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[bookmark: _Toc215082636]Introduction
This technical report will be investigating the Word Harmonized Light Vehicles Test Procedure or WLTP as it’s more commonly referred to. I will be selecting a vehicle of personal preference and the looking at the WLTP testing cycle of my chosen vehicle and using manufacturer provided data to look at and analyse the vehicles performance during the WLTP test. From the data gathered. I will take an in depth look at the vehicle’s characteristics during the test at various points during the test. From here I will also look at the losses that the vehicle endures during the test cycle and calculating the amount of energy the vehicle loses during the test. Using this I will research and look at suggesting an energy recovery system that can recover and store that lost energy selecting the right energy storage system and looking at a deployment system to redeploy that recovered energy.

[bookmark: _Toc215082637]What is the WLTP test and how is the test run.
Word Harmonized Light Vehicles Test Procedure or WLTP test is a test that replaced the previous New European Driving Cycle or NEDC test. The WLTP test was first introduced in September of 2017 but became mandatory in September of 2018. The test is designed to address issues with corelation of NEDC test fuel consumption numbers and real-world fuel consumption. Along with C02 emissions. N0X and other particulates, along with calculating the energy consumption of alternate powertrain driven vehicles and electric cars.  Also, another factor of the WLTP being introduced was to account for vehicles with different spec and options such as sunroofs, bigger wheels etc.
How the test works is that it is split into two parts. The first part being run on a dynamometer. The Car is put on a Dynamometer, and a 30-minute drive cycle is simulated. There are for speed cycles to the test. Low, Medium, High and lastly Extra High. The temperature conditions are set at 23 degrees  for the first run and then another run is done at 14 degrees to obtain CO2 values. Another reason the test is conducted at 14 degrees is to simulate the average temperature across Europe.  
There is another part of the test which is part of WLTP. IT is called REAL Emissions Driving Test. Or RDE for short. This part of the WLTP test is done on the road. A car is driven two hours on a set route. Around 50 miles. This is a mixture of Country roads, city and highway driving taking into account start stop and speeds must exceed 56 mph where legally allowed. The N0x and other emissions are measured her. This is done with a portable emissions devices attached to the vehicle as shown in the picture below. 
The reason behind the RDE test is for correlation between both the dynamometer and real-world driving cycle and to validate values.
[image: Emissions testing Volkswagen Passat]
Figure 1 Volkswagen Arteon driving on WLTP TEST (Uploaded Autocar Magazine on WLTP article 2022)





[bookmark: _Toc215082638]Chosen Vehicle
The vehicle I have chosen is the Toyota GR86 ZN8/ZD8. This is a 2-seater compact sports coupe. With a 2.4 Litre. 4-cylinder boxer internal combustion engine. Driving the rear wheels either through the use of an automatic or manual gearbox depending on how the vehicle was specked . It is a vehicle that is for the enthusiast demographic, people who enjoy spirited driving and maybe occasional track days.
[image: GR86 | GR | TOYOTA GAZOO Racing]
Figure 2. (Toyota GR86) 
The vehicle has no hybrid or mild hybrid element. As mentioned above the Vehicle is ICE driven only. Through the following parts of this report, I will be looking at the vehicle and how it performs during the WLTP test. I will be looking at the forces that act upon the vehicle during the WLTP drive cycle. From there I will dive and look at the data and analyse where the vehicle is losing energy during the cycle and from there I will be calculating the losses and working out a suitable energy recovery system for the vehicle.
[bookmark: _Toc215082639]Results 

Figure 3 (WLTP cycle Graph)
[image: ]

Figure 4 (Forces on Vehicle during drive cycle)

[image: ]Figure 5 (Vehicle’s tractive energy over the entire WLTP driving cycle)
As shown in the tables above the vehicle reaches multiple points where energy is being lost as heat energy and friction when the vehicle is braking or coasting. As seen in figure 4 The gap between the tractive energy and the braking energy is large. Meaning there is a lot of energy being lost through coasting or braking. This is where a KERS system can take that lost energy and store it and redeploy is to be as efficient as possible.

