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1.0 Introduction:

This project is to compare the Chinese car market to the UK car market and take action to produce
the suspension upright with higher volume and a cheaper price in China. Different country and car
manufacturer has its own strategy to produce the car component or even vehicle. For some of the
manufacturing quality is the main thing and for the others quantity but it can be more interesting to
find out how to quantity can be reduced while the quality is the same or even better. The main strategy
of this project is to reduce the quantity with different manufacturing technique and design with
controlling the quality and lighter component. In this project suspension upright will be redesign to
take the model to the stage to use the lower amount of material. The material will considered for the
stiffness and weight result as it can changed with different material and at the end manufacturing
technique will be analysed. To take the suspension upright to the Chinese market with produce the
higher volume manufacturing technique need to consider as the models can have different cost and
volume of products with different manufacturing technique. Different manufacturing technique cost
per model and unit can be produced per day will be a list at the end of this result. A student with using
the different software and research collects all the information about this project. This report will be
submit in Moodle and handed as two hard copies to the supervisors. At the beginning of this report,
Chinese and British car manufacturing and the market will be introduced and compare the production
volumes, therefore, the possibilities of producing the suspension upright with volume will be
considered in the Chinese market.

2.0 The UK car manufactory:

The UK has the biggest number of car manufacturers in the world, as the most famous car
manufactures called Aston Martin, Lotus and McLaren. From the past until now, some of the UK car
companies has carried and provide the new and higher technology as part as motorsport notably light
weighting and higher efficient power train and safety. Therefore, this element and high technologies
have carried out the higher price of manufacturing and the final price of the cars and parts and the
volume of them gets low and lower.

Based on 2017 SMMT on 2016 special car manufactories had around 3.6 billion pounds’ specialist
turnover, around 11.000 has been employed and 2000 cars have been made which is more than half
that has been expecting in the world and will be expected to grow to 50.000 units by 2020.

UK special car manufactories are in the global marketplace and exporting the product around the
world markets such as EU, US, Japan, MIDDLE EST and China.

Small volume manufacturers are increasing the products by 21% in 2017 compared to 2016. Some
Absolut element has incrusted as expected in lower volumes but some elements are decrees like fuel
because of the higher number of the power train in the new cars. (SUSTAINBILITY, 2017)

Social of motor manufacturers and traders limited (SMMT) car manufactories result:

e Had a combined annual turnover of almost 2.5 million pounds

e Employed around 10.000 stuff and specialist

e Made 25.000 vehicles a year

e Export over 70% of the product

e Bentley and Rolls-Royce motor cars have been exported over85%
e Over65%of the car specialist been scored in the Uk

(SMMT, 2017)



3.0 Famous British car brands and volume:

Famous British car brands are low volume, as the companies increase the quality and safety factors
volume will decree and the price will be increased, so the base of these manufactories is to produce
the unique and luxury product with low volume.

Aston Martine is one of the famous British car brands that has been built from mid-90th and hand it
over the market and countries called (US, Kuwait, Italy and ford) and also MG which is at this time
(SAIC, China) manufacturing this brand (borro, 2014)

(Clarkson, 2018)

Figurel: Aston Martin Vantage.

3.1 Arash:

Figure2: arash automotive.

AF10 and AF8 are the best example of the lowest volume car in the UK with prices of £320 K and
£168K excluding the options as originally establishing by Arash Farboud in 1999 and called Farboud
limited. From 2006 the name has been changed to Arash Farboud and first car this company has
been producing it was Farboud GT at 2002. After Arash made AF10 he think to take the product to
the higher volume so he designs the AF8 as less complex chassis and bodywork as (carbon fibre-
honey corn and again Carbone fibre) with a smaller engine so reduce the price to take the AF8 to the
higher volume in max 3 cars a year. (Arash, 2018)



3.2 Cars volume in the UK has been produce from 2011 to 2017 at the
end of each year.

1.8

1,671,166

Dec Dec Dec Dec Dec Dec Dec
2011 2012 2013 2014 2015 2016 2017

(Hawes, 2018)

Figure3: The UK car volume.



4.0 Chinese car manufactory:

To making the product and take them to the international market China has the biggest number in the
world after the US. China made itself a bigger and stronger with a lower price of product, China by
1990 produced 3% of product at the global market but at this time 80% of the air-conditioner and
heating system, 70% of mobile phone and 60% of the shoes in the world and also 50% of the cars and
car parts in Asia. China has been followed the success of the countries such as Japan for electronic
technology and quality and South Korea or Taiwan to increase the number of products and sale.
(Bacon, 2015) how to improving the product, how to take a reaction if the first design has been failed
and how and what is the best way to introduced to the international market and where to take it is
the biggest questions between Chinese markets and manufacturing as they trying to improve the
operation so that they can get maximum efficiencies that mean design, carefully and steeply choosing
the proses it based on what kind of job need to be done to get the best result, again all about to have
bigger efficiencies. (shih, 2018)

To looking for low cost and higher volume China is one of the best countries as many manufactories
producing the product. To take the products to the higher volume the biggest issue will be quality as
the lower cost and higher volume quality will be lower, but to sort quality problems any type of
product need to have quality check and quality series to confirm that the product is ready to sale or
export, quality services need to be include:

-Supply Chinese manufacturing management

-take the risk to zero or (risk-free)

-be second management of the factory as the quality check team
-logistics coordination

-sound product design

-laboratory testing and certificate

- Access to the product line that the company making

- Access to the raw material for the quality check

-final check for the entire product and certificated (c2wgroup, 2018)

One of the biggest examples of the car manufacturers take action to the chines market to improve the
sale and volume is BMW. Company in China called BMW AG. to start BMW became a partner with a
company called BRILLIANCE automotive group in China as they plan to increase the volume in 2019 to
520.000 cars, BMW joined the valentines with Brilliance to improve the all car models including 1, 3
and 5 series and also x1 sport and x3 SUV to better plane as electric version. The electric version of
the cars is the biggest plan of the cars companies from 2025 to 2030, to save the world. Biggest and
one of the best country in the world is China as they are a world leader in electric cars planned by
2030 to increase to over 10 million cars. Large numbers of car manufactories making the relationship
with Chinese electric engine or electric car companies to take higher advantage of having an electric
engine on their cars. (Tian, 2018)



5.0 Chinese high volume car producer:

One of the larger numbers of biasness in China is car manufacturing and companies related to, as the
president of China XI JINGPING open the foreign manufacturers to have a chance and opportunely to
improve their product and take it to the larger volume of manufacturing and sale in the Chinese
market. (tovey, 2018)

The Chinese market has been growing and improving their product from long years ago but the market
has a successful from 2008 with 2.76 million car sale a year until 2017 with 24.72 million cars sell so
Chinese car markets had a successful and fastest growing state around the world. (Greenfield, 2018)

Four main facts of Chinese car markets are:

Innovation (technology / biases model / power)

Green cars (new energy / saving power / green biases / promotion)
Globalization (increase Chinese product and supply the world market)

Collaboration (save market and cheapest product)
(Martin Tauber, 2017)

Over 30 car manufactories are producing the high quality and cheap product to the Chinese and
international market in 2018.china has the biggest car market in the world, Wuling Hongguang is the
mixture car brand of general motor and Shanghai automotive industry corporation and Liuzhou
Wuling motors. This Chinese brand has most sell in China and popular in the international market in
2016 with the number of 650,018 vehicles and the price of £4700 to £7750 it depends on option per
car been sold.

(Haj-Assaad, 2018)
Figure4: Wuling 7 seater.

Best Chinese car brand sale in 2017 was CHANGAN Company with a number of 1.055.096 car sale in
all models.

China until 2008 was the biggest bicycle and bike country as for example the numbers of the car in
Beijing was one car of the 10 bike but after 2008 until 2017. car companies’ growth really fast as the
car manufactories produce road cars such as luxury, sedan, SUV, van and sport road cars then China
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has entered US market and take place there to export and import some product. In 2017 chines, cars
took over 60% of the local place and most of the other percentages were German, Japanese and
American cars. (brands, 2017)

6.0 List of the most popular Chinese car companies and brands:

6.1 GEELY: GEELY means lucky in mandarin is present from 1986 in Hangzhou, GEELY produce a
large number of the car, motorcycle, transmission and different engines as they start manufacturing
bikes in 1994, they producing the safest and higher quality version of models in China, as following:
MK, CK, GC7, GC5, GX2, GC2 and MK cross with 1.24 million unit sale in 2017 and break the record
with increase of sale compared to the following years as 63%. (ORG, 2018) In May 2017 GEELY, start
to take 51% of the lotus and become the owner to increase the number of cars and sale to the Asia
and African car market.

