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Abstract

The pursuit for faster lap times around a track never ends. Motorsport is constantly evolving with up
to the minute technology and cars are getting lighter and more potent without compromising on
reliability and efficiency. This project is about improving the overall performance by reducing weight
and finding new methods for making components lighter but also maintaining a middle ground
between lightness and reliability and is based on the Zentrack car. Various parameters will be
evaluated like the chassis, brakes, steering setup, suspension setup and will be fine tuned by utilizing
CAD software and a Simulator. The car will be setup in a such a way that it feels at home on a public
road and at a racetrack. This project will aid us in learning technical knowledge about various
materials and their properties, weight distribution, designing components, manufacturing standards
and simulation. Success will be measured by how the vehicle performs on track compared to the
stock vehicle and how content the owner of the car is after driving it.




Team Members Roles and Responsibilities:

The team consists of nine members. We conduct group meetings every week and discuss various
ideas for the project. The points shared in every meeting is recorded to keep track of milestones.

Team Roles:
Leo May — Team leader

- Responsible for the CAD model and evaluating the SIM model.
Harry Farnhill

- Responsible for the component analysis and evaluating the accuracy of the SIM model.
Oliver Duane

- Responsible for the CAD coordinates, fine tuning of the spring rates and dampers, evaluating
coordinates on wingeo and deciding on the brake setup.

Sam Treleaven

- Responsible for the stress testing of the chassis on CAD, working on wishbones to make it
lighter without compromising the strength, analysing components and weighing of the car
with different parameters.

Quan Zhou

- Responsible for the steering setup, fine tuning the spring rates and dampers and designing
uprights.

Zhangwei Guo

- Responsible for evaluating brake setup.
Steven Wilkinson

- Responsible for calculating inertia of wheels and tyre setup.
Sun Zhaocong

- Responsible for identifying different evaluation methods.




Personal Role:

My role in this project is working on the uprights to make it as light as possible without
compromising on its ability to withstand high levels of stress while acceleration, deceleration and
cornering. The uprights are a component in a car’s suspension which is used to form a connection
between the upper and lower suspension arms. They are also used to mount the brake discs, the
caliper and the wheel.

The stock uprights are weighed and measured first to set a baseline. The design of the uprights is
evaluated and is altered on solidworks and then re-evaluated to find out if it has become lighter and
has not compromised on the strength of the component. This is done by applying various forces
using the stress analysis feature available on Solidworks. Once the stress analysis is complete, the
manufacturing limitations, costs and the appropriate material is calculated out and decided on. The
design gets refined before it is machined and finished using the chosen material in the workshop
using specialist machines and tools.

To redesign an upright, | should be able to understand the forces, stress and strain which will act on
the car under varying situations, the manufacturing standards and cost limitations, operating
specialist equipment and tools and a set of skills to operate Solidworks.

Belbin’s Model

According to Meredith Belbin’s research, a successful team should be made up of nine different
behaviours. An unbalanced team can cause issues within as they won’t have an understanding
between themselves and consists of members with identical strengths and/or weaknesses. A
balanced team does not contain members with matching strengths and weaknesses. This helps
members have a better understanding of the team and effective communication is achieved.
Members can work on their strengths and weaknesses by understanding their role in a team using
the Belbin’'s model. (Belbin's Team Roles, n.d.)

These were my results after concluding the Belbin’s Model test:

TEAM ROLES VALUE GRADE
Implementer 9 Average (33-66%)
Coordinator 6 Low (0-33%)
Specialist 10 Average (33-66%)
Plant 10 High (66-85%)
Resource investigator 9 Average (33-66%)
Monitor evaluator 6 Average (33-66%)
Team worker 9 Average (33-66%)
Completer finisher 11 Very high (85-100%)
Shaper 10 Average (33-66%)




Thought oriented roles

¢ Plant - high (66-85%)
¢ Monitor evaluator —average (33-66%)
e Specialist - average (33-66%)

