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Evidences  
(LO1) Produce useful ideas and concepts using Brainstorming (C). 
 

Technological feasibility The air intake will be designed and simulated 
in Solidworks and ANSYS. Both are famous 
industrial grade software that are available to 
use in the computers in Taylor’s University 
Campus 

Economic viability Most of the materials required for the 
manufacturing of the prototype can be 
obtained from the campus labs or from the 
Taylors Racing Team. Therefore, since the 
prototypes are all 3D printed using Polylactic 
Acid (PLA), the cost of manufacturing is 
reduced. 

Impact on Environment The material PLA is a biodegradable 
thermoplastic made from renewable 
resources. The carbon footprint from using 
this material is small and also 
environmentally friendly. 

Sustainability The proposed design changes will allow any 
damaged or faulty parts to be replaced or 
switched out without the need to build a new 
intake from scratch. This will save up on cost 
long-term wise and reduce material wasted on 
manufacturing. 

Legal and Ethical Safety precautions are taken when 
constructing the prototype. The designs used 
in this project are designed and fully modelled 
by the team members, with care taken that no 
single part is plagiarized from external 
sources. 

 
 
 
 
 
 



(LO2) Design a system that solves a complex engineering challenge using the 
Design Process (D).  
 
We are using ACID to solve the engineering challenge on FSAE Air Intake. Where A is system 
architecture, C is configuration design, I is integrated design and D is detailed design. 
 
System Architecture 

 
Configuration Design 
An FSAE intake consists these parts which are required following the rules: 

● Throttle Body 

● Restrictor 

● Plenum 

● Runner 

● Fuel Injector 

● Fuel Rail 

 

 



These parts above are 3D printed for rapid prototyping and plans are made to produce parts in 
aluminium. 

 

 

Integrated design 

 
● These are the designs proposed for FSAE Air Intake. 
● Air Intake above were designed in Solidworks. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Detailed design 
First design: 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Second design: 

 
 
 
 
 
 
 
 



Third design: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



(LO3) Conclude findings from working in a team through technical 
documentation (I&O)  
 
Material testing of FSAE air intake  
 

The objective of this experiment is to determine the effect of the temperature on different               
types of materials such as steel, aluminium and 3-D printed plastic. This is to make sure that the                  
selection of the material to build the air intake of the FSAE car is the most suitable and is heat                    
resistant. Thermal stress test has also taken into account to test the durability of the materials                
under multiple intervals.  
 
PROCEDURE 
 
Experiment 1: Test the Effect of Temperature on Certain Materials 
 
1. A small piece of aluminium with the dimension of 5 cm by 7 cm and the thickness of 1.5 
mm was cut using a band saw. 
2. The oven was switched on and it was preheated to 40°C using a temperature controller. 
3. The aluminium was placed on a tray that is then put into the oven and was left in the oven 
for 5 minutes. 
4. The effect of the aluminium on the temperature was observed and recorded. 
5. Step 1 to 4 was repeated with the temperatures of 50°C, 60°C, 70°C, 80°C, 90°C, 100°C and 
110°C. 
6. Step 1 to 5 was also repeated with a different material which is steel that is cut using a 
grinder and 3-D printed plastic. 
 
Experiment 2: Test the Thermal stress on Certain Materials 
 
1. The oven was switched on and the temperature was set to 90°C. 
2. A small piece of aluminium was placed into the oven for 5 minutes using a stopwatch. 
3. After 5 minutes, the aluminium plate was left to cool for 3 minutes. 
4. Step 1 to 3 was repeated for 5 times using the same aluminium plate. 
5. The aluminium plate was then placed on a retort stand and a 10N weight load is then placed 
on it for 3 minutes. 
6. The bending of the aluminium plate is observed and recorded. 
7. Step 1 to 6 is then repeated using steel plate. 
 
 



Experimental design 

 
 
 
 
 



 
Materials and Apparatus 
 

1. Aluminium  
2. Steel 
3. 3-D printed plastic 
4. Metal tray 
5. Laboratory oven  
6. Retort stand 
7. 10 N weigh load 
8. Stopwatch 

 
Experimental variables 
 
Experiment 1: Test the Effect of Temperature on Certain Materials 
 
Manipulated variable : The materials used in the experiment, the temperature of the oven. 
 
