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In the first report, an off-road course for corporate use was designed and a duty cycle was made with Microsoft Excel. 
This report shows the transition to a hybrid system where the components (generator, batteries, motor and controllers) are researched and chosen. All the components were chosen via data calculated and collected in the Excel spreadsheet.  There were two graphs produced show the average power through the duty cycle and the battery drainage. 
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1. [bookmark: _Toc509443368]Introduction


An in-depth research into producing a series hybrid version of the recreational buggy that was theoretically used to create a duty cycle in the previous report. The buggy (POLARIS ACE) which is powered by a 150cc internal combustion engine (ICE) will be removed and replaced by a generator, energy storage and controller, and a smaller (ICE) e.g. motorbike engine with controller. For this to be achieved a report of different types of series hybrid applications will need to be undertaken and research into final drive solutions.
The internal combustion engine needs to supply sufficient power to achieve average power at the wheels. The engines RPM will remain constant at the maximum torque range as this is where it is most efficient.
Throughout, a preliminary report will be undertaken on the cost of each individual parts needed to convert the buggy to a series hybrid and the change in total mass will be theoretically calculated using an example mass of an engine and gearbox that will be removed from the buggies total mass.
A decision will be made on the type of generator for the ICE used and why it has been chosen and its benefits for the size of engine used.










2. [bookmark: _Toc509443370]Technology review


2.1 [bookmark: _Toc509443371]DC Motors

The main DC motors are known as shunt, series, compound, and permanent magnet types and are all commonly used. The starting current of a DC motor is much higher than its running current whilst the motor is operating at its rated speed. As the motor begins to reach its rated speed, the current being inputed is decreased until the motor reaches it rated speed. The armature current stops and residues constant thereafter (Keljik, 2013).

[image: ]Shunt DC Motor- gives great speed parameters because the field can be excited independently from the armature windings.[bookmark: _Toc509443408]Figure 1: Shunt Type DC Motor (MCMA, 2018).


[image: ]Series DC Motor- generates large amounts of starting torque, but can’t regulate its speed i.e. self-destructing- no load. Not a great choice for variable speed drive systems.[bookmark: _Toc509443409]Figure 2: Series Type DC Motor (MCMA, 2018).

[image: ]



[bookmark: _Toc509443410]Figure 3: Compound Type DC Motor (MCMA, 2018).

Compound DC Motor- separate excited field. Good starting torque, can experience problems in variable speed drive systems (MCMA, 2018). 
[image: ]Permanent magnet motor- generates a field flux. Offers great starting torque and great speed regulation. Torque is narrow so usually found on low power systems (Physics tutor).[bookmark: _Toc509443411]Figure 4: Permanent Magnet Type DC Motor (Physics Tutor, 2018).


























2.2 [bookmark: _Toc509443372]AC Motors


More recently in automotive use, electric hybrid vehicles are using AC and brushless motors (Ḥusain, 2010).


Synchronous motor, creates a rotating field. This field tries to pull the rotor with it, but can’t because of the rotors inertia. Therefore, no starting torque is created- synchronous motors are not self-starting[image: ].[bookmark: _Toc509443412]Figure 5: Synchronous Type AC Motor (Circuit Globe, 2018).




[image: ]Induction Motor- Converts AC power into mechanical power by using an electromagnetic induction. The induction motor is mainly categorised into two types, the single-phase induction motor and the three phase induction motors.
[bookmark: _Toc509443413]Figure 6: Induction Type AC Motor (Circuit Globe, 2018).








3. [bookmark: _Toc509443373]System Specification and Discussion

3.1 [bookmark: _Toc509443374][image: ]Power Requirements and energy draw from the battery[bookmark: _Toc509443414]Figure 7: Power against time graph showing average power at around 3Kw (Excel, 2018).



The graph above shows the power out from the first report with a trend-line showing the average power at around 3Kw (3.13Kw).
[image: ][bookmark: _Toc509443415]Figure 8: Energy drawn from the battery against course time (KJ) (Excel, 2018).


The course specified and made in the first report can be seen that it is not over-demanding on the vehicle’s battery as most of the time power is going into the battery and not out. 



