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Introduction

In This essay | will be discussing the various differences to the roll and chassis stiffness. It
will be followed by the methodology of 5 different measurements taken on the chassis rig of
what we did and how this was done. | will then be analyzing the different data found and
calculated with the measurements and explain how the data was found and calculated.




Research

For a vehicle to drive and function correctly it needs to have the handling balanced tuned
this means that it should have a certain amount of torsional stiffness to a certain amount of
suspension stiffness, this will make the vehicle handle much better.

Chassis stiffness is determined on being able to maintain the lateral load throughout the
transfer distribution. When a vehicle is under different static forces present in the steady
state. This states that the

“racing car to consist of two point masses, Mf and Mr for the front and rear respectively,
connected by a torsional spring, Kch, and a suspension at each end of the vehicle
represented by a roll stiffness”

“The effect of chassis stiffness on race car handling balance, Andrew Deakin, School of
mech.eng The wuniversity of leeds”

There are different restrictions in the suspensions known as the installation stiffness, this is
reduced by the chassis torsional stiffness when seen at the wheels this is considered as
possible errors what could alter between the model.




Methodology

A . Front wheel Motion ratio MR and calculated wheel rate Kw

For the first test we have to measure the front wheel motion ratio and calculate the wheel
rate from this. We started the test when the wheel was on full droop which had to have a
ground clearance of 155mm and then we could use this as our zero point. We took our
height gauge and made a point on the wheel so we had a axis on which to zero our gauge.
The next point was to make a start we used a jack to raise the wheel, for this test each
increment was two revolutions of the jack each point of this we measured the damper and
the height and noted it down. We went from -30 up to +30 so we saw a 60mm wheel travel.
To calculate the wheel rate we needed to do a spring compression test, which compresses a
spring to determine the compression ability this was measured in Ibs/in, which we then had
to convert into N/mm to calculate the wheel rate.

B .Front Wheel rate Kw

To measure the front wheel rate we had to make sure that we had the appropriate tools
correctly placed, as this is key to get accurate results. We firstly set up the weight scales and
connected the laptop making sure that we set this to KG, when this was done we placed the
height gauge on a engineers block onto of the scales as it would not reach its desired point
to measure the height at each increment (Figure 1). For each measured increment during
this test it was half a turn on the jack, we placed a DTl gauge on the chassis near the damper
mounting point so we could measure the chassis flex (figure 2) also making a note of the
height and weight change.

This test was done 4 times to increase the validity of the results as when each test was
complete we found our results were not as expected so each time we re did the test we
changed bits for example we greased up the joints so they would move freely and not have
as much friction, leaving us with a happy end result.

Figure 1 Figure 2




C. Front roll Stiffness and Chassis Stiffness

To measure the front roll stiffness and chassis stiffness, the first step was to place both front
wheel on computer based scales which are on adjustable scale mounts. To measure the
front and rear roll angle we used an inclinometer, this piece of equipment recorded the
angle of the bulkhead axis and also the suspension plane at the front of the car. We used a
steel plate which was clamped to the rear and then to the front of the vehicle to achieve the
measuring point, to make sure this was accurate we had to make a mark on where the
inclinometer.

To measure the load on the vehicle as noted above we placed the two front wheels on the
scales. To make sure that the vehicle was balanced we used the adjusting scales we could
make sure that we could set a pre load and also zero the vehicle scales. For this test so we
could alter the load on different sides we placed two jacks and in turn increase them in half
turns and measured using the inclinometer noted at each increment and also the front roll
angle was noted.

D. Rear Roll Stiffness

To determine the roll stiffness on the rear of the vehicle it is the basic principles of how we
did the front roll stiffness just in reverse so that the front wheels were supported and the
rear wheels were placed on the adjustable scales like before. As mentioned previously we
needed to make sure that the vehicle was balanced properly by using the scale adjusters we
could set a pre load and also make sure that the scales were zeroed.

Both jacks were placed on each side of the vehicle and were increased in increments of a
half turn on each jack we then could take note on what the scales measured and the roll
angle was then measured using the inclinometer.




Results and Analysis

Front motion ratio and calculated wheel rate

To calculate the front motion ratio, we needed to carry out the test referring back to (A) in
our methodology, Once we had taking all the measurements needed we needed to move on
and plot them in an excel table. Figure 3

Ride Wheel Damper Damper
height displacement length Displacement
30 0 73.16 0
27.87 2.13 70.16 3
18.33 11.67 64.95 8.21
7.73 22.97 59.13 14.03
-7.9 37.9 54.91 18.25
-18.32 48.32 48.54 24.62
-27.22 57.22 43.36 29.8
-31.55 61.55 40.77 32.39
Figure 3

Now we have the table of our results we can go ahead and plot a graph showing wheel
displacement against the damper displacement, once we have done this we can go ahead
and plot the trend line in order to calculate the motion ratio. From our table of results when
comparing the wheel displacement, we can see that as we raise the scissor jack in quarter
turn increments the damper displacement increases negatively throughout the whole
61.55mm of wheel displacement which would suggest that the test is being carried out
correctly.




