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1. [bookmark: _Toc508918713]INTRODUCTION

This report will explain the further development of the Vigilante off-road buggy used previously in the development of duty drive cycle. In this report, the buggy will be further developed by conversion into a series hybrid vehicle. This will involve replacing the engine with a smaller internal combustion engine (ICE), which will provide average locomotive power. Also included will be a generator, battery and controller, motor and a final drive solution. Functional advantages and costs will be discussed at the end of this paper. This paper will review the technology available. A system specification and the justification of it will be included along with preliminary costings. 























2. [bookmark: _Toc508918714]TECHNOLOGY REVIEW

In the last 20 years, studies have been made into hybrid electric vehicles (Burke, 1992). These use an electric driveline and an engine to generate the power and energy required for propulsion. Primarily hybrid propulsion systems overcome range limitations occurring in pure electric vehicles only powered by batteries. To demonstrate the viability of various approaches to a hybrid powertrain a number of hybrid vehicles have been built and tested. In this study, the Vigilante off-road buggy has been designed into a series hybrid vehicle. It is first necessary, in order to accurately model a series HEV to understand the operation of the individual components in that system. In addition, understanding of the interactions between components is required.  Finally, an understanding is required of the behaviour of the whole system. The figure (2.1) below shows the components of the whole system.
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[bookmark: _Toc508917916][bookmark: _Toc509172926]Figure 2.1.1 shows the diagram of electric vehicle (Taylor, 1998).  

2.1. [bookmark: _Toc508918715] SERIES HYBRID VEHICLE

A series hybrid vehicle is an e1ectric vehicle with an engine/generator which supplies electrical energy to the vehicle’s battery. This occurs when the battery has been so discharged that it can no longer provide the energy and power needed to propel the vehicle. The function of the engine/generator is primarily to extend the range of the electric vehicle further than that possible using only batteries. The weight and size of the electrical components in electric drivelines have greatly reduced in recent times (Sharma, 2013). In addition, recent improvements in electric motor and power electronics technologies have permitted an increased in the peak power from the motor. The design of a hybrid driveline involves key considerations. These are the specification of the maximum motor torque and power, the maximum power of the generator and the usable electric range.  In the series hybrid, application engine/generator efficiency is important but is not the critical factor. The reason for this is due to the vehicle being operated on the battery using wall-plug electricity (DC) for 80-90% of the vehicle miles (Sharma, 2013). 



2.2. [bookmark: _Toc508918716] ENGINE/GENERATOR TYPE

The buggy was enhanced with 1200 cc and 2000 cc engines as was mentioned previously in the assignment (A1). Therefore, it was necessary to downsize the engine for this buggy because the series hybrid technology requires smaller engines. There are two operating modes for the series hybrid: 
(1) A pure electric mode where the engine is off and all the energy to power the vehicle comes from the battery.
 (2) A hybrid mode, where the engine is on and the engine/generator unit provides the electrical energy to power the vehicle while any excess energy is used for battery recharging (Taylor, 1998). 
The engine control strategy for a particular series hybrid depends on the key parameters of the battery SOC at the time that the engine/generator is turned on and the battery SOC at the time that the engine is turned off. The difference between these two SOC is indicative of the energy returned to the battery during recharge and the specified engine/generator output power during the time that the engine operates in hybrid mode (Taylor, 1998). The engine that has been chosen as suitable for the buggy is the Genuine DLE 120cc in figure (2.2.1). According to the spreadsheet calculation, the buggy average power was 7 kW. This has the ability to produce average power of 11.88 kW at 7500 RPM with max efficiency 87%. This is higher than the average power of the buggy ICE engine. The full specification is shown in appendix (4), it has an engine compression ratio of 10.5:1. 
 