[bookmark: _Toc215082640]KERS system 
For the KERS system I find that a regenerative braking system would be suitable. This is a system common in the automotive sector. But also, a system that is Toyota already uses in other Vehicles such as the Toyota Prius and the Toyota RAV4 as well meaning that Toyota already has experience with this type of KERS system and makes it more cost effective to use as Toyota can modify preexisting system and adapt it for my vehicle of choice. 
The system I would select is one that can be found in the Honda CR-Z where a brushless dc motor is mounted between both the gearbox and engine. With a battery pack in the boot along with another dc-dc brushless motor. This system is regenerative breaking as well.
[image: A diagram of a motor
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Figure  (Hondanews.com CR-Z  press release 2011. Model of KERS system selected)
System efficiencies and spec of 
The efficiency of a DC brushless motor is: Is 80-95%
Lithium-Ion battery pack efficiency 95%
Regen efficiency:
Driveline (Wheels- prop shaft) : 95
Motor in regen in mode: 94%
Inverter: 97%
Battery charging efficiency: 96%
Regen combined efficiency = 0.95x0.94x0.97x0.96= 0.83- 83% efficiency
Deployment Efficiency:
Battery discharge efficiency: 98%
Inverter: 97%
Motor: 95%
Driveline – wheel: 95% 
Combined efficiency = 0.87- 87% efficiency
	Component

	Function
	Mass (kg)
	Efficiency (%)

	Energy / Power Rating

	P2 Motor-Generator (BLDC/PMSM)
	Provides regenerative braking and propulsion assist
	8
	90–95 (motoring), 90–94 (generating)
	20–25 kW peak, approx. 55–65 Nm at crank

	Inverter
	Converts DC ↔ AC for the motor
	4
	97
	Handles 120–150 A at ~220 V

	High-Voltage Battery Pack (Li-ion, 60s)
	Energy Storage
	22
		



	96–98 (charge/discharge)



	1.2–1.4 kWh total (0.7–0.9 kWh usable)

	Battery Cooling Plate
	Keep KERS and batteries cool
	1
	N/A
	Heat rejection 300–500 W under regen

	DC–DC Converter (HV → 12 V)
	Supplies 12 V system from HV bus
	2
	95
	2–3 kW conversion capacity

	High-Voltage Cabling & Connectors
	Transfers high-voltage power
	1
	~99 (electrical)
	Rated for 150–200 A

	KERS Control Unit (HCU)
	Manages regen, SoC, torque assist
	0.5
	N/A
	N/A

	Safety & Isolation Hardware
	HV junction box, service shut-off, fuses
	1
	N/A
	Rated 300–400 V


 KERS system total mass = 38.5 kg
Mass of vehicle with KERS system = 1708.5kg

[bookmark: _Toc215082641]Operation of system 
The way the system works is as follows. As the driver begins to apply the brakes. A generator in the gearbox along with the electric motor is put into a generator mode. The drivetrain of the vehicle transfers the kinetic energy of the vehicle into electrical energy which is sent to the vehicles battery system to store it. The braking torque of the electric motor decelerates the vehicle up until slower speeds where the normal friction brakes are reapplied to bring the vehicle to a complete stop. To make sure the vehicle stops accordingly sensors and modules are monitoring the rate of deceleration along with pedal input, pedal pressure and vehicle speed to ensure the switching between the electric motor and friction brakes are blended seamlessly. This is known as torque blending. If hard braking is applied, then the vehicle will only use the friction brakes. This is because wheel specific and mechanical interventions are needed. 
What the driver will feel compared to a conventional ICE operated vehicle is that when they lift their feet off the brake pedal the vehicle will start to slow down and it feels like the brakes are being applied or it can also feel like hard engine braking. This is the generator and electric motor being activated and sending the energy back to the wheels. The regen effect as this is known can be changed by the driver to their preference. If the Regen effect is higher the feeling of the brakes being applied is more noticeable. Also, the driver will feel the torque blending effect of when the vehicle is switching from using the electric motor to using the friction brakes. But sometimes depending on the manufacturer the operation of torque blending is more noticeable to the driver, and it can also lead to the brakes feeling grabby. This can be resolved by fine tuning using electronics and tuning to make the braking feel more natural and seamless in transition from Regen braking to natural friction brakes.
Conclusion 
After looking at everything, I have deemed this KERS system the best application after looking at the results. The KERS system can recover the lost energy whilst nod adding too much mass to the vehicle. I wanted to be able to make the vehicle more efficient whilst being able to maintain the natural dynamics of the vehicle. Ideally if I could It would be optimal to use supercapacitors for the KERS system as they are much more efficient and energy dense technology, but the technology is still developing as there are less than 5 automobiles that have been put into production which have used supercapacitors.
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