3.2 [bookmark: _Toc509443375]Electric Motor (5KW BLDC Motor)

[image: ]
The motor specified is a DC type and has a rated power of between 3- 7.5Kw. This is ideal for the hybrid conversion as specified in the previous report the maximum power occurred was 7.43Kw and the average was 3.13Kw. The efficiency of the motor is recorded at 91% and the total weight is 11Kg for the air-cooled version.[bookmark: _Toc509443416]Figure 9: Air cooled electric motor- 3- 7.5Kw (Golden-Motor, 2018).


The motor being 48V means that 4x 12v batteries are needed in this hybrid system.
Several positive to this motor is that it is brushless which reduces the chance of parts braking/ going wrong and less moving components. Furthermore, the motor being air cooled is to reduce weight and cost and as it is being fitted to an outdoor buggy it will always be in contact with the external air.



 
[bookmark: _Toc509443417]Figure 10: Electric Motor Specs (Excel, 2018).


3.3 [bookmark: _Toc509443376]Controller (5KW BLDC Motor Controller)
[image: ][bookmark: _Toc509443418]Figure 11: Controller for the Electric Motor (Golden-Motor, 2018).

The chosen controller comes from the same website/company (https://www.goldenmotor.com/frame-bldcmotor.htm) as the motor and is recommended for the use with the motor. Both are 5Kw units and the specifications can be seen below.
A wiring diagram can be seen at the bottom of the page for an example of how the controller and motor will be connected and work.
[image: ]



[bookmark: _Toc509443419]Figure 12: Specs for the Electric Motor Controller (Golden-Motor, 2018).

[image: ]




[bookmark: _Toc509443420]Figure 13: General wiring diagram for controller and electric motor (Golden-Motor, 2018).



3.4 [bookmark: _Toc509443377]ICE and Generator Unit

Before buying a Petrol/Diesel generator, it is critical to understand what power is required to drive the equipment. Nominal power links to the constant power distributed when the generator set is functioning (Groupes électrogènes Gelec, 2018).
Average power generator is 3.13Kw and the Clarkes’ generator produces a maximum output of 4KVA and a continuous power output of 3.2Kw. 
[bookmark: _Toc509443421]Figure 14: 3.4Kw Diesel Generator with Specifications (Generators-direct.co.uk, 2018).

The diesel generator was chosen for the reasons-
· Designed to work under load for longer periods of time.
· More fuel efficient.
As the buggy’s will be run a lot for recreational use it is a great option to have a generator that can withstand constant running and loads applied to it.
Both the electric motor and generator are air cooled because of the use of the buggy and the limitation of body panels restricting cool air. With efficiency losses through the components in relation to heat, friction a slightly bigger generator was chosen compared to the average power demand. This is to maintain sufficient power to the battery even through efficiency losses.



3.5 [bookmark: _Toc509443378]Battery 
[image: ]
The chosen battery is a 12v, 52Ah Bosch unit. The power was calculated from the equation (P=V x A)/ (12 x 52 = 624) and then (624 x 60 x 60 = 2246400J or 2.25MJ).[bookmark: _Toc509443422]Figure 15: Chosen battery (12v, 52Ah) (Advancedbatterysupplies.co.uk, 2018).

Four of these batteries will be used for the 48v electric motor used.
[image: ]

[bookmark: _Toc509443423]Figure 16: Battery Specifications and drainage (Excel. 2018).



3.6 [bookmark: _Toc509443379]Invertor 
[bookmark: _Toc509443424]Figure 17: The chosen invertor and its specifications (Excel, 2018).

This invertor allows AC to be converted into DC power for the battery and other equipment that needs a DC supply. It’s the same principle as on automotive alternators. An alternator makes AC usually three waves to produce more constant power but a rectifier converts it to DC to be consumed by electronic components (30kW, 2018).





3.7 [bookmark: _Toc509443380]Final Drive Calculations

[image: ]As seen in the Appendices the RPM at which the motor is most efficient is at 3861rpm. A final drive ratio was inputted and a total average work-out from the duty-cycle. It was found that a final drive ratio of 11.25:1 gave an average speed for the electric motor of 3853.49rpm/ 403.3316116m/s. This allows the electric motor to be at its most efficient for most of the time because of the average wheel speed during the duty cycle. [bookmark: _Toc509443425]Figure 18: Showing the chosen Final Drive Ratio and the average and most efficient speeds (Excel, 2018).