Using excel we can plot a graph with wheel displacement vs. the damper length once we
have done this plotted a constant line just to show the decrease in the damper length when
the wheel displacement increases. | have then added a trend line so | can then go ahead and
calculate the motion ratio

35
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wheel displacement - damper length

4] 2.13 11.67 22.97 37.9 48.32 57.22 B61.55

Once this is done and the trend line is added using the excel software we can go ahead and
show the equation, as we can see that the Y value = 0.49 which is our calculated wheel ratio,
what this value suggests is that on every 1mm of wheel movement the damper compresses

0.49mm.
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y = 0.4926x + 1.4021
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Calculated wheel rate

To be able to calculate the wheel rate we needed to make sure that we measured the spring
rate, this was done using the spring compression test also referring back to section A. in the
methodology. Once we had these values we needed to use the calculation, When doing the
spring compression test we saw a value of 313 Ib/in as the springs are manufactured to each
individual car most will have stamp at the bottom of the coil showing what the spring is
rated to which was 325 |b/in as components wear overtime a suggest tolerance is given
which is + - 10% which we now can see that our spring is in tolerance.

Kw = Ksf x MR?
Kw = Wheel Rate
Ksf = Spring rate
MR = Mation ratio
As we know that our spring rate was 313lb/in this has to be converted into N/mm which is

54.8 and as calculated above we can see our motion ratio is (0.49)

Kw =548 x 0.49x*

=13.6 N/mm
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Measured Wheel Rate

For the measured wheel rate referring back to section B in methodology for this test we had
to make sure the rig was set up correctly and we had the height gauge mounted correctly
when making sure on the chassis flex, it was key to keep an eye on this as we did not
suspect the chassis to flex much as if we saw a lot of flex we could suggest that there was an
issue with the vehicle.

AAree Arhoo] Troual fronr i v (N rhaecic Elp
IVIOSS Wheel Travel (mm) Load (N) Lassis rlex

v

27.5 1.29 269.78 0.15

55 4.94 539.55 0.54
67 9.52 657.27 0.79
75.5 13.58 740.66 0.95
825 17.23 809.33 1.07
90 21.29 882.9 1.24
94.5 25.03 927.05 13
101 28.04 990.81 1.6

From the results above we can see that the results start from 1.29mm of wheel travel, we
can suggest this is our pre load value as when referring to the table of results we see a load
of 269.78 N, if we were to include this into our wheel rate calculation we would see that the
answer is much more, due to this being the pre load we do not use it.

When looking into the graph we can see that at 13.58mm of wheel travel we can see that
there is a load of 740.66 N when we raised the jack another quarter increment the wheel
travel had increased by 3.56mm this would suggest that at each quarter turn we would
suspect to see an estimated wheel travel of 3.7mm. When comparing the load we can see a
change on 68.67 N which stays the same throughout the whole table.
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Wheel travel vs Load
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As we can see from the graph above that when we compare the wheel travel vs the load
the trend line in which we add comes up to a measured wheel rate of 18,905, as the
calculated wheel rate was 13.6 and the measured wheel rate is 18.905 we can suggest that
there is something inconclusive about these results, as we felt that the suspension was not
moving as freely as possible we felt like there was too much friction in each joint so we went
ahead and greased all the joints up and also loosened them off slightly just to see if this
made our measured wheel rate closer to our actual calculated results

Mass Wheel Travel (mm) Load (N) Chass Flex (mm)
33 3.37 323.73 0.37
44.5 7 436.55 0.58
53 11.3 519.93 0.74
62 15.53 608.22 0.89
70 20.02 686.7 1.05
75.5 23.16 740.66 1.16
80 26 784.8 1.33
85.5 28.89 838.76 1.65
91 32.41 892.71 1.8
96.5 35.1 946.67 191

100 37.25 981 1.99
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The results above show the second test we did, the reason why we did this test was because
the wheel rate was very high when comparing to the actual calculated wheel rate, we felt
that this was down to the friction of the suspension as mentioned above. When looking into
the results we can see that not a huge amount had change as we can see that at 7mm of
wheel travel we get 436.55 of load and when comparing to the wheel travel of 11.3 we can
see that throughout a quarter turn of the scissor jack we see 4.3mm of travel, and when
comparing the load, we can see 83.38N of load, this would suggest that the suspension is
easing up and the friction is getting less and less each time we do the test.

