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Introduction

The aim of this assignment, a continuation of the previous assignment, is to design a possible
conversion of the buggie used from using a standard internal combustion engine (ICE) to an electric
hybrid version. Research needs to be carried out into the different types of hybrid conversion, series
or parallel, as well as the components needed to be able to successfully perform the conversion. For
this conversion to be deemed appropriate, it needs to be cost effective, but consequently, not be
overbearing on the complete size of the buggie.

Research

In terms of hybrid electric vehicles, there are two main orientations that can be used, series and
parallel. When using a parallel electric hybrid system, the electric motor and the internal combustion
energy work together to produce the motion of the vehicle. On the other hand, a series hybrid
system uses the internal combustion engine to produce energy to be directed to the battery pack or
the generator, which is then used to produce the vehicles motion through a controller that
determines the power requirements needed for the motors which drive the wheels, as explained by
Livestrong.com, 2018. Also, there is a power split electric hybrid that can be used, meaning the work
load of the generator and the storage facility would be split, as the diagram below illustrates,
created by Denton, 2016:

Parallel hybrid Series hybrid Power split
Transmission Electric motor / genorator
Engine Transrmissien Transmission
Electric
malor -
Eleciric motar
(_ Generator Generalar
® ©
Planatary gaar
Batiary Fual Engine

Engine
Batiery

Fusl

Figure 1 - The difference between a series, parallel and power split hybrid

As a series hybrid is the option being considered for the design, the different types of generators,
storage options, as well as the different types of motors need to be weighted up and compared to
declare their availability for their specific use within the chosen hybrid system.
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The first item that will need to be selected is the most appropriate generator. There are many
different types of generators that could be chosen, including petrol generators, diesel generators,
and even hydrogen fuel cells, as discussed by WorldWide Power Products, 2019. The generator
chosen for the hybrid system will depend on the maximum power output needed during the drive
cycle, carried out in the part one of this assignment.

Leading on from the generator, the energy produced needs to be sent to a storage facility where it
can be kept and used when needed. The most used storage facility in a series hybrid would be
batteries, however capacitors or ultracapacitors could be used instead or alongside the battery,
stated by Chris Mi, 2017.

The final componet needed is a motor and motor controller. The motor used in a hybrid system can
be direct current (DC) or alternating current (AC). DC motors are used for constant speed control,
and have the ability to meet high torque requirements, explained by Keljik, 2013. AC motors have
the ability to rotate in one direction during forwards motion, and therfore move in the opposite
direction duirng breaking, meaning they have the abilty to regenerate energy when retardation is

taking place, explained by Giri, 2013.

Methodology

The first step is to create columns for cumulative power and average power —actual power. Average
power minus actual power represents the amount of energy used at any specific time, with
cumulative power representing this number throughout the duration of the drive cycle. To do this, in
Microsoft excel, the following equations need to be inserted:

Energy Used = Cell Number for Average power — Cell Number for Actual Power

Cumaltive Power
= Power Used at One Point in Time + Power Used at The Next Second After

An example of these equations used in excel can be seen below:

=(SR$24-H3) =(V2+U3)

Figure 2 - The formula used in excel to

Figure 3 - The formula used in excel to ;
calculate cumulative power

calculate energy used
The next step is calculate the maximum torque of the buggie. To calculate the maximum torque of

the buggie at the wheels, the maximum acceleration force seen during the drive cycle needs to be
multiplied by the rolling radius of the tyre, using information from Holzner, 2019. As well as the
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maximum torque calculation, the work produced by Holzner, 2019 illustartes how the maximum rpm
of the wheel needs to be calculated. The equations used for the calcualtions can be seen below:

Maximum Torque = Maximum Accleration Force x Rolling Radius

Maximum Velocity

Maximum Wheel RPM =
axmum Winee Circumference of Tyre

The equations used in excel can be seen below, with the maximum wheel rpm being mulitplied by 60
to convert into seconds:

=(920*0.28) =(10/1.755)*60
Figure 4 - The formula used in excel to calculate the Figure 5 - The formula used in excel to calculate the
maximum torque required maximum wheel rom of the buggie

The value for maximum acceleration force and maximum velocity are taken from the drive cycle,
while the values for rolling radius and circumference were taken from the specification of the buggie
and using a tyre size calculator, available at https://tiresize.com/tyre-size-calculator/. These
numbers will be used to help with the choosing of the correct motor.