4. [bookmark: _Toc509443381]Preliminary costings


[image: ]Costs can be significantly saved especially when it comes to buying the generator. The equivalent petrol generator can be purchased for around a quarter of the price of the Diesel generator chosen. See 3.4 for reasons to why a Diesel generator was chosen. 
















[bookmark: _Toc509443426]Figure 19: Cost of the Components for the Hybrid System (Excel, 2018).








5. [bookmark: _Toc509443382]Conclusions and recommendations


Recommendations include using capacitors to store energy for instances where the input is lower than the output. This is to reduce weight and space of traditional batteries. A Diesel generator was chosen based on how much the buggies will be used for the recreational use and that how efficient and quiet modern technology has made small Diesel applications. 
As no live testing has taken place it might be that a petrol generator made be a better application because of size and cost. Through research it showed that Petrol versions with equal power to Diesel generators can be up to a quarter of the cost.
A final recommendation would be to take advantage of regenerative braking through the duty cycle. As there are lots of down-hill sections which will require braking the energy created from this could be fed back to be stored to be used later where there is excessive load required from the electric motor. A motor would increase the potential but would also require excessive battery storage and a big generator to keep the battery topped-up.
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7. [bookmark: _Toc509443384]Appendices[image: ][bookmark: _Toc509443427]Figure 20: Electric Motor Test Curve.

[image: ]The electric motor test curve from the website- (https://www.goldenmotor.com/frame-bldcmotor.htm). The max torque and power point can be seen for specific RPM’s.
[bookmark: _Toc509443428]Figure 21: Dynamic Test data of the Electric Motor.

Series Hybrid Vehicle Requirements
		Series Hybrid Vehicle Requirements
image1.png
G hitpsy/boo

jo0gle.co.uk/bool

G Electricity 4 AC/DC Motors, I Cite This For Me: Harvard, APA. @®
A privacy reminder from Goog

Review now

Google  acand dcmotors

Books Q 52| oo Add to my library ¥ Write review Pages < > a -
Resull 1 of 48 s book for ac and d motors - < Previous Nex!, - View al Clear seareh
‘GET PRINT BOOK
A
Pages 6 107 are not shown in tis previev.
No eBook available ~
CengageBrain.com
‘Amazon.co.uk
Bookbeposiory UNIT 1 THE DG SHUNT MOTOR
Waterstone's
WHSmith " N "
Blackwell
Find in a library ‘ i ‘ e agsass i
All sellers »
l UNTERGLOGKWISE ROTATION l GLookwisE FOTATION
= C [ L
0Reviews
e FIGURE 1-8 Standard connections for shunt motar
Etectricity 4: ACIDC Motors] @ @ “
onirors, and Mamionance] [ory:me [ry:me [Ty —
By Jefirey J. Kelik - - -
NoRTH NoRTH SoutH
ac and dc motors. Go ~® @ @
oot s ook south south NoRTH
[C:an- wd e ~
o0 ol cnoMLComEoTINS Ve AMUECOMEGTION _ REVERSEFELD PO 0
— FIELD POLARITY AS SHOWN.  CHANGEDTO GIVE OPROSITE  ARMATURE POLARITY FROM
ARMATURE CLRAENT AS CIREGTION OF CURRENT N MIDDLE DIAGRAN AESULT  §
Shop for Books on Google Play SHOWNWOULDPRODUGE A ARMATURE WHLE MANTAN- I\ THE SAME CLOCKWISE
COUNTERCLOCKWISE NG FIELD DIRECTION RESULTS  DIREGTION OF ROTATON. =
Browse the worlds argest ROTATION N GLOGKWISE ROTATION g
eBookslore and star reading today N . . .
D o readind FIGURE 1-9. Reversing either the armature connections or the feld connections causes
onthe the direction of armature rotation o change; changing bath connections resuls I the same
drrection of rotation
Go to Google Play Now »
STARTING CURRENT AND CEMF
My library The starting current of a DC motor is much higher than the running current while the motor is by
My History

