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Abstract

A range of powertrain components and series hybrid technologies for a series hybrid version for an
off-road buggy were researched and critically analysed. Research reviewed demonstrated that
components and technologies can affect overall vehicle performance and fuel efficiency. It was also
found that components have a major effect on power and size and weight of components contribute
towards this. The IC engine, generator and motor were seen to be key components of the series
hybrid drivetrain and the sizing of these greatly influenced torque and speed characteristics. The
compatibility of subsystems also contributed significantly to the efficiency of the drivetrain as did the
controlling systems of the motor and energy storage device. Spreadsheets showed that chosen

drivetrain components were able to produce enough power to achieve optimal vehicle performance.
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1.0 Introduction

According to Erjavec, (2012, pg29) series hybrid technologies enhance off road performance by
applying addition power to drive wheels when required, this process is permitted by “using
individual motors at the front and rear drive axles”. Coupled with this, series hybrid technologies
allow maximum torque to be achieved faster and produce less emissions and fuel consumption than
combustion engines (Paykani and Servani-Tabar, 2011 ) Thus, implying that it is more advantageous
to employ a series hybrid variant of the buggy for corporate events and recreational use. However,
it appears that series hybrid drivetrains have several disadvantages. These include additional weight
from the generator and traction motor must be a suitable size to ensure enough power is provided
(Ehsani et al, 2018). Therefore, suggesting that the powertrain components need to be investigated
to ensure optimum vehicle performance of the buggy. In addition there are many variants of
components available and these have different efficiency characteristics (Emadi, 2014), thus the
investigation of components is vital to ensure a well-designed drivetrain is created . In this report,
current research surrounding series hybrid technologies will be evaluated and relative costs will be
identified. A spreadsheet will be developed to analyse the relationship between energy flow and
component size, final drive ratio will also be determined. A conclusion on the control and

monitoring components and any recommendations will be provided atnd of the report.
SE

1.1 Aims

The main aim of this report is to investigate and critically analyse powertrain components for a

series hybrid variant of the buggy.

2.0 Literature review

F.:;:Ji | \-|1l:.§||1l- The series hybrid system has an electrical coupling
" system which comprises of two electrical sources,
h::.t;r nl]:\":l':l'l these feed into the electric motor; this allows for
I vehicle propulsion (Ehsani and Emadi, 2018).
Battery I—I .EEE:l‘l:Etlz }ri:(.:lzlirr | Furthermore, it has been established that the main
coupler) energy supply comes from the fuel tank, the internal

combustion engine and the generator (Kurfess, 2017). Figure 1 suggests that energy sourced from
the fuel tank must go through a conversion process in order to generate power. In addition to this,

energy is also sourced from the battery which can be
Figure 1: Series hybrid drivetrain

charged via plug in or recharged using the generator
(Ehsani and Emadi, 2018) geaviapig ESSHISE ThEE




(Emadi, 2014). Therefore, indicating that the generator plays a key role in the overall process. In
support of this, in order to prevent a significant loss in energy storage the power of the generator
needs to meet the requirements of constant and maximum speed as well as producing additional
power for lights and cooling fans (Fuhs, 2008). This suggests that generator sourced needs to be
powerful enough to ensure that the buggy can achieve maximum speeds. However, a study
conducted by Grzesiak et al (2011) discovered that power electric converters fitted to the generator
can ensure that power demand is fulfilled and optimize fuel consumption, therefore meaning that
long term financial costs will be less for the buggy company. Also, it is important to consider that
electricity is drawn from both battery and generator when a significant of power is required.
Therefore, this must be kept in mind when sourcing suitable parts. In addition, research shows that
the installation of a flywheel can also minimize power losses (Amiyar and Pullen 2017; Un-Noor et al
2017). However, a study conducted by Adsani and Beik (2018) shows that the most fuel efficient
series hybrid uses a permanent magnetic alternator. In this study it was found that fuel efficiency
was improved when the engine was turned off during idle. The study also found that the larger
alternators tended to be more costly, it was recommended that the power and speed requirement
had to be matched carefully in order to provide maximum efficiency; therefore, this will be an aspect

that is considered when sourcing an alternator for the buggy.

The internal combustion engine is linked with the generator and is used to generate electrical power
(Fuhs, 2008). However, as the ICE is not connected to the wheels and is not required to provide
power for acceleration (National Research Council, 2011) this suggest that the ICE can be smaller
making the buggy more lightweight. Furthermore, a smaller sized ICE that is a suitable size for the
continuous load rather that the load at high short term acceleration would improve fuel efficiency
(Ehsani and Emadi, 2018) This suggests that the normal rated power is more important than the
maximum rated power in a series hybrid ICE. Therefore, it is important that the engine has
sufficient continuous power to ensure average power is provided at the wheels. However, it is
apparent that the ICE does not have to be switched on at all times and shuts off when the vehicle is

decelerating (Dell et al, 2014), this is illustrated in figure 2.




