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1.0: Introduction
The aim of this assignment was to design an off-road racing track, then calculate the power required for a buggy to complete a full lap of the circuit. Now the aim is to convert the previously used buggy into an electrical hybrid system, calculating the required power per second of the lap and the necessary electrical components needed for the hybrid system. This hybrid system will also have a form of energy recovery to store any generated power when not accelerating, to then use as an assist around the track where needed. 

2.0: Methodology
Using the previous calculations used for the buggy completing a lap of a personally designed track, more calculations are required to convert this buggy into an electrical hybrid system with an energy recovery system and storage for the recovered energy. Therefore, research will be done to find a suitable motor(s) and storage system to install onto the buggy to help with a lap around the track. So, there will be research on a suitable motor to power the wheels or each wheel, research on a suitable battery or multiple batteries to power the motors, and research on a suitable energy recovery system to use (K.E.R.S).
In this instance, the engine will provide the power to the front wheels, then the motors will provide the power to each back wheel separately for more control via in-wheel motors. These are more beneficial than using a motor and shafts to both wheels. There will be three smaller batteries connected to each other in order to provide enough power to the system

3.0: Research
3.1: What is K.E.R.S?
“Kinetic energy recovery systems (KERS) are systems used in Formula 1 vehicles (ex. a race car) in order to recover kinetic energy for future use. It works by converting the energy of motion when the car decelerates (which would've been lost as heat without a recovery system) into electrical energy which is stored in a battery, supercapacitor, or as mechanical energy in a flywheel. The driver can then press a button on their steering wheel, discharging the battery to motion of the drive shaft and giving their vehicle a boost of power.” Below is an example of such system.
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Figure 1: K.E.R.S System (Afework, Hanania, Jenden, Stenhouse, Donev. B, J, J, K, J. 2018)


[image: ]Figure 2: Hybrid System (Kia. 2020)



This shown in Figure 2 is an example of a situation where each of the two systems would work separately or together. 

3.2: Direct drive:
 [image: Protean]Figure 3: Direct Drive (Furness, D. 2019)



“In-wheel motors, also known as hub motors, give drivers improved torque response, enhanced handling, faster acceleration, less charging and greater range. In-wheel motors have integrated power electronics and digital control. Direct drive means no gears are required, and by partnering with leading brake system experts we have developed friction brakes that suit any type of vehicle.” (Protean. 2020)
In wheel motors allow the vehicle to drive longer distances when powered by the motors, this is due to the lack of efficiency losses from gears, a differential or cv joints, also reducing the weight of the vehicle. 
On top of this, in-wheel motors also allow for better handling of the vehicle. This is because both motors can provide a separate amount of power to each wheel depending on the demand, also known as “torque vectoring”. This is very useful to maintain traction on a slippery surface such as dirt, and to turn tight corners by providing the outer wheel with more power, therefore pushing the vehicle around the corner. Page | 2

[image: ]A great advantage from using in-wheel motors, is the ability to change the vehicle dimensions freely.  This means that the vehicle manufacturers can modify the vehicle length, width and wheelbase to suit them. This is possible because of the removed driveline components in these systems such as a prop-shaft, differential and drive joints. Without these components the manufacturer doesn’t need to worry about the dimensions of the vehicle revolving around these components to fit each into the system. So, this provides more freedom for the manufacturers when designing a new vehicle which implements this system. 
Using in-wheel motors also benefits the manufacturing process, with removing the driveline components it will be easier and possibly cheaper to manufacturer, also easier to break down and recycle when the vehicle reaches its’ end of life.Figure 4: Direct Drive Wiring (Yousfi, D. 2011)



3.3: Split Drive 
[image: ]Engine power for the front wheels, in-wheel motors for each of the rear wheels. It would be a similar system to that shown in Figure 5, except the rear wheels wouldn’t be powered by an electric motor rotating a rear axle. Instead the chosen method to use in-wheel motors will be more beneficial than this system.

With the two selected in-wheel motors powering each rear wheel, these together can output 30kw each to a total of 60kw. However, with the efficiency losses being 8% per motor, losing 16% of that 60kw leaves the motors still achieving an output of 55.2kw. This is more than enough power for the buggy to achieve a full lap of the circuit.


[image: Image result for regenerative braking in direct drive]In Figure 6 is an example of a wiring system for a brushless motor.Figure 5: Split Drive (TheKEEA. 2020)




Figure 6: Brushless Motor System (GoldenMotor. 2020)
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3.4: Power Storage
[image: ]From the DC motors on the rear wheels, to store the power from decelerating it will need to be sent through a DC to DC power converter as shown in Figure 4 and then to a battery pack to be used when needed. Then if the power is required it can draw the stored power from the battery to each wheel. 





Figure 7: K.E.R.S Storage (Sakshibose1. 2016)



So as shown in Figure 7, this system is mainly used in F1 racing where the energy is recovered from the flywheel and stored, then the driver can use the power using a button on the steering wheel. This button then provides the driver with extra acceleration, very commonly used to assist an overtake.