Do you want AutoComplete to remember web form entries?  Learn about AutoComplete

B me 2

270272018




image2.png
G hitpsy/boo

google.co.uk/bool G Electricity 4 AC/DC Motors,.. | LJ Cite This For Me: Harvard, APA. ]

A privacy reminder from Google  Review now

Google  acand dcmotors

Books Q Il oo Addtomymray < Writereview Pagez - < > o -

Result 1 of 48 i this book for ac and do motors - ¢Previous Nexs - View all Clear search

‘GET PRINT BOOK

No eBook available ~
CengageBrain.com Pages 20 to 21 are not shown in this preview.
‘Amazon.co.uk
BookDepository
Waterstone's
WHSmith 22 UNIT 2 THE DC SERIES MOTOR.
Blackwell
Fdin e brery ROTATION
sellers »
“The direction ofrotation may be reversed by changing the direction of the current either i the
series field or the armature (Figure 2-3).
e
Wt revew A A s B . s s,
Iogg! CO: m
[Etectricity 4: AC/DC Motors) COUNTERGLOCKWISE ROTATION CLOCKWISE ROTATION H
Ontrors. and Maintenance] e L
op——
FIGURE 2-3 Standard connectionsfor series otors.
ac and dc motors. Go
Ao this book MOTOR RATINGS
Series DC motozs are rated for voltage, current, horsepower, and maximum speed.
0o |:| |: Summary
o The DC series motor has very high starting torque at very low speed (Figure 2-4). This
Shop for Books on Google Play characteristic makes it ideal for traction motors. These motors are used in forklifts and diesel
Browse the world' largest electric locomotives. The relative speed of the motor is controlled by adjusting the applied
eBookstore and start reading today Voltage to both the serics field and the armature. The motor can be reversed by changing the
on the web, tablet, phone, or direction of current in cither the series field or the armature.
ereader
Goto Google Play Now» i
My library
_— v
My History v Do you want AutoComplete to remember web form entr Learn about AutoComplete. Yes

B me 40

270272018




image3.png
G hitpsy/boo

google.co.uk/bool G Electricity 4 AC/DC Motors,.. | LJ Cite This For Me: Harvard, APA. ]

A privacy reminder from Google  Review now

Google  acand dcmotors

Books Q 52| oo Add to my library ¥ Write review Page20 v & > a -
Result 1 of 48 in this book for ac and dc motors - ¢ Previous Next» - View all Clear search
‘GET PRINT BOOK — T s
i -t — H
° FULL LOAD 2
. NoLoso (MEGHANICAL LOAD) ¢
No eBook available ~

FIGURE 3-4 Graph of speed regulation of shunt. compound, and series-connected DC moors.
CengageBrain com

Amazon.co.uk the speed regulation is very poor. The shunt motor has less torque at higher loads, but the speed

BookDepository regulation is very good. The compound motor has characteristics of both, in that the torque
Waterstone's and speed regulation characteristics are in
WHSmith between the shunt and the series motor
Blackwell
ROTATION
Findin a library

The rotation of a_ compound-wound
motor can be reversed by changing the
direction of the currentin the field circuits

Al sellers »

i or the armature circuit (Figure 3-5).
0Reviews (g .

Wit review Because the serics field coils must also be

reversed if the shunt field s reversed, it is
conventional to reverse the current n the
armature only

Electricity 4: AC/DC Motors]

PRELIMINARY TEST H
- FOR CUMULATIVE
COMPOUNDING cuoskmsE RoTHTION
ac and dc motors Go 5
When a motor is first connected, it is Lt H
About this book important to determine the continuity of  £1GURE 35 Standard connections for

the shunt field circuit. In addition, for 8 compounc motore,

DDDD';_ ;

Shop for Books on Google Play

Browse the world's largest 30 UNIT 3 DC COMPOUND MOTORS
eBookstore and start reading today

onthe web, tablet. phone, or

ereader

compound-wound motor, the proper magnetic polarity of the shunt and series field must be
determined. Standardized tests determine these canditions, For example, when a compound
mator is ready to be placed into aperation, a double check for proper compounding is nec-
essary. It must be verified that the series field is aiding the shunt field flux. Connecting the
My library. compound motor is referred to as cunuative compounding, If this is not done, the motar may