Parking Electric-Vehicle Mode Extended-Range Mode Charge Mode Parking
(Engine off) (Engine generator on) Electric onboard charger

= charge depletion = charge sustaining from grid power

-« +-—>

state-of-charge

» Time

Figure 2: ICE usage in series hybrid vehicles (Dell et al, 2014)

A compact engine with fewer components would reduce maintenance costs for the buggy; in
addition smaller engines tend to be cheaper to purchase (Francois, 2013). It is apparent that the ICE
used can be four stroke or two stroke (Houyu and Guirog, 2011). A study conducted by Donitz et al
(2008) found that four stoke engines used in hybrids reduced emissions whereas two stroke engines
were smaller in size and lighter weight meaning that they had a better power to volume ratio.
However, it was discovered that there were only slight differences in fuel efficiency between the
two. To add to this further, Savioli (2015) suggests that whilst two stroke engines cost less to
manufacture, they do not last as long as four stroke engines. Therefore, building the buggy with a
four-stroke engine will be more cost effective in the long term as the engine is built to last.
Furthermore, as two-stroke engines require oil for lubrication as well as using gasoline (Liu, 2013),

this would add to the running cost of the buggy.

The motor and the controller is a significant component in series hybrid technologies as this provides
the power to the wheel, also the motor must be large enough to produce enough power to ensure
that the vehicle is running efficiently (Ehsani and Emadi, 2018). Thus, suggesting that overall vehicle
performance is effected by the motor size. It is apparent that there are two main types of motors
used; these being AC and DC, AC motors are said to be cheaper to purchase and are easy to
maintain, whereas DC motors are more expensive but are easier to control (Afjei et al, 2007). Thus,
even though the AC motor may be the cheaper option it may cause complications in buggy’s
operation. However, it is suggested that DC motors may require more maintenance as the motor’s
brushes need replacing regularly to ensure that the motor is operating efficiently (Emadi, 2014).

Therefore, indicating that this type of motor may present higher long term costs during for the




buggy company. One technical solution that could be used is a brushless DC motor; which according
to Wang et al (2017) is highly efficient and does not require a lot of maintenance. Intheir study they
established the three-phase motor to be the most effective motor to use, yet it was found that poor
performance was exhibited by the vehicle at low speeds and this was caused by the operation of the
phases. Therefore, it is apparent that an three phase brushless DC motor would be most suited to
use for the buggy but a solution may be needed to overcome poor performance at low speeds
should this occur. The type of motor control could provide this solution as the motor control
influences overall motor performance; there are three types of controllers for DC brushless motors,
these being sinusoidal, trapezoidal and field orientated control (Zhen, 2014). A study conducted by
Lee and Lemley (2009) discovered that motors controlled by sine waves (sinusoidal) provided a
“smoother operation at low speeds” and were more efficient than other types of controllers.
Therefore, it would be recommended to use a sine wave controller to control if using a brushless DC

motor in the buggy.

There are several available energy storage devices for series hybrid vehicles, Ehsani and Emadi
(2018) state that these include batteries, ultra capacitors, super capacitors and ultra high speed
flywheels”. Thus, suggesting that there are several available energy storage options for the buggy.
Neverthess, it appears that batteries are most commonly used in hybrid technologies (Mi et al,
2014). However, it has been established that batteries considerably add to the weight of vehicle and
can therefore have a negative impact on power and fuel efficiency (Fuhs, 2008). Therefore a battery
that is lighter in weight would be most efficient to use in the buggy. Research conducted by Iclodean
et al (2017) compared the different battery types used i%tronic vehicles and found that sodium
nickel batteries were low in cost and most efficient in energy consumption. Though, it appeared
that an “external system which maintained the batteries operating temperature” was needed to
ensure battery life was not shortened. Thus, this could add to the overall costs of the buggy.

Confounding research by Burke (2007) suggested that lithium ion batteries where most suited to use

Battery M

in electric vehicles as the material was low weight, low in

User Interface l \ Eledrica Control

cost and had greater energy storage capacity than other

batteries. Therefore, this battery may not have an

adverse effect on the buggy’s power and fuel

consumption and would be inexpensive to purchase.

