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Introduction

In order to complete this assignment the students were put into groups of five people. In their
groups the students were expected to complete five different measurement sessions Locost race car
which is located in the motorsport workshop. The idea being that they will be able to compare the
results from their measurement sessions to their calculated results.

The comparison results that the students gain from completing this assignment will be used in a
forthcoming track test in order to verify the validity of the weight transfer equations which were
developed in class.

Group members
Harry Mcquillan-Butt
Albert Smith

Cameron Lamnea
Samual Fripp

Rhys Richards

Research




Methodology

An in depth explanation of the methods that were used in each of the five measurement sessions
that the students carried out

Before the students started any of their test sessions, they created an excel document with tables to
input their results into.

Test session 1 front wheel motion ratio (MR) and calculated wheel rate (Kw)
Before starting their series of test sessions, the students carried out initial measurements of the
locost race. Their measurements are as follows :

Wheel width = 515.75 mm
Rear track (Tr)=1.4m
Front track (Tf)=1.34 m
Spring rate (Ksf) = 325Ib/in

In order to find the wheel rate for the front left wheel of the car, the students first had to find the
motion ratio. The wheel motion ratio is the relationship between the spring compression (mm) and
the wheel travel (mm).

To gain measurements of this the students used a height gauge to measure the height of the wheel
and they used a micrometer in order to measure the spring compression ( the length of the
damper).To take the measurements the students used a scissor jack propping the car up from the
lower wishbone, this was done to raise the wheel height which in turn compresses the spring.
Measurements were then taken for the wheel height and the the damper length after each 360° turn
of the scissor jacks handle, once this was done the students had what they required to work out the
motion ratio.

Test session 2 front wheel wheel rate (Kw) by direct measurement

The Locost race car was set up for the students prior to the testing session by the workshop
technician. It was setup using a scale with a jack on top of it which was pressing up against the lower
wish bone of the side being monitored. The purpose of the scale is to measure the load that is being
applied by the jack to the lower wish bone. The students also used a height gauge to measure the
height of the wheel as it was jacked up. The purpose for the students jacking up the wheel was to
simulate the roll of the vehicle

This test was carried out twice, the first time with a jack propping up the chassis on the opposite side
to the corner that was being tested in an effort to prevent the chassis twisting. The second time it
was run without the opposing side being propped up so that the students were able to see the twist
in the chassis. The flex in the chassis was recorded by using a dti gauge which was touching the
chassis (this was done in both tests).

In both tests measurements were taken for the height (mm) , load (Kg) and the flex in the chassis
(dti) after each 180° turn of the jack




Test session 3 front roll stiffness and chassis stiffness

The Locost race car was set up for the students prior to the testing session by the workshop
technician. It was setup up using a digital scale underneath the two front wheels both of which were
preloaded to 30 Kg and the rear of the vehicle was left unsupported on both sides. Two
inclinometers where used, one placed on an aluminium block clamped to the rear of the vehicle’s
chassis and the other placed on an aluminium block that was sitting on the front of the vehicles
chassis.

During the tests a jack was placed under the rear of the vehicle on the opposing side of the front
wheel that's was being tested. To perform the tests The jack was propped up and measurements
were taken from the inclinometer and the weight of the front on the side which was being propped
up at each 10 Kg increment of the opposing corner, this was done until the weight reached 50kg at
which point the jack was wound back down whilst taking measurements at each 10kg increment
until the weight got back to 0 Kg. the test was repeated in order to test both sides of the car.

Test session 4 rear roll stiffness

The Locost race car was set up for the students prior to the testing session by the workshop
technician. It was setup using a digital scale underneath the two rear wheels, both of which were
preloaded to 30 Kg and the front of the vehicle was left unsupparted on both sides. . Two
inclinometers where used, one placed on an aluminium block clamped to the rear of the vehicle’s
chassis and the other placed on an aluminium block that was sitting on the front of the vehicles
chassis.

During the tests a jack was placed under the front of the vehicle on the opposing side of the rear
wheel that's was being tested. To perform the tests The jack was propped up and measurements
were taken from the inclinometer’s and the weight of the rear on the side which was being propped
up, at each 10 Kg increment of the opposing corner, this was done until the weight reached 50kg at
which point the jack was wound back down whilst taking measurements at each 10kg increment
until the weight got back to 0 Kg. the test was repeated in order to test both sides of the car.