[image: ][bookmark: _Toc508917917][bookmark: _Toc509172927]Figure 2.2.1  shows the generator for electric buggy (Evwest, 2017)














The chosen generator for the buggy was the HPQ3.5-60-18N Electric Vehicle AC Motor with max efficiency 79% (Alibaba, 2017).
[image: ][bookmark: _Toc509172928]Figure 2.2.2 shows the electric motor for buggy (Alibaba, 2017)








2.3. [bookmark: _Toc508918717] MOTOR AND CONTROLLER 

The Curtis 1239e-8521 HPEVS AC-35 Brushless AC Motor Kit - 144 Volt synchronous motor with max efficiency 88% can be seen in the figure (2.2-1). The full specification is shown in appendix (1).  Due to its high power density, its ease of assimilation with other components, its cost, and its availability this was the main choice. While the vehicle is coasting and the motor is being turned through the transmission by the wheels the motor charges the battery pack as it is equipped with regenerative braking capability (Manning, 2013). This option is quite useful if driving over steep terrains. This is the same effect as the engine braking effect, which occurs in the ICE in a conventional vehicle (Manning, 2013). 
[image: ][bookmark: _Toc509172929]Figure 2.3.1 shows the motor and controller for electric buggy (Electricmotorsport, 2017)















The motor is controlled by an HPEVS Curtis 1239e-8521 144V 500 AMP controller which can be seen in figure (2.2-2). This is produced by Curtis also and is optimized for use with the AC35 motor. The full specification controller is shown in appendix (2). Overheating and over-voltage in the controller is prevented by design. The controller is limited to 650 amps current. This prevents any damage occurring through thermal runaway to the motor. The current varies according to the demands made by the driver and also by the road load. The road load includes hill-climbing load, inertial losses, aerodynamic drag and rolling resistance, (Anon, 2013). 
[image: ][bookmark: _Toc509172930]Figure 2.3.2 shows the controller system for buggy (Electricmotorsport, 2017)









2. 4 FINAL DRIVE RATIO CALCULATION 
A final drive ratio was calculated 10.02:1 as shown below and in figure (2.3.5). 
Max tractive effort = 3248 N
Max velocity = 15.65 m/s
Circumference = 1.885 m 









[bookmark: _Toc509172931]Figure 2.3.3 shows the relationship between tractive effort and Time


The value of the max tractive effort at the wheel was obtained from the graph (2.4.4)


Max tractive effort at the motor 


The max velocity value was obtained from the graph (2.4.5) below.
 









[bookmark: _Toc509172935]Figure 2.3.4 shows the relationship between Velocity and Time


Vmax = m/s in rev/min




Max RPM of the motor 5000

So, final drive ratio          
[image: ]
Figure 2.3‑5 shows the excel spreadsheet for final drive 

2.4. [bookmark: _Toc508918718]BATTERY 

The three types of batteries that, at the moment, appear to be the most feasible are the leadacid (PbA), the nickel metal hydride (NiMH), and the nickel cadmium (NiCd). For long-term implementation, however the lithium-ion battery is more the favoured (Sharma, 2013). 
The chosen battery for the buggy is GBS 48V 100Ah Li-Ion Battery Pack with EMUS BMS and Charger. Full battery specification is shown in appendix (3). This battery has a charging unit which charges the battery when the buggy is stationary. When the buggy is in use the battery will be charged by the generator as mentioned previously.  At maximum cruising speed, the engine would be operating continuously to charge the battery. A main consideration with regard to battery storage is that the battery needs to store power in order to supply sufficient power to the motor. As shown in the spreadsheet in the previous assignment (1A), the power has been calculated in the Joules (14897.825). It was necessary to calculate the output power for the GBS 24V 100Ah Li-Ion in order to compare the output power from both. 
 The following equation has been used:


 = 8.64 mj

The above calculation shows that the battery produces sufficient output power to supply the motor.
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[bookmark: _Toc509172932]Figure 2.4.1shows the battery package for buggy (Evwest, 2017)


Graph (2.4.2) below shows the relationship between power VS time. 

[bookmark: _Toc509172933]Figure 2.4.2 shows the relationship between power and time







Graph (2.4.3) below shows the relationship between battery VS time

[bookmark: _Toc509172934]Figure 2.4.3 shows the relationship between battery and time


















3. [bookmark: _Toc508918719]COSTINGS

[bookmark: _Toc508918726]Table 3.1 shows the cost on the electric buggy (EBay, Evwest, Electricmotorsport, 2017)
[image: ]
In addition, the generator motor cost £279.00.