Once these numbers have been calculated, the maximum power needed for the components of the
hybrid system need to be calculated. To do this, the maximum power at the wheels of the buggie
needs to be found using the following equation:

Max Power = MAX(A1: A100)

The numbers and letters of the cells may differ from the equation shown above. Once the max
power has been found, the power at the motor, controller and generator can be calculated by
dividing through by using the efficiencies of the components. An example of this equation can be
seen below:

=(222/$R$32)

Figure 6 - The formula used in excel to calculate the maximum
power used
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Results

Using the equations for energy used and cumulative power, the following graph is produced:

The Energy Used Against The Cumulative Power
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Figure 4 - A graph showing the correlation between energy used and cumulative power
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Looking at the graph, at the end of the drive cycle, there has been no energy saved from
regeneration. This means that although the storage facility size does not need to be big, but still

needs to have enough space for when it is needed.

The powers needed for the components can be seen below, using a power split of 50/50:

Wheel Input (W)

10924.5463

Motor Output (W)

12274.77112

Motor Input (W)

13791.87767

Controller Output (W)

14366.53924

Controller Input (W)

14965.14504

Generator Output (W)

24941.9084

Generator Input (W)

41569.84733

Table 1 - The power outputs of the different components

The efficiencies used for the components can be seen in the table below:

Efficiencies

Motor 0.89
Controller | 0.96
Generator 0.6

Table 2 - The efficiencies used for the components

B9
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The efficiencies of the components can be found with their specifications in the links below, apart
from the efficiency for the controller that can be found using this link:

https://www.yasa.com/controllers/

The numbers for maximum torque and maximum wheel rpm can also be seen below:

341.8803419 | Maximum wheel rpm B 11
257.6 | Maximum Required Motor Torque (Nm)

12

Table 3 - The maximum torque and rpm of the buggie

From these numbers the specifications of the components can be made, and therefore the
components can be chosen. The first item to choose is the motor, using the numbers in the table
above. The motor chosen is an AC-12 Kit. This motor was chosen because it uses an alternating
current meaning that regenerative braking could be achieved more easily. This motor does not meet
the required torque output needed, but using a final drive ratio of 5:1, this can be achieved. The
specification for this component can be found using the following link, the cost coming to $1393.00:

https://www.electricmotorsport.com/ev-parts/motors/ac-12-kit.html|

The controller picked for this hybrid design is a Curtis AC F2A. As this controller is already using an
alternating current, it means that a DC to AC converter is not needed. The specification for the
controller can be found by following the link below, with the accompanying datasheet being found in
the appendix:

https://www.curtisinstruments.com/products/ac-motor-controllers/

The generator chosen for the design is a hydrogen fuel cell. A diesel generator was going to be
picked, but due to the power demands and the sizing of an appropriate generator meant that an
alternative choice had to be made. A hydrogen fuel cell is more efficient then a diesel generator, and
takes up less space, however, finding the cost of a fuel cell was not achievable, although a running
cost of $1342 could be found, according to Institute of Physics, 2019. The specifaction for the chosen
fuel cell can be found using the following link, using the 21kW output rating:

http://www.ballard.com/docs/default-source/motive-modules-documents/material-
handling/fevelocity-9ssl.pdf?sfvrsn=2
andling/fcvelocity-9ssl.pdf?sfvrsn

The last component to choose is the storage facility. The facility chosen is an Enerdel
14.4Volts/132AmpHour Lithium Battery. Five of these batteries will be needed, so that the voltage
needed for the motor can be achieved. The cost of one battery is $917.00, meaning five would cost
$4585.00. The specification of the battery can be found below:

https://evsource.com/collections/batteries/products/enerdel-ec4s8p
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Conclusion

In conclusion, the total cost of the proposed series hybrid conversion would come to at least $7320.
Without the actual price of the fuel cell being known, as well as the price of the controller, the total
cost of the conversion could be at least $10000. Furthermore, the space needed for some of these
components would be too great for the size of the buggie. If the conversion was to take place, a
mixture of batteries and capacitors would function better, as less space would be taken up by the
capacitors, as well as less batteries being needed.