Test session 5 rear axle without springs

The Locost race car was set up for the students prior to the testing session by the workshop
technician. It was setup with a 20 Kg weight attached to both of the rear hubs, the rear shocks were
also disconnected at the top end’s and the springs were removed (the springs were left inside the
car's cockpit in order to keep the cars weight the same). The rear of the car had a digital scale under
each side which were both preloaded to 30 Kg, the front of the vehicle was left unsupported on both
sides. . Two inclinometers where used, one placed on an aluminium block clamped to the rear of the
vehicle’s chassis and the other placed on an aluminium block that was sitting on the front of the
vehicles chassis.

During the tests a jack was placed under the front of the vehicle on the opposing side of the rear
wheel that's was being tested. To perform the tests The jack was propped up and measurements
were taken from the inclinometer’s and the weight of the rear on the side which was being propped
up, at each 10 Kg increment of the opposing corner, this was done until the weight reached 50kg at
which point the jack was wound back down whilst taking measurements at each 10kg increment
until the weight got back to 0 Kg. the test was repeated in order to test both sides of the car.




Results

Session 1 results front wheel motion ratio (MR) and calculated wheel rate (Kw)
The students carried out this test session so that they had the measurements that are required to
work out the locost’s motion ratio.

Below are the results that the students obtained from completing this measurement session.

turn wheel height (mm) |wheel travel (mm)
al 238.57 0
2 245.71 7.14
3 252.83 13.26
4 257.5 18.93
5 264.19 25.62
6 270.11 31.54
7 275.71 37.14
8 281.73 43.16
9 289.65 48.08

10 292.2 53.63
11 297.59 59.02
12 302.84 64.27
13 307.12 68.55
14 312.29 73.72
15 317.71 79.14
16 321.41 82.84

Session 2 results front wheel wheel rate (Kw) by direct measurement

The purpose of this session was for the students to directly measure the wheel rate of the front of
the locost.

Below are the results that the students obtained from completing this measurement session.




with opposing side jacked up

weight (N)|weight (Kg) |height of wheel (mm)|DTI (mm)
0 0 0 0
88.29 9 4.05 0.2
186.39 19 10.26 0.69
309.015 315 18.1 0.94
372.78 38 22.3 1.07
446.355 45.5 26.79 1.23
564.075 57.5 34.24 1.45
657.27 67 39.38 1.63
740.655 755 44.44 1.8
819.135 83.5 49.29 195
887.805 90.5 52.86 2.08
981 100 58.95 2.3
990.81 101 64.38 2.51

without opposing side jacked up
weight (N)|weight (Kg) |height of wheel (mm)|DTI (mm)
0 0 0 0
132.435 135 1.7 0.34
235.44 24 16.04 0.59
358.065 36.5 23.19 0.88
426.735 43.5 28.32 1.08
519.93 53 34.14 1.6e2
578.79 59 38.58 1.76
676.89 69 43.64 2.02
750.465 76.5 48,07 2.19
819.135 83.5 52.28 2.37
877.995 89.5 55.74 25
946.665 96.5 59.34 2.68
1010.43 103 62.69 2.84
1069.29 109 65.97 2.99
1137.96 116 69.69 3.16
1187.01 121 73.2 33
1240.965 126.5 77.95 3.48
1299.825 1325 80.94 3.64
1353.78 138 84.3 3.81

Session 3 results front roll stiffness and chassis stiffness

The reason the students carried out this test session was to find out the chassis stiffness and the roll
stiffness of the front of the locost.

Below are the results that the students obtained from completing this measurement session.




jack under rear right
controlled variable |Front angle (o) |Rear angle (o) |weight of front left (Kg)
0 1.29 0.97 0
11 1.25 0.89 -21
20 1.07 0.76 -34
30 0.95 0.58 -44
40 0.74 0.36 -53
50 0.56 0.2 -60
40 0.58 0.21 -49
30 0.6 0.24 -33
20 0.63 0.31 -18
10 0.72 0.4 -3
jack under
rear left
controlled Front angle Rear angle weight of front right
variable (o) (o) (Kg)
0 1.04 0.72 -3
10 1.04 0.73 -4
20 1.08 0.76 -9
30 1.18 0.84 -15
40 1.27 1 -22
50 1.45 1.19 -31
40 1.44 1.17 -25
30 1.43 1.14 -22
20 1.42 1.12 -15
10 1.39 1.07 -7

Session 4 results rear roll stiffness

The purpose for the students carrying out this measurement session was to find the roll stiffness of

the locost race car.

