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1. [bookmark: _Toc509421781]Introduction

The main aim of the report is to evaluate through critical analysis, the performance of an off-road buggy for corporate entertainment. 
The buggies performance will be evaluated on its electric propulsion control. The previous report outlines the initial performance of the buggy during the duty cycle where it performed with an internal combustion engine, the total resistive forces acting on the buggy were calculated in-conjunction with the duty cycle demands and it power requirements to overcome the resistive forces. In this project the buggy has been modified to a series hybrid and will undergo the same duty cycle, therefore appropriate modifications will be completed and analysed.

The duty cycle has been modified, the sand terrain section has been removed – it was found in the initial project that the power demand requirements of the sand terrain section exceeded the maximum power available from the internal combustion engine and therefore as deemed unrealistic has been removed.

The duty cycle consists of the below terrains and following resistance coefficients with a gradient graph to show the duty cycle track.

[bookmark: _Toc509421797]Figure 1: Duty Cycle







2. [bookmark: _Toc509421782]Technological Review

[image: ]A series hybrid system, although it has an internal combustion engine, the wheels receive no drive from the engine – the wheels are driven by an electric motor which receives its power from a battery, powered by a generator and the generator is driven by the engine (Denton, 2016) as shown in figure 2.

Advantages of series hybrid vehicles include:

· Downsized internal combustion engine, with better efficiency due to non-variable power demands as it doesn’t directly drive the wheels (Randall, n.d.).
· No complicated transmission for the motor, compared to a multi-speed transmission and clutch in other hybrid systems (Randall, n.d.). [bookmark: _Toc509421798]Figure 2: Series Hybrid Schematic (Source: University of Queensland, 2013)


Disadvantages of series hybrid vehicles are:

· Three propulsion components are required i.e. engine, generator and motor which increases cost, weight and more components to fail, also components must be designed for maximum power and size, even though most of the time the vehicle won’t be operating at maximum power (Husain, 2011).

2.1. [bookmark: _Toc509421783]Electric Motors

[image: ]The electric motor will convert the electrical energy received from energy stored into mechanical/kinetic energy to provide drive to the wheels via a gear, with a specified final drive ratio (Larminie & Lowry, 2012).
There are two main types of electric motors, alternating current (AC) motors and direct current (DC) motors.
Both AC and DC motors use windings and/or magnets to produce electromagnetic fields to develop a torque motion output as shown in figure 3 (Eiranova, n.d). Within the two main types of electric motors there are many variants, which are illustrated by their setup. The key differences between the AC and DC electric motors are shown below:[bookmark: _Toc509421799]Figure 3: Electric Motor (Source: Nave, 2009)

[image: ]
[bookmark: _Toc509421800]Figure 4: Electric Motors comparison (data source: RS Components Ltd, 2017)

2.2. [bookmark: _Toc509421784]Energy Storage and Supply

Energy storage is a way of storing energy, in this case electrical energy to be supplied and converted in to kinetic energy. 
Electrical energy storage can be done by using super-capacitors or batteries. A comparison of batteries and super-capacitors is shown below:
[image: ]
[bookmark: _Toc509421801]Figure 5: Batteries Vs Supercapacitors (data source: Kerns, 2015)
3. [bookmark: _Toc509421785]System Specification & Discussion

The system specifications are selected depending on the power requirements of the system to overcome the duty cycle.
To determine the power requirements for the hybrid modification specifications the average power requirement of the duty cycle from part A was calculated as 4264.43W, as show in figure 6.
[image: ]
[bookmark: _Toc509421802]Figure 6: Average power requirement

3.1. [bookmark: _Toc509421786]I.C.E and Generator Unit

The main specification requirement for the ICE and generator unit was to ensure that it produces the average power requirement to the system. Power was calculated by:
Power Required = Total Resistance x Velocity
The proposed system is a Honda EG5500 Digital AVR Generator (appendix 1), which has a maximum power output of 5000 watts, an excess of 735.57 watts to overcome pumping losses and supply the average power requirement of 4264.43 watts.
A BRUSA DMC514 EV AC inverter appendix 2 was also chosen as part of the system to convert the DC current from the battery to AC for the electric motor.

3.2. [bookmark: _Toc509421787]Energy Storage solution

Energy stored in battery was calculated by calculating the energy into battery from the generator, this was achieved by:

Energy in to Battery (joules) = Average Power – Power requirement

For example, at 10 seconds the average power for the duty cycle was 4264.43 watts and the power requirement was 8201.5 watts, therefore, there is a drain of 3937.07 joules/s from the battery, at 50 seconds the energy in to the battery is 6594.12 joules/s, this is because there is 2329.69 watts of positive energy, therefore although the energy drawn from the battery at 49 seconds is 41448.97 joules, the energy into the battery i.e. average power supplied by ICE and generator and positive energy is stored within the battery to reduce the energy draw on the battery to 34854.85 joules, any excessive energy required and supplied will be drained from the battery, and during periods of lower than average power requirement, the energy will be stored in the battery.

Figure 7 shows the energy drawn and stored from/in the battery.

[image: ]
[bookmark: _Toc509421803]Figure 7: Energy drawn from battery during duty cycle
It can be seen that due to high demands of the duty cycle there are large areas of energy drawn from the battery, and very little areas of energy storage.
The battery chosen (appendix 3) has a total capacity of 1.94 mega joules of energy; therefore only during energy draw there is only a small fraction of the energy capacity being used, even during maximum draw of 0.0453 mega joules.