Wheel Travel (mm) vs Load (N ) 2nd test

1200
1000 y=17.796x+ 322.43
800 mfe”m"

&00 "-““D--“mw

a

400

200

As we can see from the graph above we can prove that the friction in the suspension is
getting less as the measured wheel rate is less than calculated before but as we can see it is
no where near our calculated one. We then went ahead and completed the process again
which when logged into excel we saw a lower wheel rate again but this was still around the
17.012 mark, to Improve the validity of our results even further and just for our sake we
wanted to do the test for a fourth time just to see how close we could get, this time we
greased all joints up again slacked them off and worked the suspension up and down to free
it up even more.

Wheel rate vs Load 4th test
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The graph above shows our measured wheel rate for the fourth test, we carried out this test
with all the suspension slacked and also went up to a higher mass to see if this would alter
the measured wheel rate and as we can see above it did, even though we only lowered the
result by 2N/mm it still has a much lower result than we first did which is very good to see if
we wanted to try and prove that when the suspension moved the friction would be less and
less and doing these four test have proved this. Although we might not of had as close to
the calculated wheel rate it still was much lower than the start, we can suggest that our
wheel rate is higher due to the accuracy of our measurements as they might of not been
spot on.
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Front Roll stiffness

To calculate the theoretical roll stiffness, we first need to use the equation

2
Kpf = Tf .‘P;K'Wf

Now we have this equation to start we are going to calculate the theoretical roll stiffness
using the measured wheel rate first and then we are going to use the calculated wheel rate.

Starting using the equation above we can fill in the known areas in order to create our
calculation. Using the measured wheel rate

1.368% x 16.396
2

Kpf =

=15.34 x10° N/mm

The calculation below is done using our calculated wheel rate.

1.368% x 13.6

Kpf = 5

=12.72x10° N/mm 567

As we can see that both our calculations are different as we used our measured wheel rate
and calculated wheel rate, as noted above when these were calculated we could not get our
measured wheel rate down to what the calculated one was as we felt there was a lot of
friction in the suspension systems.
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From our test, the table below will show all the data that we took, following this | will
creating graph against roll angle vs. moment from this | can then go add a trend line and this
will be our measured roll stiffness.
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To calculate our measured wheel rate we had to do a couple of things in order to be able to
log the data into the graph and then create it to show the trend line and equation. The first
call of order was to times our load by gravity as which we know is 9.82, as seen in the table
above this load is the Load x Gravity column, once this is done | am now able to calculate
the average load, this is done by adding both loads together and then dividing by two as
which we can see in the graph as average load. Finally before we make our graph which
shows moment against front wheel angle we had to calculate the moment. In excel you can
set this up to do most for you as we know that moment is the track times the roll angle now
this is all calculated | can go ahead and log it all into a graph.
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Front Roll angle Vs moment
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As we can in the graph above when all the results are logged in the gradient of the graph
increases formally which shows that our results are accurate as they should increase as the
load increases. The measured wheel rate that was found when the trend line was added is
13.68x10” This would suggest our results are accurate as it sits right between our
theoretical roll stiffness as using our measured we had 15.34x10° and using the theoretical
roll stiffness we had 12.72x107* as our result sits in the middle of both of these and is more
closer to the theoretical calculation as of this | feel the results we had were accurate.

Chassis stiffness

To calculate the chassis stiffness, the first step we need to do is to is calculate the chassis
twist this is done by taking away the rear roll angle from the front roll angle of the vehicle as
we can see in the chart below this is shown as chassis twist.

front

3.5
3.47
3.38
3.26

rear

1.71
1.62
1.54
1.42

Chassis twist

1.79
1.85
1.84
1.84

Moment
4788
4746.96
4623.84
4459,68
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3.14 1.27 1.87 4295.52
3.06 1.18 1.88 4186.08
2.95 1.06 1.89 4035.6
3.84 0.96 2.88 5253.12
2.74 0.84 1.9 3748.32
2.63 0.73 1.8 3597.84
2.52 0.62 1.9 3447.36
2.41 0.52 1.89 3296.88
2.31 0.43 1.88 3160.08
2.26 0.31 1.85 3091.68
2.15 0.22 1.93 2941.2
2.06 0.12 1.94 2818.08

As we can see in the table above | have added the moment of the vehicle as we have this
and we also have the chassis twist we can now plot a graph which then a trend line will be
added therefore bringing up the equation which will show the chassis stiffness.

Chassis twist vs Moment

@

2.5
2 -"]_ o ) g0 O — T O O O_D T U
5
y =0.0061x + 1.8938
0.5
l":.
0 2 4 7] 8 10 12 1 16 18

As we can see in the graph above there is a clear increase in the gradient of the line as we
would expect to. Showing the chassis twist of 0.0061 which is very good it would only twist
a small amount through all different loads.