In addition, the battery management system/controller

57
. . . . | Communication |I \,Thmd %
ensures a reliable operation, an illustration of a battery

management system is included in figure 3. Research Figure 3: Battery management system

conducted by Xing et al (2011) evaluated several types of (Xing et al 2011)




control systems focus on the state of charge (SOC), state of life, communication, data logging and
safety protection. Therefore suggesting that the BMS not only ensures reliability but also promotes
safety. A further study by Halme et al (2009) revealed that there were several available energy
storage system control methods. These included a DC bus voltage control, load control and hybrid
control method. Of these, it was found that the hybrid control system was most efficient to use as it
combines the DC-bus voltage and load control system. Therefore, this control enhances the

performance of the energy system.
3.0 Methodology
3.1 Sizing and compatibility of subsystems

After possible technologies for the series hybrid had been researched and components had been
decided upon, it was important to ensure that components of a suitable size were selected and that
each component was compatible with each other as a well-designed series hybrid depends on
tractive requirements and speed-torque characteristics (Eshani and Emadi, 2018) . Firstly, in order
to determine the suitability of components the maximum total tractive force, maximum velocity and
maximum power needed to run the buggy efficiently on the track was calculated. According to Mi et
al (2014) the tractive force of a series hybrid vehicles derives from the “traction motor shaft torque”.
However, this was originally worked out using the engine shaft torque, and the maximum total
tractive force was 1592.956 (N). The maximum velocity for the buggy was 4.7 m/s, according to
Hussain (2011) maximum velocity relates to the power requirement from the propulsion system and
is linked to the IC engine and the motor, therefore the engine and motor both have to be sized
correctly in order to meet maximum velocity requirements. The maximum power for the buggy was
5.33 kw. Mi et al (2014) state that the motor, generator and engine need to be sized suitably so
that maximum power can be sustained for long-distance and high speed driving. Therefore, in order
to work out the suitable size of components the suitable torque for the electric motor needed to be

calculated, the tyre diameter was needed to calculate this (see Appendix A for tyre specifications).

The following equation was used:

Maxir"mlm velocity =£ =969 RPS
tyre circumference  1.75
RPS x 60 = 2.69 x 60 = 161. RPM @ wheel

RPM @ wheel x 100 = 161.4 x 20 = 3219 RPM @ motor

Maximum tractive force x % of wheel = 1592. 95 x 0.279 = 444nm
Awk. il




Following this, final drive ratio was calculated, according to Vjyatherian(2017) a low final drive ratio
will to “less torque at the wheels but higher top speeds whereas a high FDR will cause the opposite”.
A low torque ratio of 20:1 was selected. 444nm was then divided by 20 giving a final drive of 22.22
nm, meaning that a motor with this maximum force nelszidto be selected. It was also important
that subsystems were compatible; the RPM of the engine needed to be suitable to maintain charge
to the battery. In addition, the maximum velocity requirements can be achieved from a combination
of the motor and the IC engine (Mi et al, 2014). Therefore, suggesting that one can compensate for
the other if less power is produced by one component. Also, if the components are undersized this
means that the power requirements at the wheels will not be achieved, whereas if the components

are oversized this may result in subsystem inefficiencies (Fuhs, 2008).
3.2 Component selection

The engine needed to produce a certain number of RPM to enable the alternator to spin and
provide sufficient charge to the battery, the engine sourced for the buggy was a four-stroke petrol
driven recoil starter engine; this was considered to be lightweight but heavy-duty (see appendix B
for image of engine and specifications). The battery included was a lithium ion 48V battery (see
appendix C for image and specifications), the battery control sourced was a DC bus voltage control
(see appendix D). As the battery was 48V the alternator needed to be 48V, the alternator chosen
was permanent magnetic (see appendix E for image and specifications). In addition, the motor had
to be 48V but also had to have enough nm force to achieve maximum torque and provide certain
power at the wheels, a DC brushless motor was selected (see appendix F for image and
specifications). The controller was already paired to the motor on the sourced website and this
ensures that enough power was received from the motor. The motor was controlled by sinewaves
(see appendix G). All costings for components are listed in the appendices and are also on the

spreadsheet. The total cost of buggy components was £2737.14




4.0 Results
4.1 Energy flow analysis

After suitable components had been sized the energy flows on the spreadsheets were analysed to
determine the efficiency of individual components. According to Wu et al (2014) the measurement
of torque against RPM is used to measure motor efficiency characteristics. From figure 5 it can be
seen that energy is sourced directly from the motor when the vehicle is accelerating; this is referred
to by Ehsani and Emadi (2018) as “demanded propelling torque”. While the buggy was braking
around corners and at the end of the course it can be seen that torque drops below 0 RPM, this
suggests that the buggy is operating in battery charging mode where no power is being fed to the

motor and the alternator is running purely to charge the buggy’s batteries (Mi et al, 2014).