6.2 CHERY: cHERyYis present from 1997 in Wuhan, China and top 5 successful and so far the best
car manufacturer in China. This company has grown and increased the number of sales in China and
international market fast as at last 9 years they hit a number of sale in China and export to more than
80 countries such as Eastern Europe, Africa, Asia and the Middle East. Chery produces van, SUV, and
sedan as a luxury model such as x1, A18, QQEV and over 15 different models. Number of sales in 2017
was 680,000 model and numbers of sale been decreased by 3.5% compared to the following years.
(Tony, 2018)

6.3 HONGQJ: company present from 1958 in Changchun, China. HONHQI producing super luxury
and comfortable Chinese cars that call them in China high class. Most success year of the sale of this
company was 1981. Now they are going to start to release the self-driven car and will produced soon
as the traffic test has done. HONGQI produce the model call HQ3 seems to be reminding of Bentley
with high-class design, they sold 2.534 cars in 2013, and they said will showing the big surprise soon.
(Xinhua, 2017)

6.4 BRILLIANCE AUTO: the company is the relationship of China with America in the parts
and present from 1991 Shenyang, China. The company was producing the bus production in the past
but at this moment they producing the sedan and small cars to Chinese and international market as
the models of H320, M1 and FRV and the manufacturing line of bus and mini-van has stopped and
sold to the company called JINBAI Marque. The company sold 101.317 units in 2017 with a number of
sale increase 0.42%. (He, 2018)

6.5 BYD AUTO: not old but successful as the company been present from 2003 and produce the
cars with multiple models as compact, hatchback, MPV and SUV. Company had following up-to-date
technology from first day as producing the car with closest international market until now. They are
on top of the list of the big sale in china and global market present at all the countries with electric
cars and engine product, and sold 108.612 in 2017, as they have been slow at the beginning of the
year and top of the electric car sale in china and third level in the world. (KANE, 2018)

6.6 SAIC MOTOR: present from 1955 one of the oldest car manufactory in China in Shanghai,

China. Company was in the same level as MG and they produce the must professional sport road cars
and luxury vehicles in China and joint ventures with GM, VW and VOLVO. Very big unit sale in 2017
with a number of 5,478,566 and very successful in the international market. (motor, 2018)



6.7 DOMGFENG: this company in on the list of four biggest companies in China and present
from 1969 in Wuhan, China. A company is famous as producing the consumer and marketable vehicles
in China such as Lorries, buses, joint the ventures all around China, and has manufacturing in the UK,
Philippian and Vietnam. Passenger cars became series to increase the production and lines in the last
8 years and had a 4,120,000-unit sale in 2017 with 12% increased. (Aurora, Dongfeng Motor sees
4,120,000 sales in 2017, 2018)

6.8 FAW GROUP CORPORATION: first Chinese state-owned manufacturer and specialises

in a part of the cars present from 1953. Buses and heavy-duty trucks are been made from the past
until present and export. The main part of the company is in Changchun with over 2 million sales in
2017 and been made in 36 different cities in China soon to increase the numbers of cars and product.
(Mary, 2018)

6.9 BAIC GROUP: a state-owned company in Beijing, China presents from 1958 and produce

commercial and passenger cars. This company has a big and long history in the past until became top
ten and strong car manufactory in China and finally hit the numbers of the sale as its own of 2.25
million vehicles in 2014 and in 2017 company listed as a 4th largest company in China. (Heyi, 2017)

6.10 GAC MOTOR: another state-owned automaker car company in Guangzhou present from

1997 is GAC motor. Company sales, passenger cars and commercial vehicles called Gonow. The
company introducing the most reliable and fuel-efficient SUV's in China with 508,600 unit sale in 2017
so the most efficient model was a jeep model with 200,000 unit seal of the total which is 508,600 cars.
(Amanda, 2018)

6.11 JAC MOTOR: the main name of the company is Anhui Jianghuai automobile corporation

and also famous for SUV's and trucks as in 2012 company produce more than 445,000 vehicles and
from that time they have been listed on top 10 manufactory in China and increased to 510,400 unit
sale in 2017. (Aurora, JAC Motors 2017 net profit slumped YoY 62.83% to RMB 432 million, 2018)

6.12 FOTON MOTORS: popular manufactory in china as they producing buses, trucks and

sport utility vehicles and present from 1996 in Beijing, China. The 2011 was the golden year for this
group as they sold 640,000 vehicles and made them one of the most popular companies in china.

6.13 WULING: Wuling been found in Hong Kong around 2007 as a multiple car company. They
are support by GM and SAIC motors. Wuling is specials in small MPV's with a record of 650.018 sales
in 2017 and also top 1 of the best sale in China with a model of Hongguang.
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Vehicles volume has been produce in china from 2008 until 2018:

35 000
30 000
25 000
20 000

15 000

Wehic k production in 1,000 units

10 000 = Paszenger cars 24 8067

= Commercial vehicles 4 2087

5 000

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 20135*

@ Passzenger cars @ Commercial vehicles

(Stipp, 2018)
Figure5: Chinese car manufacturing production volume.

Main strategy of Chinese car manufactory is to produce the product with high quantity and standard
quality while lowest cost as possible to take it to the local and international market therefore, this is
the main reason that Chinese car manufactories are mostly high quantity.
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7.0 Take the low volume to high volume and corporation between the

UK and china:

At the end of the year in 2017 1.67 million cars has been made in the UK and British engine had a 6.9%
increase compared to 2016 with a number of 2.72 million units in 2017. Around 24.8 million passenger
cars and 4.2 million commercial vehicles been made in China in 2017 so totally 29 million vehicles have
been made in 1 year in China, which is around 17 times more than UK. Numbers cannot explain the
quality and price but if the quality need to compare numbers of similar quality of the Chinese cars are
2 times more than the British cars with around half price. for example number of all models of lotus
has been made in the UK at 2017 was 783 vehicle which is more than 90 cars less than 2016 and
around 0.01 per cent has been share to the international market. Lotus models named Elise, EXING
and EVORA and the prices are from 30 to 60 thousand pounds it be contingent of models. Car
companies are growing fast in China and producing new technology with all the models and the lowest
price. In the international market at end of 2017 company called ARCFOX in Beijing produce the new
small sports car with two motors of petrol and electric in China with the maximum price of 20
thousand pounds and it is a most similar model of Lotus cars. (sun, 2017) As time is change, cars are
not only for transport. actually most of the young people looking at hobbies and sport, one of the new
sports cars it is on the way to produce are Zen track, Zen track can be a race car or two-seater road
car and the still of the car can be concept and cooper. As it has proven, Chinese car manufacturing
strategy will based on cheap and high volume, therefore, the main plane is to take the Zen track to
the Chinese market with lower price as the UK and quantity of 50.000 cars a year.

8.0 First term Project tasks and Gantt chart:

Task Start Date End Date Time duration
First meeting 11/10/2018 12/10/2018 1
Second meeting and choose the toping 15/10/2018 16/10/2018 1
Project start and research 22/10/2018 29/10/2018 7
Step by step of research 29/10/2018 09/12/2018 41
Understanding the project and measurement 05/11/2018 08/11/2018 3
Measure and static test 10/11/2018 11/11/2018 1
Design the upright 18/11/2018 20/11/2018 2
Find the original material of upright 19/11/2018 08/12/2018 19
FEA on upright 04/12/2018 10/12/2018 6
Design the packaging space 04/12/2018 10/12/2018 6
Interim viva 15/10/2018 10/12/2018 56
11/10/2018 23/10/2018 04/11/2018 16/11/2018 28/11/2018 10/12/2018
first meeting I
second meeting and choose the toping I

project start and research

step by step of research

understanding the project and measurement
measure and static test

design the upright

find the original material of upright

FEA on upright

design the packeaging space

interim viva
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Project has been plane for the first semester and systematically has been follow to the last step but it
end up with some issues. Time for each task been expected has slightly change as understanding the
packaging space and packaging space design took longer to be done and student had to take it over
the second semester to be done and physical test and FEA on the original model has been repeat in
the second d semester.