Responding variable : The condition of the material after its heated. 
 
Constant variable : The time taken for the material to be in the oven for each temperature, the                  
thickness of the material used.  
 

The aim of this experiment is to observe the condition of different types of materials with                
the change of temperature. The time taken for each materials to be in the oven for each                 
temperature was 5 minutes and was measured by using a stopwatch. The materials used in the                
experiment was aluminium, steel and 3-D printed plastic and all of the materials being used has                
the thickness of 1.5 mm with the dimension of 5 cm by 7 cm. The temperature of the oven was                    
controlled by using a temperature controller and had a range of 40°C, 50°C, 60°C, 70°C, 80°C,                
90°C, 100°C and 110°C. The condition of each materials could be recorded by observing              
whether the materials crack and have an extension.  
 
 
 
 
 
 
 
 



 
Experiment 2: Test the Thermal stress on Certain Materials 
 
Manipulated variable: The materials used in the experiment. 
 
Responding variable: The bending of the materials on a weight load. 
 
Constant variable: The temperature of the oven, the thickness of the materials used, the weight 
load on the materials, the time taken for the material to be in the oven. 
 

The objective of this experiment is to test the thermal stress on different types of               
materials. The temperature of the oven was set to 90°C using the temperature controller that is on                 
the oven and a stopwatch was used to time the material being heated in the oven. Furthermore,                 
the weight load on the materials was added till it reaches 10 N and the thickness of the materials                   
is set to be 1.5 mm. The bending of the materials on the weight load is then observed and                   
recorded.  
 
 
Experimental results 
 
Experiment 1 : Test the Effect of Temperature on certain Materials 
 

Temperature (°C) Cracking  Extension 

40 NO NO 

50 NO NO 

60 NO NO 

70 NO NO 

80 NO NO 

90 NO NO 

100 NO YES 

110 NO YES 
Table 1 : Result for Aluminium plate under various temperature(°C) 



 

Temperature (°C) Cracking  Extension 

40 NO NO 

50 NO NO 

60 NO NO 

70 NO NO 

80 NO NO 

90 NO NO 

100 NO NO 

110 NO YES 
Table 2 : Result for Steel plate under various temperature(°C) 

 

Temperature (°C) Cracking  Extension 

40 NO NO 

50 NO NO 

60 NO NO 

70 NO YES 

80 NO YES 

90 YES YES 

100 YES YES 

110 YES YES 
Table 3 : Result for 3D printed plastic plate under various temperature(°C) 

 
 

Density of Aluminium = 2700 kg/m^3 
Density of Steel = 7850 kg/m^3 
Density of 3D printed plastic = 1250 kg/m^3 



Experiment 2: Test the Thermal stress on Certain Materials 

 
 
 
Discussion  
 

After carrying out the experiment, we can concluded that the 3D printed plastic is not a                
suitable material to use to build the FSAE air intake. This is due to some obvious reasons as the                   
3D printed plastic start to show defects such as body extension and bending at temperature of                
70°C. It is very easy to bend and has a “jelly-like” characteristic when the 3D printed plastic is                  
above 70°C. The normal engine operating temperature is between 80-95°C. The 3D printed             
plastic extend exponentially when the temperature is at 100°C. If failure occurs in the system, the                
temperature of an overheating engine will exceed 120°C. This extreme temperature will            
completely deformed and melt down the 3D printed plastic. 
 

 
From left to right : A deformed printed plastic under 80°C, A printed plastic without any deformation 

 
Steel is the strongest material in the three materials that we have tested. It shows a little                 

bit of extension when it heated up to 110°C. The surface temperature of the steel is hotter than 



aluminium and 3D printed plastic when it took out from the oven but it cools rapidly over time.                  
This is because the heat capacity of the steel is lower than aluminium and 3D printed plastic                 
which means that less energy is required to increase the temperature by 1°C. Besides the minor                
extension on the after its heated, there are no any other defect on the steel plate such as bubbling,                   
cracking or bending. 
 