Torque (nm) / RPM @ motor
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Figure 5: Graph of motor efficiency characteristics (Torque vs RPM)
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Figure 6: Graph of torque vs RPM at the wheel

From both graphs it can be seen that at maximum torque exerted is 300 nm, it was originally worked
out in the previous section that the maximum force of the motor needed to be 444nm. As the
motor is not overloaded at any point during the graph this suggests that that the motor will not
overheat and loose efficiency (Fuhs, 2008). In addition to this, it can be seen from the graphs that
sufficient power is being produced by the motor to produce enough power for “optimal vehicle
performance in terms of acceleration and gradeability” (Ehsani and Emadi, 2018). This links with
figure 7 of the drive cycle which shows a high peak in power demand can when the vehicle is

accelerating.
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Figure 8: Power used, joules vs time

The graph in figure 7 was cre determine how much power was needed over time. From the
graph it can be seen that less power is needed at the end of the course, when this is compared with
figure 8 which illustrates torque over time it can also see that there is no torque towards the end of
the course. The reason for this is because the buggy is decelerating. However, at approximately 113
seconds power from both the battery and motor tractive effort is being produced suggesting that
hybrid traction mode is in operation power is supplied by both battery and engine/generator (Fuhs,
2008). As the buggy was travelling up a slope at this point, this suggests that tractive effort was

caused by uphill resistance. Nevertheless, this shows that the drivetrain is powerful enough to
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overcome peak-power demands. It can also be seen from figure 8 that the battery is being given

enough time to charge, this suggests that the systems are compatible with one another.

Torque (Nm)/Time (s)

= 13

Torque (Nm)

Time (s)

Torque (nm)

Figure 8: Graph of torque vs time

4.2 Subsystem inefficiencies

From the spreadsheet it can be seen that there are several inefficiencies in the subsystems. When
selecting components the efficiency of subsystems were kept in order to minimise energy losses; a
PM motor was selected as it is more efficient as it rotor conduction loss has been eliminated (Jobnik
and Jain, 2014). In addition, it is smaller than counterpart motors, the motor’s inefficiencies were
10% and the controller was 3%. Also, a brushless DC alternator was chosen as it was considered to
be highly efficient and had high torque capabilities, the alternator had an inefficiency of 3%. The
battery had an inefficiency of 17%, on reflection, the subsystem may have been more efficient if an
supercapacitor was used as these are viewed as being lighter weight and more efficient. An
efficiency rating was not provided for the engine, however it has already been established in the
literature review that four-stroke engines are not as efficient aroke engines (Donitz et al,
2008) . When looking at ways to improve the efficiency of the ICE it is apparent that different engine
materials can reduce weight and thermal losses; therefore sourcing an engine made from fibre-

reinforced plastic or ceramic materials would improve engine efficiency (Ehsani and Emadi, 2018)
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5.0 Conclusion and recommendations

To conclude, it can be established that optimum performance of a series hybrid vehicle depends on
the type of powertrain components included in the drivetrain. Research showed that series hybrid
technologies were able to enhance performance and improve efficiencies. It was discovered from
early on in the report that the compatibility of components was essential and correct sizing of each
component was an imperative in order to produce a well-designed drivetrain. It was found that the
sizing of components depended greatly on the tractive requirement and speed-torque
characteristics of the buggy (Eshani and Emadi, 2018). Even though the engine, generator and
motor were seen to play a key role in the drivetrain set up, it is necessary to reflect that the way the
subsystems were controlled also contributed towards precise functionality in series hybrids. From
the spreadsheet it was determined that all selected components were compatible and able to work
in conjunction to produce enough power to achieve optimal vehicle performance and recharge the
battery, therefore this along with the research reviews justifies the approach to component
selection used in this report. However, when looking at subsystem inefficiencies it was found that
the use of several alternative components could have improved efficiencies further. Therefore, it is
recommended that supercapacitors could replace the use of lithium ion batteries and lightweight
materials could be used for the ICE. Nevertheless, it is also recommended that a permenant-
magnetic motor and brushless DC alternator should be continued to be used on the buggy as these

improve efficiencies and supply optimum power.
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Appendices

Appendix A - tyre specifications

Reve/km = 570mm

Diameter = 559mm %2 279

Width = 254mm

Sidewall = 152mm

Circumference = 1755mm
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SKU 92460
Anzahl Packsticke 1
Weight [kg] 0