Below are the results that the students obtained from completing this measurement session.




jack under front right
controlloed variable |Front angle (o) |Rear Angle (o) |weight of rear left (Kg)

0 1.9 1.51 0
9.5 152 1.27 -12.5
20 1.16 0.95 -26
31 0.79 0.69 -38.5
39.5 0.51 0.44 -46.5
50 0.24 0.18 -57.5
40 0.24 0.2 -52
30 0.29 0.25 -38
19.5 0.36 0.32 -19
10 0.39 0.33 -6

jack under front left
controlled variable |Front angle (o) |Rearangle (o) |weight of rearright (Kg)

0 2.03 1.67 -13.5

10 2.07 1.77 -23.5
20 2.26 1.81 -34
30.5 2.47 1.99 -43.5
40.5 2.65 2.1 -49
50 2.87 2.28 -55
40 2.87 2.25 -42
30 2.75 2.19 -36
20 2.72 2.1 -27
10 2.63 2.07 =9

Session 5 results rear axle without springs

The purpose for the students carrying out this measurement session was to find the roll stiffness of
the locost race car when it has its rear dampers disconnected at the top end and the springs
removed (left in the cars cockpit).

Below are the results that the students obtained from completing this measurement session.

Unlike the other measurement sessions that the students carried out where the students done a
forward sweep up to 50 Kg followed by a backwards sweep back down to 0 Kg, in this session only a
forward sweep was carried out due to time constraints. This can effect the accuracy of the students
results due to the fact that the backwards sweep makes it easier to spot mistakes in the results.

jack under front right
controlled variable Front angle (o) |Rear angle (o) |weight of rear left (Kg)

0 15 5.56 0

10 1.24 5.34 -5

20 1.78 2.36 -24.5

30 2.8 1.38 -35

39.5 3.6 0.62 -40.5

49.5 4.3 0.02 -49




jack under front left

controlled variable Front Angle (o) |Rear Angle (o)|weight of rear right (Kg)
-0.5 1.08 5.16 -2

10.5 1.62 5.64 -15

19.5 2.34 6.3 -27.5

29.5 3.72 7.62 -47

40 4.68 8.56 -47

50 5.44 9.3 -47

Analysis

Measurement session 1
The students tabulated their results using excel which allowed them to create a graph to show the
correlation between the wheel travel and the spring compression. They then drew a line of best fit

onto the graph, the gradient of this line is equal to the motion ratio.

50

spring compression (mm)
=
L ]

Motion ratio=0.552:1

Now that the students have got a value for the motion ratio they are now able to calculate the

wheel rate (Kw)

Wheel rate equation:

y=0.552% +

motion ratio

1.266

R*=0.9976

30 40 50 60

wheel travel (mm)

Kw=Ksf x MR

70 80 90

Ksf = spring rate (included in the data sheet which was supplied to the students)

Ksf = 325Ib/in
Ksf = 58.5 N/mm
Kw =585 x0.552% =

Kw=17.835 N/mm

17.825

17.835x 10% = 17825

325 x 0.18 = 58.5 (conversion from Ib/in to N/mm)

Kw =17825 N/m




Measurement session 2

wheel rate with opposing side jacked up (Kw)

1200
1000 y = 16.455x + 9.8362
— 2= ?
2 a0 R?=0.999
w
2
8 600
(=)
=
E 400

200

0 10 20 30 40 50 &0 70
wheel travel (mm)

wheel rate without opposing side jacked up (Kw)
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1400
v = 15.888x + 3.7958

1200
R?=0.9345
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400
200
0
0 10 20 30 40 50 60 70 80 80
Axis Title
jacked up not jacked up jacked up not jacked up
wheel travel (mm) |wheel travel (mm) load change (N) |load change(N)

0 0 0 0

4.05 1.7 88.29 132.435

10.26 16.04 186.39 235.44

18.1 23.19 309.015 358.065

2.3 28.32 372.78 426.735

26.79 34.14 446,355 519.93

34.24 38.58 564.075 578.79

35.38 43.64 657.27 676.89

44,44 48.07 740.655 750.465

49.29 52.28 819.135 819.135

52.86 55.74 887.805 877.995

58.95 59.34 981 946.665

64.38 62.69 1069.29 1010.43




The students tabulated their results using excel which allowed them to create a graph to show the
correlation between the wheel travel (mm) and the load change (N) They then drew a line of best fit
onto the graph, the gradient of this line is equal to the wheel rate (Kw).