Aluminium plate shows a little body extension when its heated to 100°C. The aluminium 
plate retracts back to its normal length when it left to be cooled in room temperature. The                 
aluminium plate also appear to have a slight bending above 90°C. This is because the bottom of                 
the aluminium plate is covered and does not receive the same amount of heat as the top of the                   
plate while heating in the oven. Expansion occurs greater on the top surface than the bottom                
surface, thus, bending occurs. Steel performs better than aluminium under thermal stress. Steel             
does not show any surface bending after a 10N is applied to it while aluminium shows a visible                  
bending. 
 
 
Error analysis 
 

Zero error may happen as the reading of Vernier calliper is not 100% accurate. Therefore,               
it will affect the reading of the thickness of the material used when absorbing the heat inside the                  
oven. This is due to different thickness of material have different heat capacity. Secondly,              
random error may happen as some heat loss when opening and closing the door of the oven.                 
According to 2nd law of thermodynamics, heat transfer from high quality to low quality, so, this                
may affect the heat absorbed by the material and the result after taking out for observation                
purposes. Thirdly, systematic error may happen because the heat transfer such as conduction will              
be occurred from the molecules of the material to the molecules of the metal tray. Besides,                
random error like the temperature of the oven is not very consistent when experiment was               
conducted. This may cause the results vary to the theoretical results as the temperature is               
different from time to time. Finally, one of the potential random error in this experiment is                
human reaction rate. This is because different individuals have different reaction rate. If the              
person who is conducting this experiment records a longer time, the heat transferred from the               
oven to the material tested will be higher. So, the results may be varied to the theoretical result. 
 

 
 
 
 
 



Conclusion and recommendations 
 

After conducting the experiment, it was concluded that steel has the least defect when              

exposed to heat from 40-110 °C. Aluminium comes in next to be the second strongest material in                 

our three materials being tested. It shows a little extension when taking out from the oven at                 

100°C and retracts back to its original length rapidly after it’s being cooled in room temperature.                

The 3D printed plastic materials has to be the weakest material in our material testing because it                 

start to show some bending at 70°C. It starts to crack at 90°C which means the intermolecular                 

bond within fibrous polymer strand has broken. The condition of the 3D printed plastic at 90°C                

or above is very soft and can be easily reshape into another form with an external force.  

After considering all the factors, we concluded that aluminium is the best materials to use               

to build the FSAE air intake. The reason is because it can withstand high temperature and it is                  

lighter than steel. Although steel can hold its shape better than aluminium at high temperature               

but its heavier than aluminium by 2.9 times which is not desirable to use to build the FSAE air                   

intake because the aim is to use a lighter material to build the car so it can have a quicker                    

acceleration on the track. The 3D printed plastic will not be considered to use as a material to                  

build the FSAE air intake is because it cannot withstand heat well enough.  

There are few recommendations that can be done to improve this experiment. First and              

foremost, the materials that being heated should only supported at its corners. This is to prevent                

the bottom plate from being covered so that the equal amount of heat is being exposed to the top                   

and bottom surface while being heated in the oven. Secondly, the materials should being              

observed as quickly as it took out from the oven. This is to prevent the materials from being cool                   

under room temperature and causes it to divert back to its original length if there is any changes                  

occur to the material. 

 

 

 

 

 



Calculation on the design of FSAE Air Intake 

Helmholtz Resonance Theory 

 
Where,  
RPM = Engine RPM 
162 = constant incorporating unit 
C = Speed of sound (ft/s) 
V = Displacement of engine per cylinder (in^3) 
L = Runner Length, in 
A = Cross sectional area of runner 
R = Compression ratio of the engine 
 

 

● Figure: These are the data that calculated by using Microsoft Excel. 
 
 
 



Calculations for Pressure Drop 

 
● Figure: The numbering for calculation on FSAE Air Intake. 



 

 
Percentage Difference between the inlet and outlet of FSAE Air Intake is 1.38%. 
 
 
 
 
 
 
 



Final design 

 
● Figure: These three model are the final design to present on Engineering fair. 