9.0 Methodology and design:

Numbers of possible way is available to redesign the suspension upright to make it lighter therefore
cheaper. One of the ways is to take the original to the solid works software and make the FE model of
the original design. When the results are shown part of the model that has extra material usage can
be cut off and again repeat and repeat the test until it gets to the last stage and having the lighter and
also stiffer component compared to the original component. This method does not give the accurate
result as in most of the case's designer needs to spend more time as the other method and not having
the ideal result and of course, time is money so more time will cost more. The second method is to
design the new component from the beginning while calculating the forces and it can be possible with
topology optimization. In this method, the designer can have the structure and basic shape of the
model because of the topology optimisation result, take the result to solid works, and design the new
model so less time will be spend on the design and accurate result in most of the cases. Meaning of
the accuracy in the second design process is that design studio software will calculate the forces where
they will be applied on the model and shows that which part of the model need X amount of material,
therefore, the designer will be aware of design the component correctly. There are two things is
important in the second design process, first is software need to learn to use and run and the second
thing is the cost of software. In this project, the second design process will be consider.

9.1 Manufacturing process:
1. Suspension upright design.
2. Material.
3. Manufacturing technique.

10.0 Methodology and design process:

The first action of having the cheaper component is to take the suspension upright to the lighter
model. The method using for this action is to use the topology optimization to find out how much
material and at which part of the model needed to design the new component with lower material
usage. To use this method a few stages, need to be finish and measure so will be list from the beginning
until the end:

1. Physical test of the suspension upright to measure the displacement.

2. Take the original cad model and make the FE model of the upright.

3. Create a packaging space for the new design and topology optimization.

4. Set the packaging space in the design studio soft wear and create the Non — designable part.
5. Run optimize the model in design studio soft wear.

6. Take the final model into the CAD to design the new suspension upright.

7. Repeat the FEA for the new design.
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8. Consider the manufacturing techniques and materials to find out the costs of the new model and
compared to the old model.

All the steps will be explaining, why and how it needs to be.

11.0 Physical test:

The material of the original suspension upright model has not been clear to make the FE model
therefore, the first choice was to find the displacement of the original model by doing 21 physical
tests at the 7-attachment point then take the result to FEA and repeat the test with different
materials on FEA and then compare the result. The must closest results will show the material of the
component and the FEA result need to save for the final stages to compare with FEA result of the
newly designed component.

Materials and tools needed for the test will be:

1. DTl to measure the displacement.

2. 10 N force as a weight.

3. Clamp to set the model and rigid to the solid place or solid table.
4. Rigid to set the model on and clamped to the solid table.

5. Metal hanger.

6. Roller or Vernier.

7. Scales to measure the weight.

In this stage, the model has tested and reputed 21 times for the X, Y and Z direction at 7 points. Each
time the place been clamped, fore has been applied and the place that DTI has been set up has been
taking the pictures to set the FE model the same. For this test, 100 N equals 10200 grams’ force
been applied at each point, measure the DTI result, and save them for the next steps and
compression. Rigid or model stand made by a workshop supervisor and set up for the test by the
student.
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(paul, 2018)
Figure 6: rigid for the test.

(X, Y and Z) test at each point will be posted as figures with the FEA results at the end of the design
process and also data will be listed at the end of the design process as stiffness result for
compression:

12.0 Original suspension upright FE model:

Finite element analysis is the test that can solve any engineering problems. This method of test in
engineering call FEA and mostly been used by the soft wear called solid works. FEA test is taking the
result, as three part to analyse as they called analytical method, which is the results, are 100 %
accurate, results been closed from solution and result are completed itself. The second part is a
numerical method, which finds the problems and takes them to the real-life problem and solve them
and results are solving by mathematical solutions. The third part is an excremental method, which is
measurement, can to be actual to get the actual result and the time needed to run and cost of the soft
wear. FEA can solve the problem, test the component before manufacturing, therefore, save time and
money but soft wear cannot use unless learn, and train how to use it can be the only disadvantage of
FEA. (Gokhale, 2008)

FE model has been creating for the original model at 7 points and (X, Y and Z) at each point. Model
has been set up and loaded exactly same as physical test to get the result and use the result as it
mentioned earlier for two facts, first is to find the right material of the original suspension upright and
second is to save the results and compare them to the final design FE model. To run the model in FEA
first, material need to be chose and next step is to set the model and fixed the same as the physical
test, next step is to apply the load which, is 100 N exactly same place as physical test has been done
and mash the model to make it ready for the run. Mash can be done at small and large element so
smaller element can give a more accurate result as large mash and also at smaller mash time will be
spend compared to the large mash. Model is ready to run now and displacement result will collect to
calculate and find the stiffness result at each point. Stiffness result and FEA figures are will forward at
the end of the design process to compare with final model results

13.0 Packaging space:

To run the topology optimization available space for the new design and attachment points are need
to be design. Available space in this case called packaging space and need to be create in CAD.

At this part of design process, assembly of the zen-track suspension has been setup on solid works
soft wear and create the tube as dimensions of inner alloy wheel then subtracted all the part apart
from upright from the tube and create the packaging space. Mash the packaging space model and
chose the material will done in following step. Which is aluminium alloy 6061 for it and save it as a
Nastran file to run it in the design studio (Genesis) soft wear.
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Figure 7: packaging space model.

14.0 Topology optimization by design studio:

Topology optimization is the method that calculates the loads are applying on the model and will result
that how much mass of the structure need to be for the model and where the element and material
need to be to create and design the model. The main reason for doing this method is downsizing and
find the shape and structure of the model while the force is applying on the model. Structure of the
model is the result of the topology optimization therefore; it needs to transfer to the design soft wear
to design the model with the lowest material as needed for the component. Eiffel tower is one of the
famous structures has been created and made by this method. There is two big disadvantage of doing
this process is the final structure and result are too complex to be as a model to manufacture and the
second one is that soft wear need to be trained and fully learn to use. (Sigmund, 2003-2004)

The first stage of running this soft wear for the new model is packaging space has been inserted to the
design studio soft wear, by using the packaging spaces non-design model has been creating as green
colour as it will show in the figure number 8.

Figure 8: designable and non — designable region.

The next step is that bearing need to be set as a fixed place then apply the loads on all 7-attachment
points in three directions. Next step is to take the design to the first order and set the optimization
mass to the different percentages to get to the structure of the suspension upright. In this case, mass
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has been set up on 30 % material and then reduce to 20 %, 13% and finally 9% to get to the stage that
the minimum mass of material needed to build the new model. The following figure is showing the
structure of the model, where the material needs to be in 30 % mass. As it shows in figure nine, the

mass percentage of material used to build the model more than what will expected to test needs to
redo with a lower percentage.

—®— Objective
—*— Max Constraint \Violation (%)

Walue

Desian Cycle

Figure 9: 30percentage mass of material.

Following figure in showing that 13% material mass has been used to create the structure but result
is showing that model has been used large amount of material even more material as it is on the
original model of suspension upright therefore test need to be repeat with lower percentage.
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Figure 10: 13percentage material mass.

The Test at this step by using 9% of material from 30% mass has done to get the structure of the
model. The structure has been resulted for the model used 9 % of the mass and will use as a structure
to design and create the new suspension upright and will show in figure number 11. The red colour is
proving of the structure for the new model and will insert into the solid work soft wear to design the
new suspension upright.
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Figure 11: 9 percentage material, final structure model.

15.0 Design the upright on CAD (solid works):

The structure been inserted into the solid works; therefore, attachment parts need to be inserted in
to continue the design. At this step from the original suspension upright model, attachment points
been cut and insert into the structure design file and it is proving in the following figure. As it, shows
in the following figure student followed how much and where exactly materials need to be place for
the model and designed the new suspension upright.

Figure 12: structure of the model included the attachment points.
Figurel3: suspension upright design.

The first thing in the design is that student try to design and put the material exactly what it has been
shown in the result of topology optimization. Biggest disadvantage of the designed model is that the
model will have a high cost to manufacture the model and the main idea is to reduce the cost to have
a cheaper model. Therefore, design needs to have some change to be easier and cheaper to
manufacture. The second design been done to solve the manufacturing problem and it shows in figure
14.
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Figure 14: final suspension upright design.

In this design, the student tried to measure the parts and thickness and then instead of having a big
gap in the middle of the new design set the model as a solid part with lower thickness but bigger
surface to have ideal result, easy and cheap manufacturing process.