Kw = 16.455 N/mm 16.455 x 10%= 16455 Kw = 16455 N/m

Direct measured wheel ratio = 16455 N/m

Calculated wheel ratio = 17825 N/m

Calculated wheel ratio — direct measured wheel ratio = difference between wheel ratios

17825 - 16455 = 1370 difference between wheel rates = 1370 N/m

Measurement session 3

Once the students had gotten to this point, they were tasked with working out the locost’s
theoretical roll stiffness of its front suspension. To do so the students will need to use the values that
they determined for the measured wheel rate and the theoretical wheel rate as well as the locost’s
front track width.

Calculated wheel ratio (Kwf) = 17825 N/m
Direct measured wheel ratio (Kwf) = 16455 N/m
Front track (Tf)=1.34 m
Kor= (T7 X Kyg)
2
Roll stiffness using calculated wheel rate

Kor=(1.34° x 17825)
2

Ky =16003.285 Nmyrad

T
16003.285 x 180 = 279.3050402 Nm/degree

Roll stiffness using the measured wheel rate
Ky =(1.34° x 16455)
2
Kor= 14773.299 Nm/rad

T
14773.299 x 180 = 257.8427089 Nmvdegree

Next the students the students had to work out the moment being reacted by the front
wheels, in order to do this the students had to convert their weight values from Ib's to
newtons (0.224808942443 Ib = 1 N). The converted measurement results are displayed in the
table below. (Convertunits.com, 2016)




jack under rear right jack under rear left
weight of Front Right (N) |weight of Front Left (N) weight of Front Left (N)|weight of Front Right (N)
0 0 0 13.3416
49.05 93.5874 44.6355 17.7561
89.1729 151.5645 89.1729 40.1229
133.7103 196.2 133.7103 66.8061
178.3458 236.3229 178.3458 98.1
222.8832 267.5187 222.8832 138.2229
178.3458 218.4687 178.3458 111.4416
133.7103 147.15 133.7103 98.1
89.1729 80.2458 89.1792 66.8061
44,5374 13.3416 44.5374 31.1958

the equation below is to work out the average wheel load

{ Weight of front right (N} + weight of front left (N} )
2

Average load x front track = moment

The results from both of the equation’s for the test session with the jack under the rear right
are displayed in the table below.

Front angle (o) |moment
1.25 95.567058
1.07 161.294058
0.95 221.039901
0.74 277.828029
0.56 328.569273

roll stiffness
400
350
300
250
200

y = -338.04x + 525.83
R? = 0.9882

moment

150
100
50

0 0.2 0.4 0.6 0.8 1 1.2 14

front suspension plane roll angle ()

The measured front roll stiffness is equall to the gradient of the front suspension roll angle
against the moment being reacted by the front wheels.

Measured roll stiffness = 338.04 Nm/degree




Theoretical Roll stiffness using the measured wheel rate = 257.8427089 Nm/degree
Theoretical Roll stiffness using the calculated wheel rate = 279.3050402 Nm/degree

From interpreting the results and comparing our two values that have been acquired for the
theoretical roll stiffness’s and our value for measured roll stiffness, we are able to see that
the theoretical roll stiffness using the calculated roll stiffness is closer to the actual measured
roll stiffness than the theoretical roll stiffness using the measured wheel rate. This is not the
result that was expected due to the fact that the measured theoretical takes into account
more real world forces than the calculated stiffness.

The chassis twist is equal to the front suspension plane roll angle minus the rear bulkhead
plane roll angle. This is displayed in the table below.