 
Model 1: 

 
● Weight of 2.58kg 
● Has a runner length of 168.87mm (6.648inch) 
● 1.106kg excluding the throttle body 
● Peak Volumetric Efficiency of 12k to 12.5k RPM 
● A very high C.G when throttle body is added 

●  

 



Model 2: 

 

● Similar to previous design 
● Runner Length 217.92mm (8.58inch) 
● 1.61kg excluding throttle body 
● Peak Volumetric Efficiency @ 10,500 to 10,800 RPM 

 
Model 3: 

 

● Circular Centric Design 
● Runner Length:66.53mm (2.691 inch) & 186.98mm (7.36inch) 
● 2.58kg theoretical weight 
● Uneven Runner length 
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Return on failure  
 
Making mistakes and failing is an integral part of learning. Failures and mistakes can be the 
result of accidents, ignoring instructions or regulations or ignoring basic laws of nature. Failures 
can also be a result of trial and error when the correct answer or the right solution does not exist 
or has not been discovered yet.  
  
Failures are often a source of very valuable learning. For us to reap the full benefit of the failures 
we encounter and mistakes we make, it is necessary for us to see failure as an investment that we 
can seek return over. This form is named Return on Failure and is designed to help you analyse 
your failure and grow. Let us start!  
  
Complete the sections below. You may expand the space and use diagrams and pictures as 
necessary 
 

Describe the failure or mistake that you are analysing 
 (Describe whether the mistake or failure is physical, technical or otherwise. If the failure was 
done during a trial and error process, describe the cutting edge that you are exploring as well. 
The failure may happen while you are testing a new process or device or while you are trying a 
new skill. Use pictures, sketches and diagrams if necessary)  
 

1. Technical failure - During the printing of the prototype, a layer shift occurred during 
the 3D printing process of the prototype which resulted in part of the model being 
displaced. 

 



 
The top part of the plenum is displaced from the rest of the intake 

 
2. Technical failure - Wrong equation used while calculating the pressure difference. 

Measurement is less accurate using calculations and prediction. 
 

3. Experimental failure - While conducting the thermal stress experiment, the 
experimental data that we obtained has a huge difference to theoretical data.  

 
 
 

Examine what was the Root Cause of the failure  
(Ask 5 Why questions starting with “Why this failure happened?” if the answer is the failure 
occurred because of “X”, as “Why X happened?” and repeat this 5 times. This will yield the 
Root Cause of the failure)  
 

1. One of the possible root causes for this error is that vibration of the printing machine 
whether from external sources or due to the movement of the machine itself has caused 
the layer of the intake to shift while printing. 



 
2. While doing the hand calculations for the air intake. Reynolds number was not taken 

into account when determining the use of the bernoulli's equation. With the lack of 
Reynolds number, consideration of flow type in not included into the calculations. This 
caused the hand calculations to be inaccurate compared to the simulations data. 

 
3. While conducting the thermal stress experiment for different materials, the temperature 

of the materials dropped very quickly as when we took it out from the laboratory oven. 
This has affected the results as the materials are not conducted at the specific range  of 
temperatures. 

 

Are there any other ways that you could have failed to achieve your objectives?  
(Here try to predict other ways that failure could have also happened)  
 

1. Another possible failure could have occured due to the different designs of each intake. 
While there may not be errors with each design by itself, problems may occur if the 
dimensions of the intake designs exceed the printing capabilities of the 3D printing 
machines. This will result in numerous design changes that may have been unnecessary 
if this error had been known prior to the printing process.  

  
2.  

 
 

Describe how you will use the insight above so that you eliminate or minimise the possibility 
of failure in the future. 
 

1. Proper supports and the printing process should be taken into consideration even during 
the design phase. To prevent errors like these to happen again, proper research and 
precautions should be carried out, like investigations into the possible errors or 
problems that might occur for 3D printing. Thought has to be given to the entire 
manufacturing process so that all potential causes of failure can be minimised or 
throughly eliminated. 

 
2. Proper time management could have helped in this project. With proper time 

management, prototype of the failed print would have been able to be reprinted in time 
for presentation. With proper time management the team could also have discussed 
further the calculations required for the research. 

 
3. For the thermal stress experiment, the materials that has been heated up in the 

laboratory oven should have put in a near vacuum chamber to prevent or minimise heat 
loss. 

 



What are the other key learnings from this failure?  
 

1. Complete and thorough research and precautions has to be undertaken so that no 
unexpected failures will occur. As a result of some oversight and unexpected failures at 
the end of the manufacturing phase, there was no time to reprint the design. This could 
have been avoided if the failure was discovered sooner or if there was a backup 
solution prepared beforehand. 

 
2.  
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