4.0: Calculations
4.1: Efficiency Losses 
Gearbox ratios from a 1.0L Nissan Micra. From 2000 on:
1st 3.333: 1
2nd 1.782: 1
3rd 1.207: 1
4th 0.902: 1
5th 0.756: 1
These gear ratios provide a baseline for what gear ratios to start with for use in the buggy of a similar engine capacity, these can be modified to find the ideal gear ratios based on the track, which may differ per track. This could be due to different tracks requiring different driving styles, such as a track with lots of corners may require gear ratios to provide more low speed acceleration. Whereas a track with more high-speed straights may require gear ratios to provide a higher top speed.
Losing efficiency between the engine and the wheels means that the power at the wheels will be lower than the available power at the engine. This is an example of the losses which can take place: 
Page | 4

Research shown that using a chain drive can have an efficiency of 97%, meaning the engine is already losing 3% of the available power.
“Chain drives have compact assembly unit and have high transmission efficiency, which is up to 97%.” (Sinha, A. 2017)

There can be a large amount of power lost between the engine and wheels, such as the values below:
“* FWD car around 16-17% loss (Flywheel, Clutch, Gearbox, Driveshafts, Wheels)
* RWD car around 23% loss (Flywheel, Clutch, Gearbox, Propshaft, Diff, Driveshafts, Wheels)
* 4WD car around 27%-30% loss (Flywheel, Clutch, Gearbox, Front Diff, Front driveshafts, Propshaft, Rear diff, Rear driveshafts, Wheels)” (JFA. 2020)

So, if we use the 16% efficiency loss for the FWD as the engine is powering the front wheels only, this means that the engine output of 59.656kW will lose 16% before it reaches the wheels. This gives us a value for power at the wheels being around 50.1kW, dropping by 9.5kW which is a lot of power. Luckily the rear wheels powered by in-wheel motors can avoid losing this power at it’s directly powering the wheel. Therefore, it can prevent losing some of the power through the prop-shaft and differential if it used 4WD.
If the differential and prop-shaft were used to make the buggy 4WD, it would lose further power.

“Differential losses tend to be considerably larger, especially in the case of RWD and AWD vehicles where the torque path is turned 90 degrees as it enters the rear diff and exits it toward the rear wheels. In the case of hypoid-type gearsets (where the gear tooth profile is both curved and oblique) that are commonly used in RWD differentials, losses in the 6 to 10 percent range are the norm, while loss from the driveshaft(s) and prop shaft(s) tend to account for about 0.5 to 1 percent of total loss, depending on how well they're balanced and how many the vehicle is equipped with.” (Pratte, D. 2020)
Prop-Shaft and Driveshafts efficiency loss of 1% each. Meaning the power drops from 50.1kW to 49.86kW at the differential.
Differential power loss of 6-10%. Meaning the power from the differential drops from 49.86kW to 44.87kW at the drive shafts.
From the drive shafts to the wheels drops by another 1%, meaning the final power to the wheels is 44.43kW. that’s a total drop from 59.656kW at the engine to 44.43kW at the wheels.
[image: ]However, this is avoided because the rear drive shafts, prop-shaft and differential were removed for directly powered wheels with motors on the rear. So, it therefore doesn’t lose the efficiency but will gain weight with the new components.
The vehicle weight without a driver is 695kg. with the components swapped it goes up: 
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Figure 8: Vehicle Weight Change (Watkins, D. 2020)


4.2: Batteries
To power the electrical system, it requires a lot of power. From research the decision was made to use 3 batteries with a combined power of:
Battery Voltage: 60v, x3 to become 180v
Battery Output: 150Ah, x3 to become 450Ah
Battery Peak amps: 100, x3 to become 300amps
Battery cycle life: 2500
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“Differential losses tend to be considerably larger, especially in the case of RWD and AWD
vehicles where the torque path is turned 90 degrees as it enters the rear diff and exits it
toward the rear wheels. In the case of hypoid-type gearsets (where the gear tooth profile is
both curved and oblique) that are commonly used in RWD differentials, losses in the 6 to 10
percent range are the norm, while loss from the driveshaft(s) and prop shaft(s) tend to account
for about 0.5 to 1 percent of total loss, depending on how well they're balanced and how many
the vehicle is equipped with.” (Pratte, D. 2020)
Prop-Shaft and Driveshafts efficiency loss of 1% each. Meaning the power drops from 50.1kW
t0 49.86KW at the differential.
Differential power loss of 6-10%. Meaning the power from the differential drops from 49.86kW
t0 44.87kW at the drive shafts.
From the drive shafts to the wheels drops by another 1%, meaning the final power to the wheels is
44.43KW. that’s a total drop from 59.656kW at the engine to 44.43kW at the wheels.
However, this is avoided because the rear drive shafts, prop-shaft and differential were removed for
directly powered wheels with motors on the rear. So, it therefore doesn't lose the efficiency but will
gain weight with the new components.
The vehicle weight without a driver is 695kg. with the components swapped it goes up:
Battery Voltage: 60v, X3 to become 180v
Battery Output: 150ah, X3 to become 450ah
Battery Peak amps: 100, X3 to become 300amps
Battery cycle life: 2500
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