Rear angle (0)|Front angle (o) |chassis twist
0.97 1.29 -0.32
0.89 1.25 -0.36
0.76 1.07 -0.31
0.58 0.95 -0.37
0.36 0.74 -0.38
0.2 0.56 -0.36

chassis stiffness

®
300
°
250
= . ¥ = -2636.3x - 741.99 "
@ " 5 00
£ R?=0,3798
2 e 150
E
® 100
50
L it
0.4 0.35 -0.3 -0.25 -0.2 -0.15 -0.1 -0.05 0

chassis twist()

The graph for chassis stiffness does not show a clear correlation although it is possible to

draw a trend line on it which gives negative correlation. This means that the chassis twist

jumps up and down through the moments. This could suggest a fault in the readings that
were taken off of the inclinometers.




Measurement session 4

The purpose of this test session was for the students to be able to work out the theoretical roll
stiffness, the student will have to first work out the effective spring rate in order to work out the
theoretical roll stiffness.

Spring rate = 130 Ibfinch
(Convertunits.com, 2016)
130x 175.13 =22766.9
Spring rate = 22766.9 N/m
Motion ratio = 1.003
K..r = effective spring rate
Kser = spring rate x motion ratio®
Kser = 22766.9 x 1.003° = 22903.7063 Nm/degree
Kor = (Tsl X Kser)
2

Roll stiffness = ( rear spring track x effective rear spring rate )
2

Rear spring track = 0.96m

;U.Qﬁz X 22903.7063) = 10554.02786
2

Roll stiffness = 10554.02786 N/m
T
10554.02786 x —— = 184.2025355
180

Roll stiffness = 184.2025355 Nm/degree

measured rear roll stiffness

800
700
600
500
400
300 |y =-550.09x + 840,91
200 R*=0.9986

100

moment

rear angle




Measured rear roll stiffness = 550.09 Nm/degree

Measured rear roll stiffness — calculated rear roll stiffness = 365.888

Measurement session 5
In this session the students have to work out the rear axle stiffness.

rear axle roll stiffness

moment
I
=
(=]

y=-103.19x + 616.73
100 R*=10.9463

rear angle (°)

Rear axle stiffness = 103.19 Nm/degree
Calculated rear roll stifiness = 184.2025355 Nm/degree
103.19 + 184.2025355 = 287.3925355
Measured rear roll stiffness = 550.09 Nm/degree
550.09 - 87.3925355 =262.6974645
Difference between the 2 values = 262.6974645 Nm/degree

The results differ which is unexpected, the error could be down to human error or
calculation error.

Evaluation

Session 1

The locost race car was setup for the students by the work shop technician at the start of the week
for the first test session, we were not the first group to have carried out this measurement session
on the car. The technician informed us that the car's configuration will not be the same as it was at
the start due to the fact that that groups prior to us have unknowingly altered the setup, this means
that our results will not be as accurate as they could have been. If we were to repeat the test we
would get the car reconfigured before we start to increase our accuracy.

Another limiting factor in our test was the jack that was used to prop the car up, we were unable to
jack the car up without the jack moving about due to its small base on the slippy workshop floor. If
the tsets were to be repeated a sturdier jack would increase the accuracy of the measurements and
leave less room for error.




Session 2

The largest limiting factor in this test session was the fact that the height gauge was not tall enough
to measure what we needed to measure, the problem was solved by placing the height gauge on an
engineer’s block to give it the extra height that was needed to measure to our required height. If the
test session was repeated, a more appropriate sized height gauge will be used in order to increase
the accuracy. Another issue we had with the height gauge was the fact that the scribe was very short
so the height had to be placed on the scales and then the scale was zeroed. The problem being that
the height gauge had to be handled to take measurements which was therefore picked up by the
scale. If | was to repeat the test | would also make sure that the height gauge had a long scribe so
that it will not have to be on the scale.

Session 3 & 4

The flaw in the measurement sessions 3 and 4 was the fact that the car was being jacked up on the

rear on both sides, the students were unable to assure that they were jacking the car up from the
exact same point on each side. Jacking the car from different points on each side would mean that

the chassis has a different angle of twist on both side. To increase accuracy the workshop technician
could mark the jacking points so that they are clear for the students to see and use.

Session 5

The students had to carry out session five twice due to the realisation that despite the dampers
being removed, they were still pressing against the top mounts and not allowing the axle to twist
freely. The students repeated the test after ensuring that the dampers were clear of their top
mounts to ensure that they were getting the correct readings.
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FINAL GRADE GENERAL COMMENTS
Instructor
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®

PAGE 2

Comment1 | = Analysis
No summary comparison between measured and theoretical results which would have helped
me understand what you had achieved.