19

Rear Roll Stiffness

To find the rear roll stiffness we need to use the equation

Tsr2 x Kser
2

Keor =

K@r = Rear Roll Stiffness
Tsr = Rear spring track
Kser = Effective rear spring rate

When measuring the suspension we took a measurement to find that the rear spring track
was 1370mm and we also know from a measurement above that the rear spring rate was
54.8x10” as we know all the values needed to calculate our theoretical rear roll stiffness we
can now go ahead and substitute them into the equation.

1370% x 54.8X1073
Ker = >

=51.43 X 10°

Now that | have my theoretical value | can now go ahead and find my measured rear roll
stiffness and compare them together making a commenting on why they could be different,
this is done in the exact same way as the front roll stiffness.

To calculate the measured rear roll stiffness | firstly had to create a table in order to plot the
graph. With the results | collected from doing the measurements we had the Left rear load,
Right rear load, Front angle and rear angle, you can see this in the results below.




Left Rear (Kg)
0

12
23
33
43.5
50
61
69
78.9
84.5
94.5
99

Right rear (Kg)

0

8
19.5
29.5
40
47.5
59
68
77
82.5
91.5
97.5

1.45
1.63
1.91
2.18
2.41
2.62
2.91
3.14
3.36
3.56

3.8
3.97

20

Front angle Rear Angle

1.17
1.27
1.49

1.7
1.88
2.06
2.29
2.49
2.67
2.82
3.02
3.15

Average Load Load x Gravity Track

0

16
32.75
47.75
63.5
73.75
90.5
103
117.4
125.75
140.25
147.75

156.96
321.2775
468.4275

622.935
723.4875
887.805
1010.43
1151.694
1233.6075
1375.8525
1449.4275

1370
1370
1370
1370
1370
1370
1370
1370
1370
1370
1370
1370

From the table above and the results | gathered from the measuring, from this | was able to
calculate the average load for the rear, this was done by adding both values up then dividing

by 2, this then gave us our average load. The next step was to times the load by gravity as

we knew that gravity's value is 9.81 we just times the average load value by that seeing this

in the load x gravity column. To find the moment we need to times the track by the load x
gravity this will give us the moment once this is done we can finally create a graph
comparing the front roll angle by the moment in which we then can add the trend line to
calculate the measured roll stiffness.

Rear roll Angle vs Moment
250000
. y =9B798x - 104727
200000
150000

100000 y-

50000 }}/

The rear roll angle we got when finding it out using the trend line was 98.79x10* which
when we compare to what we got using the theoretical calculation is much more, this can
be down to numerous different elements such as the friction in all the joints but also the
accuracy of measuring which comes down to when we measured.

Moment
1602.9
1739.9
2041.3

2329
2575.6
2822.2
31373
3411.3
3657.9
38634
4137.4
4315.5
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Rear axle without springs

The test we did for this is the rear axle without springs the reason in which we did this was
as the springs when mounted to the car have a high rate in twist it would increase the whole
rear roll stiffness, by removing the springs we are able to measure and calculate both
theoretical and measured roll stiffness and we can then refer back to the roll stiffness with
springs and we would like to suggest that this roll stiffness would be considerably lower.

We will be using the same equation as above which will calculate the theoretical roll
stiffness, which will be exactly the same as above.

Tsr2 x Kser
Kor = 5

When the data is added

1370% x 54.8X1073
2

Ker =

=51.43x10°

From this the same method as above will occur and | will calculate all the data and log it into
a table which | can then go ahead and calculate the measured roll stiffness without springs.

Left Right Front Rear Average load x Track Moment
Rear Rear Angle Angle load gravity
0.5 2 1.24 5.16 1.5 14.715 1370 20159.55
10.5 15 1.78 5.64 18 176.58 1370 241914.6
19.5 27.5 2.8 6.3 33.25 326.1825 1370 446870.025
29.5 30 3.6 7.62 44.5 436.545 1370 598066.65
40 47 4.3 8.56 63.5 622.935 1370 853420.95

As we can see from the graph above when all the calculations are done and everything we
need is there, | can then go ahead and plot the graph for Rear roll Angle against moment;
once this is done | can add the trend line.




900000
800000
700000
600000
500000
400000
300000
200000
100000

0

22

Rear Roll Angle vs Moment
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As we can see in the graph above we have a rear roll stiffness of 22.21x10° | feel that this is
a accurate number to of achieved as now that the rear springs have been removed the roll
stiffness has become marginally less as only now the arms and bushes are able to move
slightly this is how we saw a smaller number. As our theoretical number is also higher than
this number that is what we expected as the theoretical roll stiffness is calculate with the
spring rate so there for this accounts for the springs included in the rear axle. -

=710
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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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