16.0 Final FE model of the final design, original design and test:

To make sure that newly designed suspension upright has a good or closest result as the original model
while reducing the weight, FEA needs to do for the new designed upright with the same principle as
the old model (fixture, load, mash and place of data reading). following tables and pictures are proving
that stiffness is at some point lower and in some points are higher but the main thing is even if they
are lower the changes are not the big numbers so this design can take future for the final test. Stiffness
results has been calculate and shows in the tables in the next following steps but original FEA tests are
inserted in next steps as the prove document.

Original Fe model vs new FE model: Displacement at X, Y and Z. Lower wishbone.

URES [mm)
URES (mm)
1,103e-02
4314203

1.011e-02
3.854e-03

. 3.595e-03 L 8.182e-03
. 3.235e-03 . B.273e-03

. 2.876e-03 - 1.354e-03

- B434e-03 |

5.515e-03
4.596e-03

- 3.677e-03

. 2.5168-03

2.157e-03
1.797e-03
. 1.435e-03

. 1.07g8e-03 . 2.758e-03
7.190e-04 1.835e-03
3.595e-04

b 2192604
1.000e-30
1.0008-30

X:0.013mm 0.013 mm 0.07mm
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URES [mm)

URES {mm)
1. d8Te-02 4.163e-02
1.363-02 3.816e-02

L 1.23%e02 3.469e-02
_ 1.115e-02 3.122e-02
- 9.914e-03 2.775e-02
| B.675¢-03  ramem
7.436e-03 AR

6.196e-03
1,734e-02

4,857¢-03
1,368e-02

| 3.718e-03
1.041e-02

247503
6938203

1.23%-03
3.469e-03

1.000e-30

1.000e-30

Y:0.015mm 0.042mm 0.022mm

URES (mm)

URES (mm)
1.316e-02 EXTAED
1.207e-02 8.316¢-03
. 1087802 _ 7560603
. 9673:-03 _ 680403
_ 877603 | 6.04Be-03
_ 767903 | 5252603
6.5626-03 4.536e-03
5.485¢-03 3.7800-03
QLD 3.0242-03
| 3291603 | 2ome
219403
1.512e-03 S
1.0870-03 i
7.560e-04
1.0008-30
1.000¢-30

Z:0.0043mm 0.009mm 0.0042mm

Upper wishbone: X Y and Z from top to the bottom. Right side.

URES (mm) URES [mm)
5.496e-02 2.763e-01
5.036e-02 2.533e-01

| 4,580e-02 | 230201
_ 4122002 = GEERE
_ 366402 - R
1612201

| 3,206e-02
1.381e-01

2.748e-02
1.151e-01

2.290e-02
9.210e-02
183202 [ carece
_ 1.374e-02 P
R 2.302e-02
4,530-03 TR

1.000e-30

X: 0.055mm 0.0276mm 0.041mm
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UIRES (mm]
4.528e-03
4.150e-03
- 37F3e03
3.396e-03
- 301Ee-03
| 2.641e-03
2.264e-03
1.887e-03
1.50%e-03
| 1132003
7.546e-04
3773604

1.000e-30

Y: 0.0045mm

URES [mim)
1,058¢-02
9,701¢-03
851903

_ 7.937e-03
_ 7.055¢-03

6.173e-03

5.292e-03
4.410e-03
3.528e-03

2,646e-03
1.764e-03
5.51%-04

1,000e-30

Z:0.01lmm

Left side.

URES (mm)
5.501e-02
5,409-02
| 4391702
4425e-02
. 3.034e-02
- 3.442e-02
2,950e-02
2.45%-02
1.967e-02
_ 1475002
95342-03
481703

1.000e-30

X: 0.059mm

0.015mm

0.024mm

0.28mm
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URES (mm)

L 117e02

1.490e-02

1.366e-02

1.241e-02

. 9932803

_ 5.690e-03

744903

6.207e-03

4.966e-03

L 3T2de03

2.433e-03

1.241e-03

1.0008-30

URES (mm)

2.371e-02
2.174e-02
- 1.87ge-02
- 177802
- 1.581e02
_ 1.383e-02
1.188e-02
9558103
7.005e-03
_ 5.82%9e-03
3.852e-03
1.976e-03

1.0008-30

URES (mm)

2,752e-01

2.522e-01

2.293e-01

. 206de-01

. 183de-01

- 1.605e-01

1.376e-01

1.146e-01

9.172e-02

. 687902

4.586e-02

2,293e-02

1.000e-30

0.008mm

0.040mm




URES (mm) URES [mm)

3,063e-00 £,354e-02
GTIER 5.8250.02
- 5295802

| 255202
. 4766e-02

. 229702
_ 4.236e-02

. 204202
| 3707602

_ 178702
3177e-02
1.531e-02 I
1.276e-02 e
1.021e-02 _ 158502
| 75703 1,0596-02
5.105e-03 5.205-03
2.5526-03 222

1.0006-30

Y: 0.03mm 0.64mm
URES {mm] ——

T874e-08 {55
T.217e-08 1827-02
| B.561e-08 _ 1.580e.02
5005605 - 1.45de-02
. 5.2492.03 » TEEIREH
_ 1B2e-02

| 4503608
9.963e-03

3.937e-08
8.302e-03

3.281e-08
f.642e-03
2.6250-08 | BETines
- 1.963e-03 3.321e-03
1.3126-08 1.6606-03
F.561e-04 1.000e- 30

1.000e-30

Z: 0.008mm 0.02mm 0.008mm

Brake area by lower: larger point.

URES [mm) URES (mm]
6.928e-02 1,544e-01
£.357e-02 1.415e-01

_ 5.773e-02

_ 1.286e-01
5.196e-02

- 1.155e-01
- 461902
1.028e-01

4.041e-02
9.004e-02

3 46de-02
771802
2887e-02
6.431e-02
2,30%e-02

5.145e-02
_ 1.732e-02
1.155e-02 3.859e-02

5.773e-03 2.573e-02

1,000¢-30 1.2862-02

1.000e-30

X: 0.07mm 0.154mm 0.012mm
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URES (mm)

URES (mm)
2.311e-02 259902
l 211302 l 2.6582-02
| 1926002 2.416e-02
_1734e02 2.175e-02
_1541e02 1.933e-02
| 134802 _ 1.68te-02
1.156e-02 1.450e-02 |
9.631e-03 1.208e-02
- FI0%e-03 9.665e-03
_ 577803 7.2452-03 1
3.852e-03 4532e-03 |-
1.926e-03 21 Ee-03
1,000e-30 1.000e-30 |
Y:0.03mm 0.029mm
URES (mm) URES (mm)
1.227e-01 2.5459e-02
l 1.125e- 2.703e-02
- 1.023e-01 . 2457e-02
_ 920302 2212002
_ 8181e-02 _ 1.966e-02
- 7158e-02
| 1720002
£.136e-02
1.474e-02
5.113e-02
1.22%-02
| 40%0e-02
_ 93300-03
| 303602
| 7.372e-03
2.045e-02
4,9150-03
1.023e-02
2457203
1.000e-30
1.000e-30

Z:0.012mm 0.0294mm 0.063mm

Small point.

URES {mm) URES (mm)
3.4200-03 9.29%6-03
3135003 851903

| 2850603 | 7.7450.03
. 2565003 . 697003
| 2.2806-03 . 6196203
. 1.995e-08 | 5.4212.03
1.710-03 4647603
1.425e-03 387203
5 TS . 3.0%e03
b GEERE | 232303

5.700e-04
1,54%-03

2850004
7745004

1.000e-30

1.000e-30

X:0.0034mm 0.0092mm
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URES (mm) URES {mm)

1.596e-03 8.056e-03

1.463e-03 7.412e-03

1.330e-03 _ B.735e-03

1.197e-03 - 6.084e-03

_ 1.06de-03 _ 5,3%0e-03

9.310e-04 4.717e-03

7.5680e-04 4.043e-03

=0 336903

ST 2.6956-03
BESRE | 2021e-03
2660004
1,398e-08

1.330e-04
6.735e-04
1.000e-30
1.000e-30

Y:0.016mm 0.008mm

URES (mm) URES fmm)

4.002¢-02 3,190e-02
l 3665002 2,9240-02
| 333502 | 2658002
. 3.002e-02 _o2392e-02
_ 2668002 _ 2127602
e 1.861e-02

2.001e-02
1,5956-02

1.6650-02
1,320e-02

1.3342-02
1,0636-02

_ 100102
| 7975603

567103
5.317e-03

3.335e-03
o0 2,658e-03
1,000e-30

Z: 0.04mm 0.032mm

Brake points by upper side: large point.