3.1. [bookmark: _Toc508918720]BUGGY WEIGHT 

The buggy was found to weigh a total of 500 kg. After conversion to a hybrid the components weight was found to be 122.12 kg. 
[bookmark: _Toc508918727]Table 3.1.1 shows the weight on electric buggy (Evwest, ebay, 2017)
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4. [bookmark: _Toc508918721]SYSTEM SPECIFICATION AND DISCUSSION

The most suitable motor for the buggy was AC35 because it is lighter in weight compared to the other electric motors. This motor is used in many electric vehicles at the moment. This brushless motor has advantages such as it does not have brushes or a physical commutator.  Thus, it has fewer parts that can wear or break down. It is more reliable, more efficient and will last longer (Manning, 2013). It also has a less noisy operating system
The chosen controller was the Curtis 1239e-8521 144V which is recommended by Curtis for use with the above AC35 motor. This can produce more power and torque than AC35 motor as can be seen in appendix (3).  
The reason the Genuine DLE120 cc Gasoline Engine has been chosen is because it is smaller than the existing buggy engine. This reduces the buggy weight and reduces fuel consumption (Manning, 2013). This engine/generator has a better capacity, which produces more power to drive the Brushless AC Motor and the other components. It is easy to replace in the event of any accidental damage or breakdown due to the terrain track. 
The chosen battery was the GBS 48V 100Ah Li-Ion, which has a capability to supply sufficient voltage to the motor and another component. Another great advantage of the AC35 motor is that it has built in regenerative brake technology. This allows the battery to be charged by the motor. It also helps the battery in the case of failure of the main sources of power. This helps the battery during cruising. 
Related maintenance and safety on series hybrid vehicles is less than ICE engines. This is due to it containing fewer moving parts. As the hybrid vehicle has a built-in regenerative braking system it significantly reduces brake wear. Fewer oil changes are required and no regular maintenance is necessary. It has a safety related battery pack, high voltages and the battery is sealed with shells. These seals protect the battery in various conditions such as collision, water immersion, vibration, overcharging, short circuits, fire and extreme temperature and humidity. One of the main features of this high-insulated battery is the deactivation of the electrical system in the event of short circuit or unknown events.
The application of series hybrid vehicles engine should be easier than for conventional ICE vehicles. This is because the operating speed and power ranges of the engine are more limited, and emission control is less difficult in series hybrid vehicles (Yamaguchi, 1996). This is because, if the series hybrid is operating in pure electric mode, the vehicle emissions will be zero (Rizoulis, 2001). 















5. [bookmark: _Toc508918722]CONCLUSION 

In this study of the design of a series hybrid vehicle, it was concluded that the components needed to meet the vehicle performance specification could be packaged in the available vehicle space. In addition, the operation of the series hybrid vehicle was simple, and control of the system was not difficult. 
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Appendix 1
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Appendix 3
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BMS Information
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Appendix 4
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PRODUCT

DESCRIPTION

COST

Motor

Curtis 1230¢-8521 HPEVS AC-35 Brushless AC MotorKit
- 144 Volt. Some of the benefits of an AC induction motor
are a longer powerband, higher RPM, regenerative braking,
and easy reversing. This product already comes with the
HPEVS Curtis 12387601 96V 650 AMP Controller, 2x
Tyco Contactors, 2x Wire Harnesses, Dash Displays

£3176.59 (Inc. VAT)

Controller

Curtis 1230¢-8521 144V 500 AMP. AC controller that
operates at 120-170V. It can draw up to S00A producing up
to 88HP and 108ft-Ibs of torque. At a modest 144 volts, it
makes a safer low voltage system that will give you lots of
reliable EV miles.

£1956.36 (Inc. VAT)

Battery Pack

GBS 24V 100Ah Li-Ion Battery Pack with EMUS BMS
and Charger.

