular consumer car, and while using a diesel engine over a petrol engine for efficiency, recent technology can reduce the 4.4L/100KM fuel consumption, which is necessary in modern society due to fuel prices, and eco-friendly quotas that need to be met by producers.

A 2019 Volvo V40 only uses 4.2L/100KM, so the limit can clearly be pushed further than BMW has for the 320d, one of the ways this can be decreased further is through the use of KERS.
A 2019 Toyota Prius on the other hand, uses only 3.9L/100KM, with the use of a hybrid system, suggesting that hybrid systems are much more fuel efficient on average than older ICE only vehicles.
3. PRIOR RESEARCH

Weight – 1526 Kgs
Frontal Area: 2.291m^2
Front Track width – 1589mm = 1.589m
Height = 1442mm = 1.442m
Rolling resistance coefficient – 0.15
Coefficient of aerodynamic drag – 0.25
Wheel Radius – 0.2286


4. WLTP GRAPH
190HP = 140KW = 140,000W
140000/1526 = 91.74 W/Kg, therefore the vehicle is in WLTC Class 3.
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Figure 1
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Figure 2

5. ANALYSIS OF WLTP GRAPH

In figure 2, the cumulative braking energy is shown, at about 33% of the tractive energy. This is the maximum kinetic energy that could be recovered and stored in what will most likely be a battery. 

Spikes in the braking energy are points at which the brakes are being worked the hardest, which is a perfect opportunity to capture some energy, not only because it would provide the most, but also to take load off of the brakes. This in turn would increase the efficiency of the brakes, as they can become spongy and “fade” when overheated. 

Flat areas in figure 2 are perfect opportunities for the release of energy back into the drivetrain, as the vehicle will be accelerating at this stage. The best opportunity will most likely be immediately after the car begins accelerating from a standstill, as this usually has the largest positive effect on MPG. This is why most hybrid cars begin with EV from a standstill, and then swap over to an ICE, once the car is moving. 
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Figure 3

Above, shown in figure 3, is the vehicle speed plotted over the braking energy. Shown in green is the optimum times to use the KER system to propel the vehicle as opposed to the ICE propelling the car. The returns for using KERS at higher speeds are diminishing, as the MPG tends to be the lowest, at lower speeds, due to less air resistance, as an example.

The majority of vehicle’s engines are at their most efficient at 50-60MPH, so reducing the amount of ICE use before that point will have the greatest effect on overall MPG.
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Figure 4

Figure 4 shows how MPG increases with speed, up to a point, at which it tapers off. This bad MPG at lower speeds can be mitigated through the use of an EV motor using the captured energy from the KERS.
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Figure 5

Shown above in red, are the positions at which the greatest power input into the system occurs. Values can be calculated for power input, giving a general size for the battery required to house all this energy. This battery can then be sized in kWh requirement.


6. PICKING A KER SYSTEM
KER Systems have three main components, being a motor/generator unit (MGU), a Power Control Unit (PGU), and a Storage device, such as a battery, flywheel, or supercapacitor. 
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Figure 6
Above, shown in figure 6, is a simplified KER System, showing the main connections between components, and how energy is recovered from the brakes, and then delivered to the drive shaft at the time of need.

(Zytek, 2022), sell an all-in-one kit, employing a battery pack in order to harness otherwise lost energy. This would be one option, as it has the least moving parts, and the ability to disperse the energy slowly, whereas using a supercapacitor would limit the energy use to a short powerful burst, giving a boost to the vehicle’s power, as opposed to increasing fuel efficiency, by reducing engine load. Below is a link to the Energy Recovery System (ERS) 
Energy Recovery Systems (ERS) for Motorsport: For Sale | Zytek

Many manufacturers tend to double the kWh requirement of the motors, as not to cycle through 100% of the battery's available storage. So, in this example, requiring around 1.4kWh at peak, a 3kWh battery would suffice (if no energy was used to accelerate the vehicle at any point over the WLTP, a worst case scenario for storage.)

Next, is considering the chemistry of the battery, its benefits, and drawbacks. Nickel-Metal hydride batteries can withstand harsher temperatures than their lithium-ion counterparts.

Both all-wheel drive Toyota Prius grades come with a Nickel-Metal Hydride battery. Nickel batteries can withstand harsher temperature changes. Therefore, this hybrid battery choice is ideal for colder climates where snow and ice and frigid temps are more prevalent. (TorqueNews, 2021)

Lithium-ion batteries are newer technology; therefore, they are lighter, more compact, and can also charge/discharge quicker than nickel-metal hydride batteries.

These batteries do not last as long as Ni-MH batteries in harsh conditions such as extreme heat or cold. This could be a consideration for models of the vehicle released in areas with harsher weather such as Russia, Canada, or more tropical countries such as Brazil, Nigeria, or the UAE.
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Figure 7

Above in Figure 7, shows the points at which the KERS will be used, as it is most efficient to use from a standstill, increasing the MPG more so than using it a higher speed, as explained previously. 

Assuming that all the stored energy is converted back to kinetic energy before then next stop, the size of the battery could be further reduced, saving weight, cost, and space, though this could limit the output of the system either through how much power is put down to the wheels, or for how long a set power can be transferred.
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Figure 8

Shown above is the UUMotor QS10-U8, with a max rated kW of 4, which should be more than enough than needed at any moment to drive the vehicle purely from the battery.
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Table 1

Shown above is the specification for the motor, its small form factor being a key attribute, and low weight not having a noticeable effect on the drivability on the vehicle.
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Table 2
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Figure 9


Table 2 shows the calculation to find the recovered energy, and then the output energy, while considering the efficiency of the motor shown in Figure 8. Figure 9 shows the steepest gradient of the braking periods, which allows for the calculation of the greatest requirement of input into the battery. KWh was then converted into kW by dividing by the time period of braking, shown in Table 2.
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Figure 10

Shown above is a 4kW motor controller, from PUSOKEI, which will also be more than enough for the requirements of the input of braking energy.
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Figure 11

Figure 11 shows a 12V 8Ah battery, which should suffice for the requirements of the KERS system, even in the worst scenario. Again, its small size having a negligible effect on the driving experience of the vehicle, as well as its low weight, being a lithium-ion battery.


7. KE RECOVERED AND TRANSMITTED TO THE ROAD
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Figure 11
In the above graph, the total KE recovered and then returned to the wheels over the entire WLTP can be seen. 
This power being put down to the wheels instead of running an ICE will decrease the fuel consumption of the car, especially for low-speed city driving, 
 8. BREAK-DOWN OF ADDITION OF KERS TO THE VEHICLE
With the addition of KERS, average MPG will be reduced, through the usage of an electric motor to drive the driveshaft at speeds from 0 km/h up to roughly 50km/h, at which point, the ICE will take over and drive the vehicle instead. 
KERS does add some weight to the vehicle, but this is the sacrifice for extra efficiency. Hybrid vehicles have on average 20% to 25% better MPG, which is a very good tradeoff for an extra 100kg or so.
Within the paper, the assumption has been made that the diesel engine will not be idling while the electric motor is driving the vehicle, in order to increase efficiency. The assumption has also been made that all recovered energy will be used to drive the vehicle before the next deceleration period, in order to fully showcase the capability of the KERS.
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