URES (mm) URES (mm)
ALl 5 896e-02
432603 l 5 405e.02

| 3.033e-03 | 4913602
- 3.540e-03 _ dd22e-02
_ 3146203 | 3g1e02
2.753e-03 3.439-02
2,360:-03 2.548e-02
1.966¢-03 2.457¢-02
1.573e-03 1.965¢-02
_ 118003 _ 147460
7.9666-04 952703
3.9336-04 4.9142-03
1.000¢-30 1.000e-30
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X: 0.005mm

URES [mm)

1.814e-03
1.662e-03
- 1.511e-03
_ 1.380e-03
_ 1.20%-03
_ 1.058e-03
9.085e-04
T.557e-04
£.045e-04
- 4.53de-04
3.023e-04
1.511e-04

1.000e-30

Y: 0.0018mm

URES (mm)
1.633e-03
1.495e-03

| 1360603
_ 1224003
_ 1.063¢-03
_ 9523604
816304
6,802e-04
5.442e-04
| 4081e-04
2.721e-04
1.360e-04

1.000e-30

Z:0.0016mm

Small point:

URES {mm)]
7.353e-02
6,7406-02

- B127e-02

_ 5515602

- 4.802e-02

| 428902

3.676e-02
3.0646-02
2.451e-02

1538602

1.2250-02
61276-03

1.000e-30

X:0.07mm

0.059mm

0.

URES (mm)
1.613e-03
1.479e-03
1.3452-03
1.210e-03
L 1076
| 9412e-09
8.067e-04
6.723e-04
5.378e-04
| 403404
2.659e-04
1.345e-04

1.000e-30

0.0016mm

URES (mm)

. 4.090e-03

5.454e-03
4.999¢.03

4.545:-03

. 3.636e-03
. 3.181e-03
2727e-03
2272003
1818203

- 1.383e-03
908904
4.545e-04

1.000e-30

0.006mm

URES [mm)
901502
l ,2660-02
L 7515602

. 6763802

. 6012:-02

. 5.260e-02
4,509¢-02
375702

3.006e-02

1,503e-02

7.515e-03

1.000e-30

0.09mm
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UIRES (mm)

1.099e-03 URES (mm]

3.250e-03

1.008e-03
2.%67e-03

9.162e-04
2.715e-03

- 8.246e-04
- 2444803

732904

- 2.172e-03
6.413e-04
1.201e-03
5497e-04

1.620e-03
4.581e-04

1.358e-03

e 1.0866-03

2,749e-04 GLitEass)

UEERGED 5.d31e-04

9.162e-05 2.7156-04

1:000e-30 1.000e-30

Y:0.001mm 0.0033mm

URES [mmj
3.016e-02 URES (mm)

2.765¢e-02 3,503e-02
2513e-02 3.577e-02
. 2262e-02 EE
. 2.927e-02

_ 201102
. 2.602e-02

1,759-02
2.2778-02

1,508e-02
1.9572-02

1.257¢-02
1,6268-02

1.005¢-02
1.301-02
i 9757e-03
5.027e-03 .
2.513e-03 2303
1.0006-30 1,000e-30

Z:0.03mm 0.03 mm
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17.0 FEA results and percentage different at each point:

% different

attachment original FE % different final FE ..
. test N/mm to original
points model N/mm to test model N/mm
model
X 1428.571429 | 7692.307692 53% 10000 13%
Y 4545.454545 | 6666.666667 14% 2380.952381 -28%
Z 23809.52381 | 23255.81395 -9% 11111.11111 -20%

5 -
attachment original FE . 7 final FE % different to
oints test N/mm model N/mm different model original model
P to test N/mm &

X 2439.02439 | 1818.181818 -7% 3623.188406 19%

Y 12500 22222.22222 17% 6666.666667 -33%

z 2500 10000 -4% 4166.666667 24%

X 2222.222222 | 1694.915254 -7% 357.1428571 -47%

Y 10000 3333.333333 -3% 1562.5 -21%

Z 12500 12500 0 5000 -25%
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%

final FE

| i | SIUE | e || SO
P to test N/mm g
X 8333.333333 | 1428.571429 58% | 649.3506494 -22%
Y 8333.333333 | 3333.333333 -4% 3448.275862 10%
\ 1587.301587 | 8333.333333 52% | 3448.275862 -24%
X 25000 29411.76471 11% 10869.56522 27%
Y 1111111111 6250 17% 12500 20%
7 2083.333333 2500 12% 3125 13%

28

attachment test N/mm original FE diff;/:ent fr'l:ca):jZIIE %'d?fferent to
points model N/mm to test N/mm original model
X 11235.95506 20000 17% 1694.915254 -11%
Y 12500 55555.55556 44% 62500 11%
Z 50000 62500 12% 16666.66667 -37%
\ X 5555.555556 | 1428.571429 -38% 1111111111 -12%
\ Y 14285.71429 100000 7% 30303.0303 -33%
VA 12500 3333.333333 -37% 3333.333333 0




17.1 FEA and analyse:

Different colour in the table is presenting the different part of the component. One of the reasons to
do the physical static test and original FEA test that material has been found when the results have
been the similar or closest possible number to each other. The second reason for having the FEA result
of original component is to compare them with a new design and help the student while the design
process to the final stages. While the design process and ending up with the final design FEA test at
the same material been a repeat to compression of the original design and new design then as it shows
the stiffness. FEA result in most of the pints are lower with very small change and they are shows by
negative symbol, some of the points are higher so the percentages are positive, and in the last point,
they are equal. Percentage different between test and original FE model can be because of some
physical issue and they will list below:

1. DTl seating.
2. Model clamping issue.

3. Load issue, as in this case was measure with 100N so the weight has been use was 10Kg but it
should be 10.197 Kg. different weight would calculate and results differently.

In this case, before design process student been consider that reducing the weight of component will
have resulted of having the lower stiffness on most of the point but it has tried to take the design to
the stage that to have smaller changes of stiffness at all the points. Stiffness changes been show by
percentage at each x, y and z points between the test and original FE model and between the original
FE model and new design.

18.0 Final FE model and Calculations:

Final step of design process is to work out how much force will be applying from the brakes and
wishbones to the upright and redo the FEA test for the upright with real data or real forces. At this
stage, braking and wishbone will be calculating with following equations:

Braking force = (weight x long Gx g)/2

Upper wish bone = (h1 x braking force)/ (h2-h1)

Lower wishbone = (h2 x braking force)/ (h2-h1)

The h1l and h2 are the height from lower and upper wishbone to the ground.
Therefore:

Braking force = 4756.6 N

Upper wishbone =4157 x 2 =8314 N

Lower wishbone = 3593.9 N
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19.0 Final FEA and result:
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Figure 15: original and final model FE model displacement.
Stiffness: 2000 N/mm for the new model and 7000 N/mm for the original model.

At this part FEA results has been proven that new model has not got much different compared to the
original model and also it shows on the figure with calculated forces model has not been field so the
new design can be safe and ready to take to the next steps which is choosing the material and
manufacturing technique.
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20.0 Material:

The material is the main body of the model or component. Everything around creates by type of
material that supposed to. For example, stone, wood, metal, plastic and composite etc. are material.
Different design or component has created by one or even more than one type of material all depends
on the use of the place will use. Most of the glasses are from the plastic or wood and tables are wood
or metal. Materials are choosing as the facts of density, stiffness, price etc. but in this case, stiffness
and price are the main facts of choosing the material. Figure 16 is the best example of how different
material and young modules having different cost and what is the best choices of material for this
case. Three best and possible choice of material for the suspension upright will be analysis in the next
following sections.
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Figure 16: Young’s modulus against cost

20.1 Magnesium:

One of the super light and cheap in the group of material is magnesium. Lower density compared to
aluminium and the same group of aluminium alloys took this material to the top five of the automotive
industry list and useful. Magnesium has a list of alloy with aluminium so magnesium alloy is a list of
the best light and cheap material. Beryllium is the only lightest material as magnesium. Best
temperature of usage for magnesium alloys is less than 150 °c. (baker, 1999)

20.2 Cast iron, ductile:

Some of the suspension parts are create by the material called ductile in the steel family. This material
is one of the stiffest and cheapest materials that can use for the upright but only the biggest
disadvantage of this material is the high density compared to most of the alloys. This material is create
by a different percentage of iron and Carbone. The iron-carbon phase diagram is the best example of
how a different percentage of Carbone can affect the temperature, hardness and at the same time
density. (Mason, 2018)
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Figure 17: Fe-c (lron-Carbone) phase diagram.