£1412.29 (Inc. VAT)

Generator

Genuine DLE 120cc Gasoline Engine Displacement:120ce,
Horsepower:12HP/7 500 RPM and Idle Speed:1300 RPM

£548.95 (Inc. VAT)

Total Cost

£7094.19 (Inc. VAT)
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SERIES HYBRID BUGGY WEIGHT

Generator motor 23k
ICE 2718k
Motor 52kg
Controller 545k
Battery pack 15.5kg
Total | 122.12 kg
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Curtis 1239e-8521 HPEVS AC-35 Brushless AC Motor Kit - 144 Volt
[AC-35-144]

Price: $4,449.00

The AC35 s an AC motor that operates at 120-164V. It can draw up to S00A producing a
peak of 82 HP and 94 ft-Ibs of torque out to 5,000 RPM. This kit works very well in 3 medium
sized cars and lightuweight vehicles. Features regenerative braking and idle function as well
Ata modest 144 controller volts it makes  safer low voltage system that wil give you lots of
reliable EV miles.

This kit includes:
HPEVS AC35 Motor

Curtis 12398521 Contraler

35 Pin Connector and Wire Harness
Gigayag GV200-MIA Contactor

12 Volt HY Relay

Prechargs Resistor

Curtis 840 Dash Gauge

SPST Menu Button

SPST Mode Switch

Motor Face: B-Face
Motor Diameter: 8.980 Inches

Motor Case Length: 12.8 Inches.

Motor shaft Length End to End: 17.5 Inches
Motor Type: AC Induction

Brushes: No

Interpoles: No

Weight: 52 K (115 Ibs)

Max Voltage Input: 164

Terminal Stud Size: 3/8 Inch

Integrated Sensors: Encoder

Rated Torque: 94 Lb Ft

Rated Power: 52 Hp
Continuos RPM: 5,000

Max RPM: 10,000

RPM Sensor: No

Drive End Shaft: 1 1/8 Inch With 1/4 Inch Keyway.
‘Ace/Commutator End Shaft: Optional 7/8 Inch With 3/16 Keyway
Timing: N/A

Max Temperature: 180 Degrees Celsius (356 Degrees Fahrenheit]
Matching Controller Included In Price: Curtis Controller
Warranty Period: 2 vear
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HPEVS Curtis 1239e-8521 144V 500 AMP Controller, [Curtis 1239]
$2,740.00

Curtis 1238-8501 AC controller that operates at 120-170V. It can draw up to 00A producing up to
88HP and 108ft-1bs of toraue. This kit works very well in a medium sized cars and lightuweight
vehicles. Features regenerative braking and idle function as well. At a modest 144 volts it makes a

Price

safer low voltage system that will gve you ots of reliable EV miles. Available with after market Chill
Plate adapter that allows for liquid cooling. Has 3 more horsepower heavy power curve than the
12387601,

“Harness and Display sold separately

Max Current 500 Amps With Liquid Cooling (2 Min. Max)
Rated Power: 65 KW (35HP)

Input Voltage 120-170 Voits

Length: 10,82 Inch (2750MM)

Width: 9.14 Inch (232MM)

Height: 3.15 Inch (80MM)

Weight: 5.45 Kg, 12 Lbs

Adjustable Max Output Voltage: 144

Switching Frequency: N/

Brake Input Overrides: Yes

Error Output Warning Indicator: Yes

Precharge Circuit: Included

Computer Interface:
Data Logging Capabilities: Yes

Tach Output: Yes 1, 2, 4,6, 8 Pulses

Limp home Mode: Yes, Controller Will Derate To Keep Pack Above Minimal Battery Voltage
Firmware Upgradable: Yes

Internal Contactor: No

‘Thermal Derating; Ves, Derates After Temperature Gets Above 80 Degrees Celsius (176 Degrees
Fahrenheit)

Reverse Capability: Yes

Adjustable Acceleration (Slew Rate): ves

Idle Function: Yes, 500-1500 RPM (Modern Vehicles Idle from 600-800 RPM)
Programmable Inputs: Yes

