Introduction
In this report I will be analyzing my results of the Volkswagen Caddy WLTP Test. The vehicle I have chosen to use in this assignment is my personal vehicle, which is a 2018 Volkswagen Caddy, short wheelbase, 2.0Tdi, 5 speed manual, highline. The reason the extra information is relevant is that it affects the mass of the vehicle. The highline trim comes with a more executive interior and additional equipment such as air conditioning making this iteration slightly heavier than other models of this vehicle. The kerb weight comes to a total of 1500 kilograms. For the WLTP cycle the vehicle test mass is used, this is the kerb mass plus passengers and cargo. As the vehicle only has 2 seats the average mass of 2 people is added which equates to roughly 150 kilograms. To get an accurate value for cargo mass I weighed the cargo that I often carry, which equates to 550 kilograms. Meaning that the test mass is 2200 kilograms. The Volkswagen Caddy has several options for engine power, but this vehicle has 75 horsepower (55kw). This places the Volkswagen Caddy in class 2 for the WLTP Test. As the Volkswagen Caddy is a LGV (light goods vehicle), it’s designed to maximize cargo space, in doing this the aerodynamic efficiencies are compromised, with a frontal area of 2.38sqm and a coefficient of aerodynamic drag of 0.34. With economy tires inflated to 2.2 bar the rolling resistance coefficient is 0.009.
MotorEu
Kinetic Energy Recovery System (KERS)
The purpose of a kinetic energy recovery system is to collect energy from the vehicle during deceleration, store the energy until the next instance of acceleration and release the energy to power and propel the vehicle. This system aids in reducing fuel consumption and vehicle emissions. The KERS system is more effective for city/urban driving than for motorway driving. This is because there are more frequent deceleration events allowing for more frequent energy recovery. Energy can be recovered in the form of regenerative braking. This is a feasible option for the Volkswagen Caddy as it is often used as a delivery vehicle which has frequent deceleration and braking as well as short periods of acceleration. 
Regenerative Braking System 
A regenerative braking system works by using a motor which can rotate in two directions. When the motor spins one way it is used to drive the wheels and when it rotates in the other direction the wheels are used to power the motor. The deceleration energy is then stored in a battery to later be used to drive the vehicle. This system utilizes the energy that would have been lost to heat in the friction of the brake pad pushing against the brake disk. This system alters the physical feel of the braking system. When the system is regenerating the deceleration energy it will feel like the vehicle is applying the brakes itself when the driver releases the accelerator pedal. Some claim that it is now possible to retrieve up to 70% of braking energy in BEV’s (battery electric vehicles).
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KERS Drive Systems
There are multiple different types of KERS drive systems, these include: flywheel systems, crank drive systems and direct drive systems.
Flywheel System
 The flywheel-based KERS comprises of a flywheel, a CVT transmission and a gearing and clutch pack which is situated between the CVT and the flywheel. The flywheel converts braking and deceleration energy into rotational energy. During deceleration and braking the clutch engages and the CVT transmission rotates the flywheel. The flywheel always has a maximum rotational speed, when the flywheel reaches its maximum rotational speed, the clutch disengages. When the energy is required, the clutch engages and the rotational energy from the flywheel is used to drive the wheels. Using this system, it is possible to create up to 60 kilowatts of power. A disadvantage to this system is that it poses difficulty to retrofit the system into a vehicle which is not equipped with a kinetic energy recovery system.
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Crankshaft Drive System
Crank drive systems can come in a variety of configurations depending on if the system is being retrofitted and packaging solutions, but the premise is the same. Primarily the system consists of a regenerative braking system, a battery storage system and an electric motor to drive the crankshaft. The regenerative braking system is used to harness the deceleration energy, this is then stored as chemical energy in a battery until the energy is needed to be used to propel the vehicle. This is where the power is sent to the electric motor to drive the crankshaft. As there is no combustion needed to drive the crank initially this will lower fuel consumption and emissions. As the energy is converted multiple times the losses will be more than a system like the flywheel system but the benefit of this system is that it can be retrofitted relatively simply as the system can incorporate drive belts or chain drive systems to adjust to packaging needs.
Direct Motor Drive System
A direct drive system is essentially a regenerative braking system which utilizes the same motor to retrieve power and to power the wheels. The braking energy is harnessed when the motor is turning in reverse, then the energy is stored in a battery in the form of chemical energy until it is needed to be used to propel the vehicle. When the vehicle needs to be propelled the energy from the power is supplied back to the same motor to accelerate the vehicle. The benefit of this system is that it utilizes one motor to harness and use the energy. This means the mass of the system is decreased meaning lower vehicle mass and better fuel efficiency.
As the Volkswagen Caddy does not come as standard with a kinetic energy recovery system I have chosen to use the crank drive system. The reason I have chosen to use this system is because of its simplicity to be retrofitted compared to the other systems. 
[image: ]
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Specifying My System
As every system and car has its individual variables it is important to make the system specific to each model individually. To specify the battery size, it is crucial to know what the maximum amount of energy will need to be stored. This is calculated to be 65.74 kilo watt hours. To ensure that the system is suitable, the system will be supplied with a 70 kilo watt hour battery. The motor will be specified at 170 Kilo watts of peak power and a peak torque of 540Nm. This will allow the system to work effectively without the issue of exceeding the limits of the system.

Component Efficiencies 
	Component 
	Efficiency

	Motor/Generator
	90%

	Drive System
	92%

	Controller
	96%

	Battery
	95%

	Crank Drive Motor
	90%

	Drive Belt
	97%





All Forces
[image: ]This graph shows rolling resistance, Aerodynamic resistance, acceleration resistance and the total resistance to motion all against the WLTP cycle. From this graph you can see that the rolling resistance is a constant value, the reason for this is that the WLTP test does not take into account different road surfaces and fluctuating tire temperatures. The graph also shows that this vehicle has a high acceleration resistance, this is because of the reletively high mass of the vehicle.

Tractive Energy at the Wheels
[image: ]
This graph shows the cumulative tractive energy at the wheels against the WLTP cycle. 

Cumulative Braking Energy
[image: ]
This graph shows the cumulative braking energy against the WLTP cycle.

Braking Forces
[image: ]
This graph shows the braking forces across the WLTP cycle, this shows the possible points of kinetic energy recovery. The largest spikes show the points of heavy deceleration. This is where the regenerative braking system will be compromised as it does not perform under heavy braking.


Tractive Power
[image: ]
This graph shows the tractive power across the WLTP cycle.







Potential Recovery
[image: ]
This graph shows the Potential energy recovered from the kinetic energy recovery system alongside the energy that can be recovered. 
Cumulative Traction Energy and Cumulative Braking Energy
[image: ]
This graph shows the cumulative braking energy and the cumulative Traction energy against time. As this is a low power with relatively high mass there are substantial losses between the two. The losses are the difference between the two.
Recovered Energy
[image: ]
From this graph you can see the kinetic energy recovered through the WLTP cycle. This takes into account all the efficiencies of the components. 
Output Power
[image: ]
This graph shows the power that is output to turn the crankshaft across the WLTP Cycle, this considers the system efficiencies. Where the large spikes show on the graph will be where the highest amount of power will be supplied to turn the crankshaft.
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