20.3 Aluminium alloy:

Aluminium alloys are the best, most important and most useful light alloys that compared to the price
being to the top of the list of the most use in motorsport and car industry. They are separate from the
family of two groups of casting and wrought alloys. As it says at the beginning, they are useful because
of lower density as steel and iron families with high strength, excellent thermal high reflective surface,
and low melting temperature and easy to weld and cast. They are in the low cost of material families
but prices still twice as steel families. (L.Rooy, 2004)

Most cast aluminium alloys based on an alloy of aluminium with 1 to 18 present silicon and different
percentages of aluminium and silicon will affect the temperature and melting temperature, which will
show in figure 18.
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20.4 Three different possible material for upright manufacturing:

materials == Aluminium alloy ductile Magnesium alloy
Density 2.69e3-2.73e3 Kg/m* | 7.05e3 — 7.25e3 kg/m? | 1.75e3 — 1.87e3 kg/m?
Yield strength 92.6 - 108 MPA 250 - 680 MPA 70-215 MPA
price 1.5-1.63 pounds 0.23 - 0.24 pounds 1.87 —2.15 pounds
per/kg per/kg per/kg

Table: compression of three cheap material for upright. (edupack C. , 2018)

This table is an analysis that the advantage and disadvantage of each three materials that is the best
possible material to manufacture the upright. In this table, magnesium has lower density so it can be
one of the choices of the light component but at the same time has a slightly higher price and lower
stiffness. The best and the high number of stiffness and cheap price of raw material is for ductile but
one of the biggest advantages of this material is very high density compared to the magnesium alloy
and aluminium alloy. High melting temperature point is the other disadvantage of ductile therefore
more power and costs to melt. Aluminium is one of the best choices of manufacturing the upright as
the low price of raw material and higher stiffness compared to magnesium but it has higher density
compared to magnesium and lower density compared to ductile.
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Figure 19:

Figure 20: magnesium

Figure 21: cast iron- ductile

Figure 19, 20 and 21 is what FEA proved as displacement which is cast iron with displacement of 2.85e-
2 mm has better result and stiffness compared to the aluminium and magnesium then magnesium has
lower stiffness with displacement number of 7.65e-2 mm. aluminium has lower stiffness as steel or
cast iron but higher than magnesium.

20.4.1 Different aluminium choice:

Original Zen track suspension upright has been creating and manufactory as 6061 aluminium alloy as
it has find while compared the result of the test with FEA of the original model. Closest result of the
FE model to the test prove the material, which is in the FEA test different material compares with an
actual physical test and the closest material result proves the material of the original model. Material
to be recommending for manufacturing of the newly designed suspension upright is being A206- T7
and Al-alloy 6061so to analyse both of alloys property will be in following steps as a table. (gmbh,
2018) (Pandey, 2018)
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Aluminium 6061 alloy with engineering name of EN AW-6061(EN AW-AL Mg1SiCu) with engineering

number of 3.3211 vs aluminium A206-T7 with engineering number of AMS 4236 has been composition
as:

6061 alloy A206-T7

Al 95.8-98.6 % 93.4-953%

Cr 0.04-0.35% Ni: 0- 0.05 %
Cu 0.15-0.4% 42-5%
Fe 0-0.7% 0-0.1%

Mg 0.8-1.2% 0.15-0.35 %
MN 0-0.15 % 0.20.5%
Si  0.4-0.8% 0-0.05%

Tl 0-0.15% 0.15-0.3%
Zn 0-0.25% 0-0.1%
Other 0-0.15 % 0-0.15%

(edupack C., 2018)

Aluminium and aluminium alloys has lower density so the component, compared to steel or cast iron
will be lighter. High stiffness and low material cost is the other advantage of aluminium. Melted point

of aluminium and aluminium alloys are low so less power needed to melt the material therefore lower
cost.

With melting temperature of 580 to 650 °c and base price of 1.53 to 1.65 pounds’/ kg vs A206-T7 will

be melt at 535 to 650 °c and price of 1.65 to 1.78 pounds/kg and physical and mechanical properties
of:

6061 alloy A206-T7
Density: 2.69e3-2.73e3 Kg/m? 2.77e3 -2.83e3 Kg/ m?
Young modules: 66.6 — 70 GPA 69.4 — 71 GPA
Yield strength: 92.6 — 108 MPA 333 -357 MPA

Fatigue strength: (1077 cycles) 91 — 106 MPA 195 -215 MPA

(edupack c., 2018)
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20.4.2 Aluminium alloys group:

Aluminium alloy Formability and machining Heat treating strength
family workability
Alloy excellent good Not heat bad
1100 treatment
Alloy good excellent Can be heat Excellent
2011 treatment
Alloy good Fair and Can be heat Excellent
2024 acceptable treatment
Alloy excellent good Not heat good
3003 treatment
Alloy good Fair and Not heat Excellent
5052 acceptable treatment
Alloy good good Can be heat Excellent
6061 treatment
Alloy good Fair and Can be heat good
6063 acceptable treatment
Alloy poor Fair and Can be heat Excellent
7075 acceptable treatment

(Kaufman, 2000)

To consider what type of aluminium alloy family needed for what part or what type of component it
is important to check this table out. For example, to have the model with easy machining 2011 alloy
is the best choice or to have a model with high strength 1100 alloy is the worth choice therefore
different alloy will prove in this table with advantage and disadvantages list to consider the best
choice. Aluminium alloy 6061 in this table has a stable result which is at all different part has a good
average of forming, machining, heat treating and strength, therefore, it can be one of the best choices
of material for the new component.

21.0 Manufacturing technique:
Suspension upright can produce by different manufacturing technique and different manufacturing

technique is to carry the different cost per model. In this stage, different manufacturing technique will
be, introduce therefore analysis the different manufacturing technique and cost.
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21.1Hot close die forging:

Hot close die forging is a part of the deforming group in manufacturing methods.in hot close die
forging process model will be forming with the pressure of the head, which is called ram and form the
hot metal or alloy with fixed upper and lower die under and over the ram. This method been
recommended for high quality, volume models as randomly model can be manufactured from 10 to
300 per hours, and each model will cost from 24.4 pounds to 45 pounds. (edupack C. , 2018)This
technique need to be do for some complex models with small edges. Metal can be forge but the
easiest material in the list of forgeable materials are included aluminium, magnesium, copper alloy
and steels. This manufacturing process is recommends for high stressed mechanical parts such as the
crankshaft, connecting rod and upright.

Note: price cost and manufacturing volume per unite is all depends on the shape, size and material.
Heating temperature will be it depends on the material properties.
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Figure 22: close die forging on rod. (Taylan altan, 2005)

21.2 Moulding (compression) or squeeze casting:

Compression moulding is a main polymer forming process but in some cases, it better to use for some
low melted temperature metals and alloys and it called squeeze casting. This process is partly the
same to squeeze casting and forging but in this case melted metal will be injected into the model space
and fill it up. In this process, melted metal or alloy will be inject as a charge into the lower die and
upper die will be squeezed on the material to shape the model. This process is present in two types
as heated die for the polymers and cold die with melted metal or alloy for the non-polymer material
such as aluminium or magnesium. (l.Isayev, 1987) The cost of model per unit manufacture within this
method is between 13.6 to 32.6 pounds. This process can produce 10 to 100 models per hour. Squeeze
casting is excellent for the simple shape models and in all the cases model need to be machine some
of the side’s edges and holes. (edupack C. , 2018)
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Squeeze Casting
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Figure 23: compression or squeeze casting moulding process.

21.3 Casting (centrifugally — aided):

This method is one of the casting group, which is can be done for most of the metal and alloy materials
with limited sizes. In this process, numbers of models will set up with a fixed distance from the centre
of the rotation axis. Melted material will fill the models with the pressure of rotation. In this process,
models can stay from50 to 200 manufacturing units or can be wax for the complex of very small
dimension models. Price of the models manufacturing with the method is between 17.6 to 132 pounds
and can be manufactured between 1 to 200 models per hour which are each casting time can produce
60 to 90 models. (edupack C. , 2018)In this manufacturing technique tools cost need to be consider
from 71.50 to 715 pounds.