Bibliography

Chris Mi, M. A. M., 2017. Hybrid Electric Vehicles: Principles and Applications with Practical
Perspectives. Illustrated ed. s.l.:John Wiley & Sons.

Denton, T., 2016. Electric and Hybrid Vehicles. illustrated ed. s.l.:Routledge.

Giri, F., 2013. AC Electric Motors Control: Advanced Design Techniques and Applications. s.l.:John
Wiley & Sons.

Holzner, S., 2019. HOW TO CALCULATE THE TORQUE NEEDED TO ACCELERATE A SPINNING DISC.
[Online]

Available at: https://www.dummies.com/education/science/physics/how-to-calculate-the-torque-
needed-to-accelerate-a-spinning-disc/

[Accessed 20 3 2019].

Institute of Physics, 2019. Fuel Cells. [Online]
Available at: http://www.iop.org/resources/topic/archive/fuel/index.html
[Accessed 20 3 2019].

Keljik, J. J., 2013. Electricity 4: AC/DC Motors, Controls, and Maintenance. 10, illustrated, revised ed.
s.l.:Cengage Learning.

Livestrong.com, 2018. The Difference Between Parallel Hybrid Cars & Series Hybrid Cars. [Online]
Available at: https://www.livestrong.com/article/174905-the-difference-between-parallel-hybrid-

cars-series-hybrid-cars/
[Accessed 20 3 2019].

WorldWide Power Products, 2019. Six Common Types Of Generators ... And One That May Surprise
You. [Online]

Available at: https://www.wpowerproducts.com/news/six-common-types-of-generators-and-one-
that-may-surprise-you/

[Accessed 20 3 2019].

7|Page




Luke Cripps P149407

Appendix

E :
Motor Controllers

CURTIS

AL F2A

AC Induction Motor Controller

with VCL
€
-h;!

www.curtisinstruments.com

Appendix 1 - Datasheet for Controller
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AL F2A =

The Ultimate Class 11l Truck Control System: Superb Performance and Value

This new AC induction motor controller (inverter) uses dual high performance ARM Cortex microprocessors inan
compact, package to deliver unmatched performance and a very flexible feature set.

Madel AC F2-Ais fully optimized for use as a traction controller on 1.0 ton-2.0 ton class Il pedestrian-operated powered
pallet trucks. It provides vehicle designers with the ability to fully define and control the detailed dynamic performance
of their vehicle’s drivetrain, and also provides comprehensive vehicle management and CAN master capabilities. Model

AC F2-Ais also suitable for traction or hydraulic pump control on other types of battery powered vehicles.

Together with the new Curtis model 3140 CAN LCD display and the new user-friendly Curtis Integrated Toolkit, the
Curtis model AC F2-A is the ultimate Class Il truck control system.

See a 360° view of Model AC F2-A at:
curtisinstruments.com/360view

FEATURES

Fit for Purpose You Feel It When You Drive It—

Maximum Torque, Minimum Losses, Full control
» Compact, rugged housing with very small footprint’

for its power rating. » The latest implementation of Curtis' renowned IFO
Vector control algorithm, and our advanced PWM
switching technology, assures maximum motor
output torque and highest possible system efficiency
across the entire torque/speed spectrum

» Heavy duty M6 busbars for motor and battery
connectors.

» Sealed, 23-pin AMPseal I/O Connector.

> Impervious to most oils, solvents, degreasers and other . gmooth and predictable drive control that only Curtis
chemicals often encountered by industrial vehicles. can deliver.

» P65 environmental protection as per |[EC 60529.

» Exceeds latest global conformance requirements for
functional safety, electrical safety and EMC.

» CE marked as a programmable safety device.

» UL583 recognized component.

You Choose the Motor

» Easily configured to work with any AC induction
motor (dependent on installed software.)

» |mproved motor auto-characterization setup allows
simple on-truck pairing with different Induction
motor types.