Action oriented roles

o Shaper - average (33-66%)
+ Implementer - average (33-66%)
¢ Completer-finisher — very high (85-100%)

People oriented roles

e (Coordinator — low (0-33%)
* Team worker - average (33-66%)
¢ Resource investigator - average (33-66%)

According to my results under action focussed team roles, | scored very high in Completer-Finisher.
My strengths are identifying flaws and erasing and, perfecting. My weaknesses are being reluctant to
communicate with fellow team members and overthinking. This can cause miscommunication with
the team and myself which will be detrimental to the success of our project. Overthinking can cause
unnecessary mistakes while designing the uprights and can cause the upright to fail. | will have to
concentrate on working on my weaknesses to be a better designer and team player.

| have received the lowest score in Coordinator which is under People oriented roles. This shows
that | will have to improve my confidence, listening skills, clarify goals and act more mature with my
team. Low confidence will affect my presentation skills as | would become nervous and be unable to
explain the presentation clearly. Poor listening skills can cause me to lose track of what is going on

within my team.




Group Tasks

TASKS DURATION | PLANNED START | PLANNED
DATE COMPLETION DATE

1. Weigh the 80 hours 15.10.2018 26.10.2018
components

2. Measure the 40 hours 22.10.2018 26.10.2018
components

3. Listing the required | 120 hours | 01.10.2018 19.10.2018
masses

4, Weigh the entire 80 hours 29.10.2018 02.11.2018
vehicle

5. Weigh the unsprung | 80 hours 22.10.2018 26.10.2018
masses

6 Weigh the roll cage | 16 hours 22.10.2018 22.10.2018

TOTAL HOURS - 41

6

Personal Tasks

The table shown below contains my personal tasks in detail, the duration for the particular task,
planned start date and the planned completion date.

TASKS

DURATION

PLANNED START
DATE

PLANNED
COMPLETION
DATE

th

i 8 Remove the stock
uprights from the
vehicle and weigh

baseline to start
with

em to achieve a

2 hours

26.10.2018

26.10.2018

th

2. Take
measurements of

such as the length,
height, thickness
and mounting
points and record
data.

e stock uprights

1 hours

30.10.2018

30.10.2018

of

SO

te

re

3. Evaluate the design
uprights on

performing stress
analysis and by

simulator and

the stock

lidworks by

sting on a

cord data.

20 hours

31.10.2018

05.11.2018

4, Br

Identify ways to

ainstorm.

30 hours

06.11.2018

14,11.2018




improve the
design.

5. Design the
improvements on
solidworks.

20 hours

15.11.2018

21.11.2018

6. Evaluate
improvements on
solidworks by using
stress analysis and
record data.

20 hours

22.11.2018

27.11.2018

7. Refine the design
on solidworks

30 hours

28.11.2018

05.12.2018

8. Evaluate
improvements
again after refining
the design and
record and
compare data

30 hours

06.12.2018

14.12.2019

9. Investigate
manufacturing
limitations like
cost, material and
manufacturing
standards

40 hours

17.12.2018

26.12.2018

10. Implement
improvements by
testing the new
uprights on a
simulator

30 hours

27.12.2018

03.01.2019

11, Evaluate
improvements by
comparing
simulator data of
the stock uprights
and the redesigned
uprights

40 hours

07.01.2019

16.01.2019

12. Manufacture
component using
Aluminium 7075-
T651 billet block
and CNC machine

70 hours

17.01.2019

05.02.2019

13. Evaluate
component by
installing the
redesigned
uprights on the car
and testing in real
world scenarios.

40 hours

06.02.2019

15.02.2019

TOTAL HOURS - 373




Bill of Materials:
The table below contains the material and quantity required to manufacture the uprights:

ITEM QUANTITY RATE COST
Aluminium 7075-T651 4 80 pounds 320 pounds
billet block

300mmx300mmx300mm

(Aluminium Block Billet 6"x4" 2618 High Grade Aerospace 7.5kg, n.d.)