Comment 2 | s Res-inflLit
Very little in your literature review, Harry. You need to spend much more time on this part of
your projects and assignments in the future.

Comment 3 | = Skills Prof P

Try to word your assignments in the 3rd person and using the passive voice in the past
tense. It is a report of what was done rather than how it is going to be done. Makes sure to
specify the units used in tables and graphs.
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PAGE 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9

PAGE 10

PAGE 11



PAGE 12

PAGE 13

PAGE 14

PAGE 15

, Comment4 | == Analysis
The rear spring rate was 300Ib/inch which will mean your results are a much closer match
than you thought. You should have investigated this further

PAGE 16

PAGE 17

’ Comment 5 | s Prac App&Depl
You were measuring the reaction loads so the position of the input is irrelevant .

’ Comment 6 | = Prac App&Depl
Good practice to review work and repeat if needed. Even better is to look very carefully at
what your are doing to see if you can spot things like this earlier on.

PAGE 18




RUBRIC: BACHELOR'S ASSESSMENT CRITERIA

RES-INF LIT

Research-informed Literature. Extent of research and/or own reading, selection of credible sources,
application of appropriate referencing conventions

OUTRIGHT FAIL 0-
29%

UNSATISFACTORY
30-39%

SATISFACTORY 40-

49%

GOOD 50-59%

VERY GOOD 60-
69%

EXCELLENT 70-79%

EXCEPTIONAL 80-
100%

K & U SUBJECT

Little or no evidence of reading. Views and findings unsupported and non-
authoritative. Referencing conventions largely ignored.

Poor evidence of reading and/or of reliance on inappropriate sources, and/or
indiscriminate use of sources. Referencing conventions used inconsistently.

References to a limited range of mostly relevant sources. Some omissions and
minor errors. Referencing conventions evident though not always applied
consistently.

Inclusion of a range of research-informed literature, including sources retrieved
independently. Referencing conventions mostly consistently applied.

Inclusion of a wide range of research-informed literature, including sources
retrieved independently. Selection of relevant and credible sources. Very good use
of referencing conventions, consistently applied.

A comprehensive range of research informed literature embedded in the work.
Excellent selection of relevant and credible sources. High-level referencing skills,
consistently applied.

Outstanding knowledge of research-informed literature embedded in the work.
Outstanding selection of relevant and credible sources. High-level referencing
skills consistently and professionally applied.

Knowledge and Understanding of Subject. Extent of knowledge and understanding of concepts and
underlying principles associated with the discipline.

OUTRIGHT FAIL 0-
29%

UNSATISFACTORY
30-39%

SATISFACTORY 40-
49%

GOOD 50-59%

VERY GOOD 60-
69%

EXCELLENT 70-79%

EXCEPTIONAL 80-
100%

Major gaps in knowledge and understanding of material at this level. Substantial
inaccuracies.

Gaps in knowledge, with only superficial understanding. Some significant
inaccuracies.

Evidence of basic knowledge and understanding of the relevant concepts and
underlying principles.

Knowledge is accurate with a good understanding of the field of study.

Knowledge is extensive. Exhibits understanding of the breadth and depth of
established views.

Excellent knowledge and understanding of the main concepts and key theories.
Clear awareness of challenges to established views and the limitations of the
knowledge base.

Highly detailed knowledge and understanding of the main theories/concepts, and a
critical awareness of the ambiguities and limitations of knowledge.



ANALYSIS

Analysis. Analysis, evaluation and synthesis; logic, argument and judgement; analytical reflection;
organisation of ideas and evidence.

OUTRIGHT FAIL 0-
29%

UNSATISFACTORY
30-39%

SATISFACTORY 40-

49%

GOOD 50-59%

VERY GOOD 60-
69%

EXCELLENT 70-79%

EXCEPTIONAL 80-
100%

PRAC APP&DEPL

Unsubstantiated generalisations, made without use of any credible evidence. Lack
of logic, leading to unsupportable/ missing conclusions. Lack of any attempt to
analyse, synthesise or evaluate.

Some evidence of analytical intellectual skills, but for the most part descriptive.
Ideas/findings sometimes illogical and contradictory. Generalised statements made
with scant evidence. Conclusions lack relevance.