Appendix B — Engine image, specifications and cost

Sourced from: https://www.manomano.co.uk/petrol-driven-motors/lifan-188f-c-254-mm-gasoline-
engine-e-start-13hp-heavy-duty-forestry-vibratory-plate-10070931?model_id=10070931 engine

LIFAN 188F-C 25.4 mm Petrol Engine Recoil Starter 12.9 HP
Heavy Duty Forestry Vibratory Plate

Reference: ME10070931

£194.-=

Delivery from £14.99
Sold by: WilTec
84% positive reviews (17223 sales)

Available delivery options:
» Standard delivery in 2 to 3 working days (P&P starting at £14.99)

Delivery to the British Isles only (UK, Jersey and Guernsey)

5116

Maximum power output: 12.9 HP / 9.5 kW / 3600 rimin
Usage / Information / Features  Recommended power output: 10.2 HP / 7.5 kW / 3600 r/min

Maximum torque: 23 nm/ 2500 r/min

Shaft Q1 = 25.40 mm
Engine mode! 188F-C

Engine type 4-stroke, 1 cylinder, air-cooled, OHV25°, petrol engine
Tank capacity (in [) 6,5

Oil fillings (in 1) 1,1

Bore x stroke (in mm) 88 mm x 64 mm
Air-Filtration System Semi-dry
Compression 8.0:1

Direction of rotation anticlockwise
crankshaft @ (in mm) 25,4 metric

net Weight [kg] 29,0000
Package: Height in mm 445

Package: Length in mm 525

Package: Width in mm 520

Immediate dispatch,

Availabil i ithi i

valiability available within 2-3 business days*
Shipping Paket
Brand LIFAN

ManoMano Reference MET0070931
SKU 92460
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Appendix C — Battery image, specifications and cost

Sourced from: https://www.powerhousegolf.co.uk/acatalog/Battery-48Ah-Lithium-
Battery.htmlI#SID=92

Battery - 48v £1,499.00

60Ah Lithium RRP: £1,550.00 - YOU SAVE 3%
battery Inc p
Charger |

Code: MISC074

Not Reviewed « Be the first!

* Replaces heavy lead acid batteries.
* Easy to remove if required 5
* Only 29kg compared to 180kg! C0n5|der

VT o
J—
™

A 0N

Battery - Trojan 8v 170ah (Wet)

£189.00

817

Model: Powerhouse Lithium 48v 60ah Battery

Type: Lithium

Weight: 29 kg (One battery)

Size: (L) 530mm x (W) 250mm x (H) 168mm

Applications: Suitable for use with the Powerhouse Duo, Ez-Go, Yamaha and similar

Life expectancy™: In access of 1000-2000 Cycles, unconditional.

Duration: 36 hole capacity depending on terrain and conditions.

Features: Ultra Light High performance. Complete with Lithium Charger

Warranty: This battery comes with 2 years manufacturers guarantee.

Usage: Can be used anyway around as it is non spilable. Must be stored in charged condition

18




Appendix D — battery controller, image specifications and cost

Sourced from https://www.batterymegastore.co.uk/victron-energy-sbs050100200.htm|

Victron Energy Smart Battery Sense - SBS050100200

Full Specifications

Part Number : SBS050100200

*roduct Type : Victron Accessoires

y: 14

tured Weight (Kg) : 0.5

Charge Current (A) :

OUR PRICE £38.62

OUR RATING trirdrdrd

Quick Specifications

art Numiber : SBS050100200

e - Victron Accessoires

ADD TO BASKET

-OR-

Victron Energy

Quantity: 1

P PayFal Check out

e rp——

Manufacturer : Victron Energy

Length (Mm) : 38

Height Inc Terminals (Mm) : 38
Battery Banks

Warranty : 5 Years

Conductor Sizc
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Appendix E — Alternator, image, specifications and cost

1450 WATT PMA 48V 4 ENGINE USE Permanent Magnet
Alternator Generator PC1248DC

New
5 More than 10 available
1 18 sold
US $169.99
Approximately £128.59

Add to basket

© Add to watch list

100% buyer
satisfaction

Fast and safe postage 80 walchers

United Kingdom @ | 5ee d

1in a Superbly bal d and
Ing speed.

once at

PMA rotor is studded with 14 powerful magnetic power points - A

perfectly phase ing configuration. This

new design feature offers high power with no appreci

All magnets are all slotted into multi-layered steel plates for maximizing and sharing the rear field forces boosting the overall core power.

When ordinary stator colls are hyper magnetically saturated with the Power-Cores
powerful magnetic field, power outputs are almost tripled over older mono core designs!