[image: ]

There will 4 batteries in total connected in series to maintain the same capacity, however, connected in series will increase the overall voltage output of 48 volts to the chosen motor and controller (Gates Energy Products, 1998).

3.3. [bookmark: _Toc509421788]Electric Motor and Controller

To ensure that the electric motor met the sufficient requirements for the buggy throughout the duty cycle, the electric motor had to surpass the power requirements. Therefore, it was important that the peak power of the motor was greater than the maximum power requirement during the duty cycle. A ME1004 Drive Kit with Motor and Controller, was selected (appendix 4), which is a brushed, permanent magnet type motor.

[image: ]
[bookmark: _Toc509421804]Figure 8: Electric Motor Specifications
It can be seen from figure 8, the maximum power was 15Kw which surpasses the maximum power requirement during the duty cycle, to account for losses in the system it was important to ensure that the electric motor could provide the sufficient amount of power. 
To calculate the final drive ratio required for the electric motor, the torque and speed per second was calculated for the wheels.

Torque = radius of wheel x total resistance
Speed at wheel = (Velocity/circumference of wheel) x 60

The peak speed of the electric motor is 3700 rpm unloaded, therefore with an appropriate final drive ratio of 6.5:1, the maximum speed of the wheels will be 443.27 rpm and the motor will peak at 2881.24 rpm.




















4. [bookmark: _Toc509421789]Preliminary Costings
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[bookmark: _Toc509421805]Figure 9: Preliminary Costings

































5. [bookmark: _Toc509421790]Conclusions and Recommendations

In conclusion, although the energy used/drawn from battery for the duty cycle is only a small part of the total energy available in the storage unit, it can be seen that there is very little storage during the duty cycle.
One modification which can be suggested for improvement to the proposed system would be to alter the proposed electric motor to an electric motor which can also be used as a generator and therefore have the function of regenerative braking, therefore using the vehicles inertia during braking to turn the motor the opposite way and therefore store energy back into the battery. 
However, regenerative braking can have its limitations due to the recharging of the battery, another recommendation would be to change batteries to supercapacitors which charge much quicker than batteries, and have a longer service life.

The electric motor proposed is a brushed permanent magnet type, therefore to increase the life in service of the buggy and reduce overall maintenance costs; a proposed recommendation would also be to ensure that the motor would also be brushless to remove maintenance of brushes.
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Capacity 45AH@12V

Drainage 540 Joules/s

Total amount of Energy  1.94MJ

Maximum drawn from Battery 0.0453MJ
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Voltage 48V

Peak Power 21hp/15Kw

Motor Effieciency 90%

Average Power for each section of duty cycle 2.35 - 5.43Kw

Average Power  4.26Kw

Maximum power required 10.45Kw

Maximum speed of Motor  3700 rpm

Maximum speed of wheels 443.27 rpm

Final drive Ratio  6.5:1

Max speed of Motor with ratio 2881.24 rpm

Motor
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Product Quantity Cost

Honda EG5500 Genset 1 1649.00

BRUSA DMC514 EV AC inverter 1 794.67

Battery 4 191.88

ME1004 Drive Kit (Motor and Controller) 1 373.17

Costings
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Brand Honda

Power Details GX390 engine, 4-stroke

Phase Single Phase

Fuel Type Petrol Unleaded

Rated Watts (W) 5000

KVA 5.5

Voltage 2 x 115V* 16amp / 1 x 230V 32amp

Rated Frequency (Hz) 50

DC Rated Output 12V

Sockets 2 x 115V* 16amp / 1 x 230V 32amp

Output Technology Digital AVR Output®

Fuel tank Capacity 24 Litres

Running Time 8 Hrs

Dimensions (L x W x H) 681 x 530 x 570 mm

Starting Method Recoil

Noise Value - Sound Power Level dB(A) 75

Weight 83 kg

Warranty 5 years domestic
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Peak Power 52 kW

Max. Input Voltage 450 VDC

Nom. Input Voltage Range 200...450 VDC

Max. DC Input current 150 A

PWM Switching frequency 24 kHz

Nom. Output AC Current (RMS) 112 A

Max. Output AC current (RMS) 150 A

Efficiency 97%

Env. Protection class IP-67

Dimensions 250 x 240 x 88 mm

Dry Weight 6 kg

Special Features Liquid cooled
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Brand Varta

Product Code B33

DIN 545 157 033

Range Varta Blue

Voltage 12 Volts

Technology Wet

Capacity (C20) 45 Ah

CCA (EN) 330 A

Length 238 mm

Width 129 mm

Height inc. terms 225 mm

Other References 545157033

Guarantee 4 Years

Barcode (EAN) 4.01699E+12
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- Brush-type Permanent Magnet DC motor.

- Light weight, high efficiency design.

- Designed for 48 VDC battery operated equipment.

- 150 A continuous at 48 V (300 A for 1 minute)

- Capable of 4.8 KW continuous and 15 KW for 1 minute.

- Totally open, fan cooled motor.

- Runs in either direction 

Power:  10.75 Hp cont. -- 21 pk Hp 

Voltage:  48 Volt rated

Speed:  3700 rpm @ 48V unloaded

Size:  8" OD, 6.4 " long (w/o shaft)

Shaft:  1 "x 2.5 ", 3/16" key 

Weight:  32 lbs 

Controller:

Alltrax AXE 4834 48V 300A 
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