(Science, 2010)

Figure 24: centrifugal casting.
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21.4 Sand casting:

Sand casting is one of the oldest methods of the forming family from mid-1800 and first die casting
alloys done at the 1930s. This process will start to cast the model with the amount of sand into the
die casted aluminium or wood. Next step is to split the model from the sand, dry the sand with gas
fire, and drain the melted metal or alloy gently to the casted area. This process can produce 1 to 20
models per hour which are each casting time can be done for 1 to 10 model. Minimum cost of 17.50
to maximum cost of 126 pounds will be for each unit. Tools life in this method is only once each time
of casting but the casting tools are cheaper than the other manufacturing process. Quality of the
casted surfaces are poor and need to be a machine after the casting process. One of the biggest
advantages of this manufacturing process is over 95 present of the models can be manufactured with
this technique. Metals and alloys are can be cast but alloys of aluminium, zinc, magnesium and copper
are mostly be cast by this method. (Barkhudarov, 1988)
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Figure 25: sand casting process.
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21.5 Lost-wax casting:

Lost-wax casting is the oldest method of casting and forming. This manufacturing technique is present
for more than 4000 years. This method at the beginning been used to create and shape the gold and
metal arts. After years and years, when the technology gets higher this method been use for more
complexes and very small dimension of models. This process at some stage is similar to sand casting
but in this method, the wax will create the space of model and when it covered by ceramic, the wax
will melt by heat or fire and the model space will be ready for casting. Each casting time at this method
will produce more than one model and final casted models are together having the trees root shape.
Bad surface will be the biggest disadvantage of this casting method and the models all need to be a
machine after the casting process. Two to 100 models per hour can be produce by using this process
with the cost of 20 to 150 pounds. (Fred R.Sias, 2005)
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Figure 26: lost-wax casting.

39



22.0 Manufacturing process for the original upright:
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23.0 Manufacturing process for new designed upright:
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24.0 Manufacturing cost of the original model:

Cost and Sand casting Centrifuge Squeeze forging Lost-wax
manufacturing casting casting casting
Unit cost £22 £24 £23 £29 £25
Units/hour 20 200 60 300 100
Tools cost £10 £100 £500 £3000 £45
Units 10 90 100000 100000 8
produced /
tool
Tooling cost / f1 £1.11 0.5p 3p £5.63
unit
machining £15 £15 £11 £13 £21
drilling £8 £8 £8 £8 £8
threading f£4 f£4 f£4 f£4 f£4
Unit cost £50 £52.11 £46 £54.03 £63.60

Figure: manufacturing cost of original model. (edupack C., 2018)

In this table, the cost of the original has been calculated at each unite with the different manufacturing
process. Original suspension upright has been produce by aluminium alloy 6061 and sand casting
process but the new design will produce by different manufacturing technique and aluminium alloy
6061 material. Newly designed manufacturing cost will be calculate in the next table, therefore
consider which manufacturing technique need to choose to manufacture the new suspension upright.
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25.0 Cost of the new model manufacturing and analysis:

Assuming the cost of original upright is 50 pounds and need to take to 50.000 x 2 =100.000
unit produce a year then:

Cost and Sand casting Centrifuge Squeeze forging Lost-wax
manufacturing casting casting casting
Unit cost £20 £22 £21 £27 £23
Units/hour 20 200 60 300 100
Tools cost £10 £100 £500 £3000 £45
Units 10 90 100000 100000 8
produced /
tool
Tooling cost / f1 £1.11 0.5p 3p £5.63
unit
machining £15 £15 £11 £13 £21
drilling £8 £8 £8 £8 £8
threading f£4 f£4 f£4 f£4 f£4
Unit cost £48 £50.11 f44 £52.03 £61.60

(edupack C., 2018)

If the factory works 260 days a year and each day 10 hours so, 385-model need to produce a day so
all the manufacturing techniques can be done for the new upright design. From the top list, cheapest
processes from A to Z will be sand casting, centrifuge casting, squeeze casting and forging.
compression is cheaper because of the surface of the squeeze casting model will be more flat as the
other techniques, therefore, less work needs to be done(machining), it will be cheaper overall
compare to another processes but drilling process will be the same as the original model which is all
the attachment points. Most of the Cast iron or steel materials cannot produce by squeeze casting
process so to use the cast iron sand casting will have recommended.

Note: tooling cost will divide by numbers of cycle and result add to the cost of one model. One of the
biggest future advantages of using compression or squeeze casting process is off in the future, volume
needed of upright gets higher then more model can produce a day and also with 50.000 x2 =100000
units a year 38.5 model need to be produced per hour.

Different manufacturing technique is presenting different cost and unit can be produce per hour. In
the cost list best and possible five manufacturing technique for this model has been considered. The
cheapest way of manufacturing technique in the list is squeeze casting and can produce up to 600
model a day. To take the volume to 600 units a day production this manufacturing technique is the
first and best choice. If the factory decides to produce the model more than 600 unite a day then the
next choice will be centrifuge casting so the cost per model will be £50.11 and 2000 model can produce
a day by this manufacturing process.to produce up to 3000 model a day best and next possible choice
is forging.
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26.0 Second term Gantt chart:

Task Start Date End Date Time duration/day
Test 09/01/2019 | 16/01/2019 7
Create the original FE Model 17/01/2019 | 01/02/2019 15
Create the packaging space 17/01/2019 | 19/02/2019 33
Topology optimization run (30% to 9%) 28/02/2019 | 05/03/2019 5
Final topology optimization run 28/02/2019 | 12/03/2019 12
Design the upright 12/03/2019 | 15/03/2019 3
FE model of the new model 15/03/2019 | 19/03/2019 4
Braking force calculation and final FEA
and 3D print the final design with
previous design 19/03/2019 | 22/03/2019 3
Material and manufacturing
consideration 22/03/2019 | 30/03/2019 8
Final report and wallpaper 15/10/2018 | 30/04/2019 197
Final Viva 15/10/2018 | 01/05/2019 198
TEST

CREATE THE ORIGINAL FE MODEL
CREATE THE PACKEGING SPACE
TOPOLOGY OPTIMAZATION RUNING(30% TO 9%)
FINAL TOPOLOGY OPTIMAZATION RUN
DESIGN THE UPRIGHT
FE MODEL OF THE NEW MODEL

BRAKING FORCE CALCULATION AND FINAL FEA AND 3D...
MATIRIAL AND MANUFACTORING CONCIDERATION
FINAL REPORT AND WALPEPER
FINAL VIVA

At the beginning of the second term project has been plane but same issue as first term has happened

as in some task more time needed to be spent but at overall project and project poster has been done

successfully before the dead line .

27.0 Further work:

One of the most important works that need to be do for this project in the future is to do some fatigue

test to find out the maximum and minimum percentage of damage at different parts and maximum
life of the new design. Second test is to take the new designed model to solid works and set the model

on the original assembly of the Zen track and run it as motion analyse and simulation motion for the
FEA result and analyse the result to see if the new designed upright need any change on the design.
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28.0 Issues and problems:

In the physical test, the middle point could not be measure as at the end of measurement some
changes have been doing on the rigid but to set the DTI could not be setup to the place that is the
closest place to the middle point; therefore, they have not been measure. Because of this issue, the
middle point has not been measure at all the steps it has been add to the design only because of this
issue.

200 g weight was present for the test in the workshop but it was not possible to hang in model so the
weight used for the test was less than 10 N therefore test results was not the same as FEA result.

29.0 Conclusion:

Cheap and high volume car production is the main strategy of the Chinese car manufactories. The
Chinese car market is in the top three of quality and quantity of the Asian car market and in some facts
take the production to Europe and the USA. To take the production from the UK to China component
weight has been reduce while the new design and material and manufacturing technique has been
consider to reduce the component cost. To reduce the weight three facts have been consider and
analysis first is design, new design have used lower material compared to the old design. Second is
material, cheap and stiffer material has been represented but the material has been sued for the
original model will be used as a material. Third and most important is manufacturing technique, in this
part cheapest and quickest manufacturing technique is considered to be squeeze casting but it can be
changed with quantity so, all the manufacturing techniques are listed with the costs.

45



30.0 Bibliography
Amanda. (2018, 01 08). GAC 2017 sales surpass 2 million. Retrieved from gasgoo:
http://autonews.gasgoo.com/china_news/70012804.html

Arash. (2018). carlogos. Retrieved from carlogos: http://www.carlogos.org/Car-Logos/Arash-
logo.html

Aurora. (2018, 01 11). Dongfeng Motor sees 4,120,000 sales in 2017. Retrieved from Gasgoo:
http://autonews.gasgoo.com/china_news/70012936.html

Aurora. (2018, 04 22). JAC Motors 2017 net profit slumped YoY 62.83% to RMB 432 million. Retrieved
from gasgoo: http://autonews.gasgoo.com/china_news/70014402.html

Bacon, D. (2015). global manufacturing. china.
baker, M. M. (1999). magnesium and magnesium alloys. THE USA: ASM international.