Go to Google Play Now »

My History &

Do you want AutoComplete to remember web form entr Learn about AutoComplete Yes

[ Y =EAE |

7/02/2018




image4.png
Permanent magnet
poles

DC Source
a)
@ @ -+

DeSowrce | ()





image5.jpg
3-phase
Supply

Synchronous Motor

D.C rotor
excitation system
supply




image6.jpg
Electromagnetic
Field Stator

Electromagnetic

Torque rotor

Main Field

Induction Motor




image7.png
POWER (KW)

AVERAGE POWER TREND-LINE (POWER (KW))

[
TIME(S)





image8.png
ENERGY DRAWN FROM BATTERY

2
B
e

TIME(S)





image9.png




image10.emf
Model: HPM5000B -- High Power BLDC Motor

Voltage 48V/72V/96V/120V

Rated 

Power 3KW-7.5KW

Efficiency 

(%) 91.00

Phase 

Resistance 

(Milliohm) 6.2/48V; 12.0/72V; 36.0/120V

Phase 

Induction 

(100KHZ)

68uH/48V; 154uH/72V; 504uH/120v 

Speed: 2000-6000rpm (customizable)

Weight 11Kg(air),11.35kg(water); Casing: 

Aluminium

Length 126mm Diameter: 206mm

Keyway 

Size 5mm(W) x 43mm(L) x 19mm(D:22.3mm)

Features Compact design,Water resistent, Stainless 

Steel Shaft, Self Cooling Fan

Applications

Electric car, electric motorcycle, electric 

tricycle, electric golf carts, fork lift, 

electric boat, etc.
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Readings

Max Torque (mN.m) 24117.9 @ 2389RPM

Min Torque (mN.m) 360.0 @ 4389RPM

Speed Window (RPM) 2000- 6000
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Model: VEC300

Voltage 48V/72V/96V

Rated DC BUS current 30A¡«200A

Rated output power 1000¡«10000W

Motor control mode FOC

Quiescent operation 

current 20~40mA

Speed Limit Controlled by motor and configuration

Driving Method Direct torque control

Keyway Size 190mm(L) x 180mm(W) x 50mm(H)

Weight 2.5kg
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Specifications

Manufacturer Stephill

Maximum KVA 4.00 KVA

Continuous KW 3.20 KW

Sockets 1 x 16a 115v, 1 x 32a 115v,1 x 16a 230v.

Fuel Type Diesel

Run Time 13.00 hours

Noise Level 71 dba @ 7m

Weight 84.00kg

Dimensions 475 x 560 x 775mm

Fuel Capacity 13.00L

Starting Method: Recoil

Frequency 50Hz
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Bosch S4002 Battery

Voltage (V) 12.00

Ampere Hours (Ah) 52.00

Multiplied 624.00

Joules (60x60) 2246400.00

Mega Joules (MJ) 2.25
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Low Frequency Off grid 

With function of automatic 
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Pure Sine Wave Inverter 
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Final Drive Ratio 11.25:1

Average Speed 3853rpm

Most Efficient Speed3861rpm
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Part # Part Name Description Qty Price (£) Picture

1

Diesel 

Generator

Mechanical power 

through combustion 

creates electricity.

1 2049

2

Electric 

Motor

Takes power from 

the batteries to be 

powered which is 

powered by the 

generator.

1 317.88

3 Battery

There are 4 of these 

to supply enough 

voltage to power the 

electric motor which 

is 48 Volts.

4 291.8

4 Inverter

This converts the 

output AC to DC to 

be allow the battery 

to be charged by the 

generator.

1 2093

5 Controllers

This controls the 

operation of the 

electric motor.

1 32.16

Total

8 4783.84
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Max Po. point 4734 175436 307,60 212769 2802 666191 s02
Max torque point a2 176418 836697 201179 2389 03352 721
End point 4742 176430 836719 20225 2388 603189 721
Rated rotate point 4738 132885 620672 14540.5 3476 sa2121 s6.1
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Dynamic Test

company: GOLDEN MOTOR
Type: HPM48-5000 rated U: 48V
E 620130514008 rated It 120 4
Operator: 001 rated P.: 5000 ¥
Date: 2013-5-14 rated 3500 REM
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