Specialist Equipment:

These are the equipment that are required to manufacture the uprights:

L

L

CNC Machine — to manufacture the uprights out of Aluminium Billet block.

Weighing Scales — to compare the weight difference between the stock and re-designed
upright.

Vernier Caliper —to measure length, thickness and height.

Hand Tools —to use it for dismantling and fixing the uprights.

Simulator — to use it for simulating and comparing data between the stock and redesigned
uprights.

Car Jack — to lift the car up to remove and install uprights.

Software Required:
The software listed below are for designing and evaluating data:

L]

Solidworks 2018 by Dassault Systems — to use it for redesigning and stress analysis. This is
done by exerting different forces on the uprights.

Simulation software —to be able to test the uprights on the car in the simulator. This will
help us compare the data between the stock vehicle and the improved version.




Milestones and Gateways

Significant milestones for entire project:

¢ Procurement of the car —this will mark the start of the project and we will be able to
understand the car, analyse the components and record baseline data.

¢ Simulation — simulating the stock vehicle and the improved vehicle to record various
parameters and data to compare and check if there are areas that can be improved

* 1 measurable improvement — this will give a certain sense of satisfaction and encourage
the team to put in more effort into the project.

¢ Viva —group presentation

e  Final report — this report will contain the data obtained from our analysis and simulation
tests and will show a comparison between both the vehicles

Gateway Objectives:

Completing gateway objectives aids in completing milestones. The gateway objective is to redesign
the uprights to reduce weight without compromising on strength or rigidity. By using the software
solidworks, it is possible to redesign the uprights accordingly and perform a stress test on the design.
Different stress/load tests will be conducted for varying situations while driving like:

e Acceleration/yaw movement

*  Braking/pitch movement
* Cornering/roll movement

¢ Vertical Bump

The material that will be used is Aluminium alloy 7075-T651 as its not too eve, can handle high
amounts of stress from track use and will be much lighter than the stock uprights. By reducing
unsprung mass, the inertia reduces and the vehicle’s handling dynamics improves as there is less
weight to move around and to stop. Since the vehicle will be used on track, the uprights should be
able to handle the various forces without breaking down and should be easy to maintain.

Identify two areas of concern

The vehicle is meant to be used on a public road and on a track. The uprights should meet the
manufacturing design specification to be used on the public road. It should be able to withstand high
amounts of vertical bumps which is found on public roads. It should also meet the FIA standards to
be used on a track. The uprights should be easily accessible, have a high rigidity to weight ratio,
reliable and have the ability to quickly adjust the camber.

If the vehicle is being exported to other countries for sale, the uprights should meet the standards of
every country so the design should be multi-compliant for approval. This can be pretty tedious as
there are a lot of design factors to consider for large scale manufacturing. The uprights should be
lightweight and meet manufacturing and FIA standards and regulations.

10




Gantt chart

Group Gantt chart

[H1 2813 [Hz2019
Sep'18 | Oct'18 |Mov 1§ Dec1s [Jen 12 Feb19 Mar*19 |Apr*19 | May 19 Jun ™13 | Jul 1S | Aug ‘19| Sep 19

1 130 days 011072018 01042019 2080 hrs | 4 b
7 | 15tvwa 0 days oizzie | eanzzone & ohes @®

3 Final Viva 0 days 01042018 | D1/0472018 Al Dhrs ®
4 Repart 0 days 032018 | 20M2018 incheidual | Ohrs ®
& Waakly Mestng 130 ¢an ozoe 20W200 Al 1040 hes L 3
| Bnslyzs Vehicls 62 days 01102018 25122018 A 1534 hrs pr—