Barkhudarov, A. R. (1988). Casting: an analytical approach. In E. M. Processes, casting (p. 5 and 6).
USA: Springer.

borro. (2014). ten british car brands. london: Jay Gohil.

brands, g. c. (2017). chinese car brands. beijing.

c2wgroup. (2018). china 2 wast services. Retrieved 2005, from www.china2west.com

Chen, F. (2018). What is primary silicon in an alloy. California, Los Angeles: Quora.

Clarkson, J. (2018, 12 2). The Clarkson Review: Aston Martin Vantage. London, London, THE Uk.

Damodar Khobragade, S. K. (2017, 11). Prevention of Grain Boundary Cementite formation during
hot rolling of wire rodsof high carbon steel. Patratu, India., Patratu, India.

Danzur, W. (2013). Home for Aluminum, Bronze, and Alloy Castings. Retrieved from Wynn Danzur:
https://www.wynndanzur.com/casting-processes.html

edupack, C. (2018). CES edupack. swansea: UWTSD.
edupack, c. (2018). Kinetic Die Casting Company. ces edupack.

Fred R.Sias, J. (2005). Lost - wax casting. South Carolina: Woodsmere press pendleton, South
Carolina.

gmbh, A. g. (2018). Technical Datasheets. Amberg.
Gokhale, N. S. (2008). practical Finite element analysis. Maharashtra,india: Finite to infinite.

Greenfield, M. (2018). The Statistics Portal. Retrieved from STATISTICS:
https://www.statista.com/statistics/233743/vehicle-sales-in-china/

Haj-Assaad, S. (2018). Top 10 Best-Selling Cars in China. Retrieved from Autoguide:
https://www.autoguide.com/auto-news/2017/03/top-10-best-selling-cars-in-china.html

Hawes, M. (2018, 01 31). SMMT. Retrieved from 2017 UK car manufacturing :
https://www.smmt.co.uk/2018/01/2017-uk-car-manufacturing-declines-3-still-second-
biggest-output-since-turn-century/

46



He, L. (2018). Brilliance Auto shares plunge by almost a third as BMW plans to buy control of Chinese
joint venture. South China: 2018.

Heyi, X. (2017). Annual Report 2017. beijing: baic group.
I.Isayev, A. (1987). injection and compression molding fundamental. New york: Marcel Dekker/ inc.

KANE, M. (2018, 01 26). BYD #1 In World For Plug-In Electric Car Sales In 2017, Beats Tesla Again.
Retrieved from insideevs: https://insideevs.com/byd-1-world-plug-in-electric-car-sales-
beats-tesla/

Kaufman, G. (2000). introduction to Aluminum Alloys and Tempers. America: ASM.
L.Rooy, J. G. (2004). aluminum alloy casting. THE USA: ASM international & AFS.
Martin Tauber, D. . (2017). The Chinese Automotive Market. mmta. xian: mmta.

Mary. (2018, 02 13). Top stories of FAW Group in 2017. Retrieved from gasgoo:
http://autonews.gasgoo.com/china_news/70013754.html|

Mason, G. (2018). cast iron vs ductil iron . THE USA: CPM industries.

Mogele, B. D. (2016). Additive Manufacturing of Casting Tools Using Powder-Binder- Jetting
Technology. INTECH, 76.

motor, s. (2018). saic motor. Retrieved from
http://www.saicmotor.com/english/investor_relations/sales_volume/index.shtml

moulding, D. (2016). comprassion moulding. Retrieved from Davis moulding:
http://www.daviesmolding.com/Pages/Resources/Engineering-Specifications/Plastic-
Molding/Compression-Molding.aspx

ORG, P. (2018). China auto sales rise 7.9 percent in May as electrics surge. london.

Pandey, R. (2018). difference between stress strain curve of aluminium and cast iron. Kanpur: M Tech
Solid Mechanics and Design, Indian Institute of Technology.

paul. (2018).

Science, F. (Director). (2010). FLOW-3D Centrifugal Casting Simulation [Motion Picture].
shih, W. (2018). production advatage of chinese manufacturers. londin: Forbes.
Sigmund, D. t. (2003-2004). topology optimization. Lyngby: Springer.

SMMT. (2017). spacialist car manufacturing. london: Paul Everitt.

Solutions, M. t. (2014). Mechanica technical Solutions. Retrieved from MTS:
https://www.mechanicatech.com/Casting/sandcasting.html

(2011, 09 27). Stiffness and weight: density and elastic moduli. 48.

Stipp, D. H. (2018). Statista. Retrieved from Production of cars in China from 2008 to October 2018:
https://www.statista.com/statistics/281133/car-production-in-china/

sun, l.y. (2017). the next factory of the world. London.

SUSTAINBILITY, 2. A. (2017). SMMT Driving the motor industry. London: Mike Hawes.

47



Taylan altan, G. n. (2005). cold and hot forging. united states of America: the materials information
society /ASM inter national.

Tian, Y. (2018, 11 14). China Is About to Shake Up the World of Electric Cars. Retrieved from
Bloomberg: https://www.bloomberg.com/news/articles/2018-11-14/china-is-about-to-
shake-up-the-world-of-electric-cars-quicktake

Tony. (2018). China's struggling Chery Automobile up for sale. london.
tovey, A. (2018). business. the telegraph, 3.

Xinhua. (2017, 04 17). xinhua. Retrieved from xinhua: http://www.xinhuanet.com//english/2017-
04/17/c_136215273.htm

48



	List of figures:
	1.0 Introduction:
	2.0 The UK car manufactory:
	The UK has the biggest number of car manufacturers in the world, as the most famous car manufactures called Aston Martin, Lotus and McLaren. From the past until now, some of the UK car companies has carried and provide the new and higher technology as...
	Based on 2017 SMMT on 2016 special car manufactories had around 3.6 billion pounds’ specialist turnover, around 11.000 has been employed and 2000 cars have been made which is more than half that has been expecting in the world and will be expected to ...
	UK special car manufactories are in the global marketplace and exporting the product around the world markets such as EU, US, Japan, MIDDLE EST and China.
	3.1 Arash:
	3.2 Cars volume in the UK has been produce from 2011 to 2017 at the end of each year.
	4.0 Chinese car manufactory:
	5.0 Chinese high volume car producer:
	6.0 List of the most popular Chinese car companies and brands:
	Vehicles volume has been produce in china from 2008 until 2018:
	7.0 Take the low volume to high volume and corporation between the UK and china:
	8.0 First term Project tasks and Gantt chart:
	9.0 Methodology and design:
	9.1 Manufacturing process:
	10.0 Methodology and design process:
	11.0 Physical test:
	12.0 Original suspension upright FE model:
	13.0 Packaging space:
	14.0 Topology optimization by design studio:
	15.0 Design the upright on CAD (solid works):
	16.0 Final FE model of the final design, original design and test:
	17.0 FEA results and percentage different at each point:
	17.1 FEA and analyse:
	18.0 Final FE model and Calculations:
	Lower wishbone = 3593.9 N
	19.0 Final FEA and result:
	20.0 Material:
	20.1 Magnesium:
	One of the super light and cheap in the group of material is magnesium. Lower density compared to aluminium and the same group of aluminium alloys took this material to the top five of the automotive industry list and useful. Magnesium has a list of a...
	20.2 Cast iron, ductile:
	20.3 Aluminium alloy:
	20.4 Three different possible material for upright manufacturing:
	20.4.1 Different aluminium choice:
	20.4.2 Aluminium alloys group:
	21.0 Manufacturing technique:
	Suspension upright can produce by different manufacturing technique and different manufacturing technique is to carry the different cost per model. In this stage, different manufacturing technique will be, introduce therefore analysis the different ma...
	21.1Hot close die forging:
	21.2 Moulding (compression) or squeeze casting:
	21.3 Casting (centrifugally – aided):
	21.4 Sand casting:
	21.5 Lost-wax casting:
	23.0 Manufacturing process for new designed upright:
	24.0 Manufacturing cost of the original model:
	25.0 Cost of the new model manufacturing and analysis:
	26.0 Second term Gantt chart:
	27.0 Further work:
	28.0 Issues and problems:
	29.0 Conclusion:
	30.0 Bibliography