+ LOTS OF LOW END POWER GENERATION ABILITY!!!!
+ Perfect for building simple, inexy ive and dependable wind 3
= A put-up and forget design! Expect decades of dependable service life.

= All weather rated. Rain, ice and weather proof electronics.

+ 1TMM hardened shaft.

« Heavy Duty coils and diodes.

= Light weight aluminum body.

« Bearings rated for 115,000 hours +

= D.C. output. Includes built in rectifier,

= Warranty - 80 days parts and labor.

« Powerful Neodymium magnets in rotor.
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Appendix F — Motor, image, specifications and cost

Sourced from: https://www.miromax.lt/en/m-6/c-39/c-45/product-500-
pmsm_brushless motor hpm-5000b -

bldc

nominal power Skw86kw 67hpll5hp 400 cm3#to products

BLDC / PMSM brushless motor HPM-5000B - Nominal power 5kW~8,6kW |

6,7HP~11,5HP | 400 cm3

48V/60V/72V/

96V/120V

Cé

W' More foto (24)

3500-4400 RPM

5-8.5 kw
>90%

48 Nm

12kg

Characteristics

Power
Cooling
Voltage

Speed RPM |
without load |

Product code

In stock

Cooling

Supply voltage O
Nominal Power )

Internal combustion
engine analog

Rotation speed )
Service life

Temperature sensor

Warranty )

HPM-50008

# Delivery From stock

[ir el
[~Choose- v]

SkW-8.6kW | 6.7HP-11.5HP |
400 cubic cm

4400 Rpm. (no load)
>10000h

YES

12 months

L More detail

5000W

ol

¥
L

Air/Liquid - Optional

48V 60V 72V 96V 120V

4400RPM

Currency: |[EUR. ~~| Prices: |with VAT

v

544%° Eur
Cuanty [T
Found somewhere cheaper? Let us
know
PRODUCT DELIVERY

Forwarder ~  Country
[VENIPAK ~| [United kingdon ]
Price: 39.00 Eur “with VAT
Delivery time: 5-7 working days

NEWSLETTER

Cithrreliun bon mise smnssmlabbare wnd aab
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Appendix E — Motor controller, image specifications and cost

Sourced from: https://www.miromax.It/en/m-6/c-39/c-45/product-500-
bldc pmsm brushless motor hpm-5000b -
nominal power Skw86kw 67hpll5hp 400 cm3#to products

Sine wave VEC controller for 5kW motor

controller NN MODEL:
Rated voltages:
Rated DC BUS current
ted output power:
operation current

190mmy(L) x 180

VEC300

48V/72V/96V
30A...200A
1000...10000W
20~40mA

FOC

Direct torque control
(W) x S0mm(H)
2.5ka
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Part B

GRADEMARK REPORT

FINAL GRADE

/100

GENERAL COMMENTS

Instructor

Hello Stephen. | hope that you enjoyed the
assignment and found the assignment interesting
and challenging. You used a lot of words, in many
cases simple tables would help the reader to
understand the data when set out in a clearer way.
This is not a social science essay ;)

There appear to be discrepancies between the
values in your spread sheet and those used in the
report calcs eg max velocity 8m/s and torque etc.

The use of max power and not average power to
size your ICE and generator is confusing.

Energy flow in and out of the storage needs some
reviewing.

If you have any questions or require clarification
please contact me.

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

Comment 1

Reasonable intro, thank you. Looking forward to the numbers bit coming up.

PAGE 6

Comment 2
Interesting but a lot of words.

PAGE 7



@ Comment3

I've not heard about hot sodium batteries being considered for some time.

PAGE 8

@ Comment4

Your graph beneath shows max velocity of 8 m/s

QM Awk.
Awkward:
The expression or construction is cumbersome or difficult to read. Consider rewriting.
Additional Comment Rolling radius.

PAGE 9

@ Comments

Force or torque?

@ Comment6

A simple table would save a lot of words.

PAGE 10

@ Comment7

Is this really a graph of motor efficiency?

PAGE 11

@ Comments8

but max torque was 444 Nm

@ Comment9

This graph appears to be the same as the one above?

PAGE 12

@ Comment10

Ideally the graphs would be on a common time axis.

o Comment 11

This graph is fine. Kw at each moment. It is assumed at the wheels. Where is the graph
showing the energy flow into and out of the storage devise?

@ Comment12



PAGE 13

Fig 7 shows velocity over time!

®
®

PAGE 14

Comment 13
But max torque was 444Nm ?

Comment 14

four stroke engines are not as afficient as 2 stroke engines. Volumetric efficiency maybe but
not brake specific fuel consumption...