» Comprehensive library of induction motor types
stored in controller memory.

www.curtisinstruments.com 2

Appendix 2 - Datasheet for controller
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AL F2A

FEATURES

continued

Get More Out of Your Battery—
Regardless of the Technology

» High-efficiency means more of your battery’s energy
is converted to motor output power.

»  Fully configurable over-and under-voltage
protection parameters.

» Wide operating voltage range allows use with the
latest cell chemistries such as lithium lon.

» Configurable CANbus and VCL allows easy integration
with the BMS (Battery Management Systems)
typically found on Lithium battery packs.

Powerful, High Performance Dual Microprocessors

» Dual-micro architecture achieves up to PL=D,
category 2 functional safety under
EN IS0 13849-1 / EN1175-1:1998+A1:2010.

»  Ultra-fast processor speeds allows highly accurate

control and regulation of voltage, frequency and current.

Customize Your Vehicle with VCL

» The Curtis VCL (Vehicle Control Language) allows
Curtis AC motor controllers to perform as ‘vehicle
managers’eliminating the need for costly, additional
systern controllers.

»  With model AC F2-A, Curtis introduces several
significant VCL enhancements:

Increased CAN master capabilities.
Nearly double the VCL code execution speed.

~ Plentiful on-board memory supports
large, complex vehicle application programs (VCL).

New output driver control modes, arrays,
trigonometry and other complex math functions.

www.curtisinstruments.com

Highly Flexible I/O

-

All 1/Q pins are multi-function, and can be configured
to provide up to:
- 17 digital Inputs
- 9 Analog Inputs
- 2 potentiometer sources
5 output drivers, including proportional valve driver
Quadrature encoder input

Comprehensive CAN Master Capabilities

>

Configurable 11 or 29 bit protocol support for
CANopen or 11939 use.

‘Plug and Play’support for Curtis CAN displays and a
variety of CAN tiller heads from leading
manufacturers FREl and REMA.

Fully compliant with CANopen protocol DS301 profile.
Capable of acting as "CAN interpreter” allowing 3rd

party CAN devices with differing profiles to work on
the same CAN network.

Improved Diagnostics

-

Integrated, high visibility Status LED with simplified flash
code sequence for at-a-glance system troubleshooting,

Dynamic throttle safety checking for increased safety
with analog throttle commands.

Improved error logging and fault history tables with
CAN Emergency Messages.

CAN-based Programming

>

Model AC F2-A is programmable directly over the
CANbus. This allows simpler ‘vehicle level’
communication with many of the CAN-based service
tools in use by the major industrial truck
manufacturers worldwide, or significantly, allows use
of the Curtis Integrated Toolkit of development tools.

Appendix 3 - Datasheet for controller
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ALF2A

SYSTEM ACCESSORIES

Curtis Model 3140
A cost-effective, CAN-based LCD vehicle
status display in a rugged 52mm
diameter housing is the ideal partner
to model AC F2-A for use on Class Il
powered pallet truck applications.
» Large, easy-to-read
16-segment format LCD.
» Battery Discharge Indicator, Service
{Hours) Counter and Diagnostic/
Message Center functions.

» Sealed to IP65 front, IP54 rear.

»  12-48V nominal operating
voltage range.

» CE compliant, UL583
recognized component,

» Optional backlight and heater.

MODEL CHART
Model Battery
AC-F2-A-24-200-002 . 29V
AC F2-A-24-200-051 . 24V
AC-F2-A-24-120-001 . 24V
AC F2-A-24-120-051 I 24V

=
H | CURTIS’

INTEGRATED TOOLKIT

The Curtis Integrated Toolkit

A fully integrated suite of development and diagnostic tools for use on
CAN systems using Curtis and other 3rd party CAN-based products. Itis
comprised of the following tools that run in a shared environment:

» Launch Pad » VCL Studio
Starting point and project editor. Editor and complier for
» Programmer VCL software.
Similar in function to the 1314. » Menu Editor
. TACT Tool to create and modify
Improved version of the pragramniingiments:
stand-alone oscilloscope/ » Pack &Flash
datalogging tool. Downloader tool to load you
» CAN Monitor software into the CAN device.

CAN data ‘sniffer’ and
debugging tool.