Programmable Outputs: Yes

Terminal Stud Size: 3/5 Inch

RPM Sensor: Internal

Max Efficiency: 88%

hernet Port
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GBS 24V 100Ah Li-lon Battery Pack with
EMUS BMS and Charger

B the fist o review tis product

= conigures: $1,978.97
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Battery Information

GBS is a high-tech manufacturer who specializes in developing and manufacturing of LiFeMnPO4,
power battery packs. GBS owns a patented environmentaly friendly solvent binder (which replaces
“PVDF”) and creates a unique scalable battery cell design. GBS has developed more than 10 battery
products with single cell capacities ranging from 20AH to 400AH. They are the ideal energy sources
not only for electric bikes, scooters, hybrid electric vehicles (HEVs) and electric vehicles (EVs), but
also for energy storage devices used in solar and wind electricity generation applications and other
multi-power systems, as well as military use.

GBS Features

- 10% higher energy density by weight and by volume than Thundersky batteries.
- Superior safety performance due to patented new safety valve and pressure cap designs.

- Safer chemistry minimizes risks of explosion and fire when batteries are shorted or punctured
resulting in internal shorts,

- Robust connection due to new electrode terminal design using four rivets or four screws per
terminal. This helps prevent loose connections caused by vibration.

-Reduced impedance due to improved electrode terminal design.

~improved cycle life.

- New cel structure better facilitates BMS integration and battery pack formation, and improves air
circulation,

specifications

- Nominal Voltage: 12.8V (4X 3.2 V)
- Nominal Capacity: 100 Ah

- LiFeMnPO4 chemistry

- Operation Voltage Range: 11.2 to 14.4V

- Weight: 14.5 kg or 31.96 Ibs

- Dimension: 140X28072243 mm or 5.51X10.79.56 in

- Max Charging Current: 3C

- Max Discharge Current: 3C (continuous) / 10C (pulsed)

- Cycle Life : 1500 (80%DOD)

- Operating Temperature: -20t0 65 C or -4 to 149 F

- Self Discharge Rate: <3% monthly

- Accessories included: jumpers, bolts or rivets, washers, split washers and cell covers
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Recent development of rechargeable battery technology allowed wider use of electric
propulsion in electric vehicles, electric motorcycles, boats etc. Most popular high
performance batteries are based on Lithium chemistries. Such batteries require systems to
keep them in the specified usage range while being used. The Battery Management System
(BMS) is required for batteries that are sensitive to their usage conditions such as current,
voltage and temperature. Emus BMS is the product intended for use with Lion. LiPQ.
LiFePO4 and other chemistries prismatic battery cells which operating voltages range is from
2V to 5V. Emus BMS is 2 distributed type of digital BMS with central Control Unit_ It does
the balancing of the cells by dissipating the excess energy of cells as heat which is often
referred to as passive balancing

Included

+ BMS control unit
+ BMS cell modules
+ Dual range current sensor

Optional Accessories (sold separately)

« Bluetooth Adapter
« Solid State Relay

« Display (tablet or phone with Android OS or Windows Mobile OS)
« Spare BMS cell modules

Elgktromotus (EMUS) BMS Features

« Support of various charging algorithms by flexible software upgrades

« Voltage and current control of battery charger via CAN bus

- Supported CAN charger: currently Elcop PFC series, other models implemented by
software upgrade

« Observation of every battery cell voltage and temperature

« Control of battery cell equal charge applying shunting current

« Gradual control of shunting current from 0 to maximum

« Possibility to limit shunting current to specified maximum which reduces dissipated
heat

« Peak dissipated power per cell: SW

« Easy battery connection via one wire g

+ Easy expansion of number of controlled

« Maximum number of controlled cells: 255

« Single cell voltage range: 2-5V - the best fit for Lilon, LiPo, LiFePO4 chemistries

ing betiveen adjacent cells
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Specifications

Battery pack voltage
Balancing tpe

Control Unit supply voltage range
Control Unit consumption

Control Uit outputs maximum
drive current

Control Unit RS232 speed
Control Unit CAN speed
Control Uit USB speed.
Control Unit dimensions
Cell Modile voltage range
Modsle consumption
ell module shunt resistor