PAGE 15

PAGE 16

PAGE 17

®

PAGE 18

Comment 15
It's good to see all the component specs in the appendices, thank you.

®

PAGE 19

Comment 16

It is assumed that you selected this motor to generate the average power of 10kw (which is too
large as average is probably less).

®

PAGE 20

Comment 17

How can you size this without doing the calcs for energy flow in and out. Does it have sufficient
energy capacity. Can it absorb the average power output from the generator? Can it provide the
power necessary for max power?

®

PAGE 21

Comment 18
What does this do. Is it matched for your battery?

PAGE 22

PAGE 23




RUBRIC: NEW BACHELOR'S RUBRIC 0/0

LITERATURE 0/0

Engagement with literature (including reading, referencing, academic conventions and academic honesty)

FAIL 0-29% Little or no evidence of reading. Views and findings unsupported and non-
() authoritative. Referencing conventions largely ignored.

UNSATISFACTORY  Poor engagement with essential reading. No evidence of wider reading. Reliance on
30-39% inappropriate sources, and/or indiscriminate use of sources. Heavily reliant on
) information gained through class contact. Inconsistent and weak use of referencing.

SATISFACTORY 40- Engagement with a limited range of mostly relevant and credible sources but with

49% some reliance on information gained through class contact. Some omissions and

0) minor errors. Referencing conventions evident though not always applied accurately
or consistently.

GOOD 50-59% Engagement with an appropriate range of literature, including sources retrieved
) independently. Some over-reliance on texts rather than other sources. Referencing
may show minor inaccuracies or inconsistencies.

VERY GOOD 60-69% Engagement with a wide range of literature, including sources retrieved independently.
0) Selection of relevant and credible sources. Generally sound referencing, with no/very
few inaccuracies or inconsistencies.

EXCELLENT 70-79% Engagement with an extensive range of relevant and credible literature. Consistently
0) accurate application of referencing.

EXCEPTIONAL 80-  Exceptional engagement with an extensive range of relevant and credible literature.
100% High-level referencing skills consistently applied.

©)

K&U 0/0

Knowledge and understanding (Knowledge of the basic underlying concepts and principles of a subject.)

FAIL 0-29% Major gaps in knowledge and understanding of the basic underlying concepts and
(0) principles of the subject matter. Inclusion of irrelevant material. Substantial
inaccuracies.

UNSATISFACTORY  Gaps in knowledge of the basic underlying concepts and principles, with flawed or
30-39% superficial understanding. Some significant inaccuracies and/or irrelevant material.

©)

SATISFACTORY 40- Limited knowledge and understanding of the basic underlying concepts and principles

49% within the subject area. Some elements may be missing.

0)

GOOD 50-59% Knowledge of the basic underlying concepts and principles is accurate with a good
) understanding of the field of study but lacks depth and/or breadth.

VERY GOOD 60-69% Competent knowledge of the basic underlying concepts and principles. Exhibits very
) good understanding.



EXCELLENT 70-79% Excellent knowledge and understanding of the basic underlying concepts and
(0) principles of the subject.

EXCEPTIONAL 80-  Exceptional, detailed knowledge and understanding of the basic underlying concepts

100% and principles.
0)

COGNITIVE 0/0

Cognitive and intellectual skills (Evaluate underlying concepts and principles of a subject and interpret
qualitative and quantitative data in order to develop lines of argument and make sound judgements.)

FAIL 0-29% Wholly or almost wholly descriptive work. Little or no evaluation of the underlying
0) concepts and principles. Failure to develop arguments, leading to illogical or invalid
judgements. Minimal or no use of evidence to back up views.

UNSATISFACTORY  Largely descriptive work, with superficial evaluation of the underlying concepts and

30-39% principles. Weak interpretation of data, flawed development of arguments and

) judgements. Information accepted uncritically, uses generalised statements made with
scant evidence and unsubstantiated opinions. Ideas sometimes illogical and
contradictory.

SATISFACTORY 40- Limited attempt at evaluation of the underlying concepts and principles, tending

49% towards description. Can interpret qualitative and quantitative data but with some

) errors. Some evidence to support emerging arguments and judgements but these may
be underdeveloped or with a little inconsistency / mis-interpretation.

GOOD 50-59% Good evaluation of the underlying concepts and principles. Can interpret qualitative
) and quantitative data, with minor errors. An emerging ability to use evidence to
support the argument. Mostly valid arguments and logical judgements.

VERY GOOD 60-69% Sound evaluation of the underlying concepts and principles. Can interpret qualitative
0) and quantitative data accurately. Ability to devise arguments using evidence to make
mostly appropriate and valid judgements.