19 Simulaton 131 days? 01102018 010472019 Leo 2336 hrs F

EH Beakes 126days? | OU102018 | 25032019 Gue 1384 hes P |
a4 Weights 126 days™ 011072018 250W2019 Harmry 2296 hrs r .
0 ‘Wishbones 106 days™ 200102018 S0 Sam AI7E hrs F .
3 Uprights A5 days? 01102018 0Mrame Suryia 636 his pr——

9% Suspension 40 days? 011012018 2u11I2018 Oly;Zhou | 1928 hrs pr—

12 Stesring 45 days? 1102018 | 301208 Oly:Zhou | 1084 hre pr—

126 Whesl 25 days. 01102018 LEIT1ENE Sun 200 hrs pr—

13z Evaluation 11 days 1120 | 2018 Sun 178 hrs )

Individual Gantt Chart

TAS| START FINISH DATES
2-26 - = - 19-23 Mou'zsaumw 24-28 Dec |3 Decflan|7-11 Jan 21-25 Jan |28-1 Jan/Feb[4-8 Feb 11-15 Feb
the stock uprights 1o get basekne | 26.10,2018 |26.10.2018

Take measurements of the stock uprights|30.10.2018 |30.10.2018
Evaluate the design of the stock uprights |31.10.2018 |05.11.2018
[Brainstorm —  [06.11.2018 [1a.11.2018
15.11.2018 |21.11.2018
22.11,2018 |27.11.2018

|26.11.2018 |05.12.2018

My personal Gantt chart is shown above and contains the tasks, dates, my gateway objective
highlighted in blue and my milestone highlighted in orange.
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Management Assignment - Suriya Krishna 1803204

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

Instructor

Please see the feedback comments in the text and
the sections in the Rubric.

If you have any questions or require clarification on
the feedback please contact me, | will be happy to go

/ 1 O O over your submission with you.

PAGE 1

PAGE 2

@ Comment1

Please use report style numbering.

PAGE 3

@ Comment2

It would be good to introduce some objective criteria.

PAGE 4

PAGE 5

PAGE 6

@ Comment3
Some interesting observations and comments.
It would be clearer if you had created a table of your scores compared to the average scores
and then another line of the ‘best fit, for your roles and responsibilities. You could then perform a
quick gap analysis.

PAGE 7

PAGE 8

@ Comment4

Suriya. That is a lot of hours? Have you overestimated? will you be able to complete the tasks



as require?

PAGE 9

@ Comment5

General workshop equipment is not specialist enough for this list, it can be assumed to be
available.

PAGE 10

o Comment 6

You were meant to select one gateway from your section of the project. The gateway should
include SMART objective values. Some detail was expected as this is worth 20% of the overall
marks. This is a general comment, not specifcly your responsibility. You should have selected
something about forces on the upright or similar.

@ Comment7

Please reference a value or comparison to other similar materials.

@ Comments
What are the FIA standards for an upright?

PAGE 11

PAGE 12

@ Comment?9

You would have benefitted if you had read about engineering project management, especially
sections on product design and development.



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
(0) 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
0) 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

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

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

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

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

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

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

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

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

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

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

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



UNSATISFACTORY
30-39%
©0)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
©0)

Rudimentary application of taught, basic methods, materials, tools and/or techniques
but without consideration and competence. Flawed appreciation of the context of the
application. Weak evidence of different approaches to problem-solving in particular
contexts.

An adequate awareness and mostly appropriate application of basic methods,
materials, tools and/or techniques. Basic appreciation of the context of the
application. Can identify problems in particular contexts and propose basic alternative
approaches or solutions though there may be errors.

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

©)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

0)

SKILLS PROF P

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.

An advanced application of a range of taught, basic methods, materials, tools and/or
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 levels of application and deployment skills in particular practical contexts.
Outstanding identification of problems in particular contexts and formulation of
wholly appropriate, thoughtful solutions / different approaches.

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%
©)

UNSATISFACTORY
30-39%
©0)

SATISFACTORY 40-
49%
©)

Work is poorly structured, disorganised, inaccurate and/or confusingly expressed.
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.

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

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