Modsle maximum balazein

ell Modle voltage measuremen

Modsle temperature
‘measurement accuracy

(Cell Modile communication speed

(Cell Modile dimensions

Distributed with central control unit

custom skapes cel mod
From 101300V
Dissivative

57600 bits's SN
upto 1 Mbps
standard Full Speed

030 mm

SmA average,

SmaA peaks

25y

7 Ot 5W

3 s per cell, allows toreceive 45 cell parameters information in
approx. 0,1 second
50530 17mm
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Description:

When you are viewing of a wonderful DLE120ce { think of it is a good choice for you in our website
‘mbuynow com and it have a nice quality and powerful 120cc engine at an excellent price.

1¢5 easy to assemble and the electric igaition for faster firsttime starts smooth idling and super throttle
transition.

Specification:

Displacement 120ce

Horseporwer:12HP/7 500 REM

Idle Speec:1300 RPM.

Bore:1 82552

Stroke:1.38

Compression Ratio:10.5:1

Static Thrust:20.9 Ib (9.5 kg) @ 328 feet altitude

CatbusipuDLE with ‘manual choke

Electric Igniton:149g

Engine Mouat Standoffs:141g

Total Weight2781g

Idle adjustment sgrgyy;Tuen clockwise to incre;
Low speed needle:1.25 turns from closed
High speed needle:1. 5 turns from closed-both needles presgt at factory

 idle speed counter-clockwise to decrease idle speed

Distance between cylinder head 0.8 (2
Cylinder head diameter:3.14 (S0mm)
Standoff length:0.79 (0mm)
Lengtback of crankease to prop drive hub:6.5(166mm)
Width from carb to crankshaft center:4.6 (116
Features:

1.50 1bs of static thrust -ideal for intense 3D aANELERS

2 Electronic igaition for faster first time starts smooth idling and superb throttle transition
3.Tuwin opposed cylinders reduce vibration and increase performance

4.Sealed crankshaft ball bearings.

5 Matehed slumingm mofflers

6Two year limited warranty through hobby services beginning at date of puse.

Caution:

1. There s a relatively high pressure at ignition, please don't disassemble it

2. Please do not power on valess the high pressure cap connects the spark ph
internal of electronic ignition.

3. Be away of water and ofl, also avoid using an igrition in wet environment,
4. Please use your igrition with an independent porer, and avoid using the same power youre your remote
control device, 50 a3 not o interfere with the receiver.

Please keep your throtle linkage away from high-voltage lines, 50 as not to interfere with receiver.

6. Please install your ignition in independent location to avoid affected by heat may cavse overheating

7. Please be sure to use the spark plg with resistor to avoid interference.

8. I there is 2 tremor and high-speed falters on your engine, please check the ignition battery capacity is aot
enough or insuffiient volta;

Packaged Included:

DLE 120ce Gasoline Engine

Two Mofflers

Ignition Module

Tuo NGK CMS6 Spark Plugs

Spiral wire wrap

Connector clips

Instruction manual and four 0.98(25mm) standoffs

a2 to avoid damage the
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Quick Detalls
BrandName:  HEPU

Frequency: 90 (H)

Phase: Threephase

Place of Origin: Guangdong, China (Mainland)
Rated Power:  3.54W)

Mex Speed: 6800 (RPM)

Spline Teeth Nu..18

Model Number: HPQ35-60-18N
Output Power: ~ 35KW

Certification: ~ CCC, CE, CQC, IS09001, 15014...
Efficiency: ~ Other

Rated Current:  72(A)

Reted Torque:  11(N.m)

Puise Number: 64

Type: Asynchronous Motor
Protect Feature: Waterproof
ACVoltage: 60V

Weight: 2(K6)

Rated Speed:  3000(RPM)

Spline Type:  Internal Spiine

Duy: S260min




image1.jpeg
PRIFYSGOL CYMRU
Y Drindod Dewi Sant
UNIVERSITY OF WALES

Trinity Saint David

SWANSEA - ABERTAWE