Evidence of some logical, analytical thinking and some attempts to synthesise,
albeit with some weaknesses. Some evidence to support findings/ views, but
evidence not consistently interpreted. Some relevant conclusions and
recommendations, where relevant.

Evidence of some logical, analytical thinking and synthesis. Can analyse new
and/or abstract data and situations without guidance. An emerging awareness of
different stances and ability to use evidence to support the argument. Valid
conclusions and recommendations, where relevant.

Sound, logical, analytical thinking; synthesis and evaluation. Ability to devise and
sustain persuasive arguments, and to review the reliability, validity & significance
of evidence. Ability to communicate ideas and evidence accurately and convincingly.
Sound, convincing conclusions / recommendations.

Thoroughly logical work, supported by evaluated evidence. High quality analysis,
developed independently or through effective collaboration. Ability to investigate
contradictory information and identify reasons for contradictions. Strong,
persuasive, conclusions, justifiable recommendations.

Exceptional work; judiciously selected and evaluated evidence. Very high quality
analysis, developed independently or through effective collaboration. Ability to
investigate contradictory information and identify reasons for contradictions.
Highly persuasive conclusions.

Practical Application and Deployment. Effective deployment of appropriate methods, materials, tools
and techniques; extent of skill demonstrated in the application of concepts to a variety of processes
and/or contexts; formulation of innovative and creative solutions to solve problems.

OUTRIGHT FAIL 0-
29%

UNSATISFACTORY
30-39%

SATISFACTORY 40-
49%

GOOD 50-59%

Limited or no use of methods, materials, tools and/or techniques. Little or no
appreciation of the context of the application.

Rudimentary application of methods, materials, tools and/or techniques but
without consideration and competence. Flawed appreciation of the context of the
application.

An adequate awareness and mostly appropriate application of well established
methods, materials, tools and/or techniques. Basic appreciation of the context of
the application.

A good and appropriate application of standard methods, materials, tools and/or



VERY GOOD 60-
69%

EXCELLENT 70-79%

EXCEPTIONAL 80-
100%

SKILLS PROF P

techniques. Good appreciation of the context of the application, with some use of
examples, where relevant.

A very good application of a range of methods, materials, tools and/or techniques.
Very good consideration of the context of the application, with perceptive use of
examples, where relevant. Evidence of some innovation and creativity.

An advanced application of a range of methods, materials, tools and/or
technigues. The context of the application is well considered, with extensive use
of relevant examples. Application and deployment extend beyond established
conventions. Innovation and creativity evident throughout.

Outstanding levels of application and deployment skills. Assimilation and
development of cutting edge processes and techniques.

Skills for Professional Practice . Demonstrates attributes expected in professional practice including:
individual initiative and collaborative working; deployment of appropriate media to communicate
(including written and oral); clarity and effectiveness in presentation and organisation.

OUTRIGHT FAIL 0-
29%

UNSATISFACTORY

30-39%

SATISFACTORY 40-

49%

GOOD 50-59%

VERY GOOD 60-
69%

EXCELLENT 70-79%

EXCEPTIONAL 80-
100%

Communication media is inappropriate or misapplied. Little or no evidence of
autonomy in the completion of tasks. Work is poorly structured and/or largely
incoherent.

Media is poorly designed and/or not suitable for the audience. Poor independent or
collaborative initiative. Work lacks structure, organisation, and/or coherence.

Can communicate in a suitable format but with some room for improvement. Can
work as part of a team, but with limited involvement in group activities. Work lacks
coherence in places and could be better structured.

Can communicate effectively in a suitable format, but may have minor errors. Can
work effectively as part of a team, with clear contribution to group activities.
Mostly coherent work and is in a suitable structure.

Can communicate well, confidently and consistently in a suitable format. Can work
very well as part of a team, with very good contribution to group activities. Work is
coherent and fluent and is well structured and organised.

Can communicate professionally and, confidently in a suitable format. Can work
professionally within a team, showing leadership skills as appropriate, managing
conflict and meeting obligations. Work is coherent, very fluent and is presented
professionally.

Can communicate with an exceptionally high level of professionalism. Can work
exceptionally well and professionally within a team, showing advanced leadership
skills. Work is exceptionally coherent, very fluent and is presented professionally.
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