The Curtis Integrated Toolkit is compatible with many leading
USB>CAN interface dongles from Peak, Kvaser, iFAC, Sontheim etc.
Contact your local Curtis Sales office for further information.

Maximum Current: Current Rating: Lifetime Current: Internal 1200
RMS 52-1 minute | RMS 52-60 RMS | CAN Termination
200A 67A S0A Yes
200A . 67A . S0A . No
120A . 40A . 30A Yes
120A . 40A 30A No

www.curtisinstruments.com 4

Appendix 4 - Datasheet for controller
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ALF2A l..;

DIMENSIONS

53 55

1] L
] [[

f

www.curtisinstruments.com 5

Appendix 5 - Datasheet for controller
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AL F2A

CONNECTOR WIRING
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www.curtisinstruments.com 6

Appendix 6 - Datasheet for controller
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AL F2A

SPECIFICATIONS

Nominal Input Voltage

Minimum Voltage

Brownout Voltage

Maximum Voltage

PWM Frequency
Maximum Encoder Frequency
Maximum Controller Qutput Frequency

Electrical Isolation to Heatsink
Storage Ambient Temperature

Operating Ambient Temperature
Thermal Cutback

Design Life
Operating Duration at Maximum Current
Package Environmental Rating
Weight
Dimensions Wx LxH
EMC
Safety

uL

24y
12V
av
30V
10Khz
20Khz
500Hz
500Vac
-40°C t0 95°C
—40°C to 50°C

Controller linearly reduces maximum current limit with an internal
heatsink ternperature from 85°C (185°F) to 95°C (203°F); complete
cutoff occurs above 95°C (203°F) and below -40°C (-40°F).

8000 hours
1 Minute
P65
1.1Kg (2.21bs)
120mmx 155mm X 53mm
Designad to the requirements of EN 12895:2015
Designed to the requirements of EN 150 13849-1:2015

UL recognized component per UL583

[ J
WARRANTY  Two year limited warranty from time of delivery. The Curtis Difference &

You feel it when you drive it
n is a trademark of Curtis Instruments, Inc. | Spedfications subject to change without notice | ©2019 Curtis Instruments, Inc. | 50304 REV C 219
Curns
www.curtisinstruments.com 7

Appendix 7 - Datasheet for controller
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GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

Instructor

Hello Luke. I hope that you've found the assignment
interesting. Calculations should be explained without
reference to the spread sheet. Energy flows are not
obvious to the reader. You should include
component specifications in the appendices, and
only relevant information. If you have any questions

/1 OO or require clarification please contact me.

PAGE 1

PAGE 2

, Comment 1

Please use report style numbering system.

PAGE 3

, Comment 2

This is not really relevant as the assignment specifies a series hybrid solution.

PAGE 4

, Comment 3

It will depend upon the average power required before the motor and controller.

, Comment 4

A comparison graph would help your argument.

PAGE 5

, Comment 5

You can just show the equation, no need for the excel cells, it means nothing to the reader.

PAGE 6

, Comment 6

A thouahtful aranh. Thank voir.



PAGE 7

R~ R~ L e A

However the blue line is power at the wheels. The orange line is energy flow into and out of the
energy storage. Have you allowed for efficiencies of the final drive, motor and controller?

Comment 7
Surely the controller output and the motor input are the same?

Comment 8
When displaying number please use only four significant figures or similar.

Comment 9
Why have you added a value for generator that is so low? It should be similar to that of the
motor.

PAGE 8

Comment 10
But this is not the controller that you have selected.

Comment 11

Max wheel torque is more than this.

1200N max tractive force.

Comment 12
Is this motor torque or wheel torque?

Comment 13

The specifications for this should be in the appendices. What are the torque and speed
ratings?

Comment 14
The unit appears suitable.

Comment 15
What is your proposed solution for hydrogen storage?

Comment 16
You need to explain the maximum kw in and out required. Does the battery pack meet these
requirements?

Comment 17



PAGE 9

When you say that a mixture of batts and caps would be better. Demonstrate that / how it could
be.

PAGE 10

PAGE 11

PAGE 12

PAGE 13

PAGE 14

PAGE 15




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
0) 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

0) 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

0) 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

) 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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