EXCELLENT 70-79% Excellent evaluation of the underlying concepts and principles. Can interpret
) qualitative and quantitative data accurately and with some insight. Excellent ability to
devise arguments using evidence and make appropriate and valid judgements.

EXCEPTIONAL 80-  Exceptional evaluation of the underlying concepts and principles based evidence.

100% Outstanding interpretation of qualitative and quantitative data. Exceptional ability to
) devise arguments using evidence and make wholly appropriate and valid judgements.
PRACT ICAL 0/0

Practical skills (Different approaches to solving problems in particular contexts.)

FAIL 0-29% Limited or no use of taught, basic methods, materials, tools and/or techniques. Little
0) or no appreciation of the context of the application. Very weak evidence of different
approaches to problem-solving in particular contexts.



UNSATISFACTORY  Rudimentary application of taught, basic methods, materials, tools and/or techniques

30-39% but without consideration and competence. Flawed appreciation of the context of the
0) application. Weak evidence of different approaches to problem-solving in particular
contexts.

SATISFACTORY 40- An adequate awareness and mostly appropriate application of basic methods,

49% materials, tools and/or techniques. Basic appreciation of the context of the

) application. Can identify problems in particular contexts and propose basic alternative
approaches or solutions though there may be errors.

GOOD 50-59% A good and appropriate application of basic methods, materials, tools and/or

) techniques. Clear appreciation of the context of the application. Good evidence of
different approaches to problem-solving in particular contexts and proposes mostly
appropriate solutions.

VERY GOOD 60-69% A very good application of a range of basic methods, materials, tools and/or

) techniques. Very good consideration of the context of the application. Very good
evidence of different approaches to problem-solving in particular contexts and
proposes appropriate solutions.

EXCELLENT 70-79% An advanced application of a range of taught, basic methods, materials, tools and/or

0) techniques. The context of the application is well considered, and insightful. Excellent
evidence of different approaches to problem-solving in particular contexts and
proposes appropriate solutions.

EXCEPTIONAL 80-  Exceptional levels of application and deployment skills in particular practical contexts.

100% Outstanding identification of problems in particular contexts and formulation of
) wholly appropriate, thoughtful solutions / different approaches.
SKILLS PROF P 0/0

Transferable skills for life and professional practice (Communicate the results of their study/work
accurately and reliably, and with structured and coherent arguments; the qualities needed for employment
requiring the exercise of some personal responsibility within a structured and managed environment.)

FAIL 0-29% Work is poorly structured, disorganised, inaccurate and/or confusingly expressed.

0) Very weak use of language and/or very inappropriate style. Failure to work effectively
individual or as part of a group. Little or no evidence of the skills for employment
requiring the exercise of some personal responsibility.

UNSATISFACTORY  Work is poorly presented in a disjointed manner. It is loosely, and at times

30-39% incoherently, structured, with information and ideas often poorly expressed. Weak

0) use of language and/or inappropriate style. Flawed approach to individual or group
work, meeting only partial obligations to others. Limited evidence of the skills for
employment requiring the exercise of some personal responsibility.

SATISFACTORY 40- Mostly ordered presentation and structure in which relevant ideas / concepts are

49% reasonably expressed. Work may lack coherence and/or accuracy in places. Can work

) as part of a group, meeting most obligations to others but perhaps with limited
involvement in group activities. Demonstrates the basic skills for employment
requiring the exercise of some personal responsibility, with some areas of minor
weakness.



GOOD 50-59%
©)

Mostly coherent, organised and accurate work, in a suitable structure and is for the
most part clearly expressed. Can work effectively independently and/or as part of a
team, with clear contribution to group activities. Demonstrates the skills for
employment requiring the exercise of some personal responsibility, with some areas
of strength and some of minor weakness.

VERY GOOD 60-69% Work is accurate, coherent, fluent, well-structured and organised. Can work

©)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

©)

effectively independently and/or as part of a team, with very good contribution to
group activities. Demonstrates very good skills for employment requiring the exercise
of some personal responsibility, with just occasional minor weakness.

Work is coherent, very fluent and is presented professionally. Can work effectively
independently and/or as part of a team, with an excellent contribution to group
activities. Demonstrates excellent skills for employment requiring the exercise of
some personal responsibility with an appetite for further development.

Work is accurate, exceptionally coherent, very fluent and presented well. Can work
effectively independently and/or as part of a team, with an exceptional contribution to
group activities. Demonstrates exceptional skills for employment requiring the
exercise of some personal responsibility with an appetite for further development.
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