University of Wales Trinity Saint David
School of Engineering
Pollution Control report
1801660
Energy and Environmental Engineering
02/12/2022
Environmental Pollution Control
Kian Evans

[image: Text

Description automatically generated]














[bookmark: _Toc122088508]Abstract
The purpose of this paper is to highlight the significance of computer aided engineering software since its growing use in the engineering industry over recent decades. This paper tests a real-life modelled system using this form of software in a computational environment. Within this paper, is a modelled product that consists of five smaller components that have all been developed with the use of the CAD software SolidWorks. The main point of this written report is placed on the development of thermal behaviour of functionally graded materials via the use of ANSYS on aluminium alloy piston surfaces. Furthermore, these components undergo a kinematic analysis under realistic operating systems. Via the method of using both ANSYS and SolidWorks, a piston component was created which is then further analysed in terms of structure, temperature and durability under realistic conditions. In order to create validation for this study, an opposing case study is chosen with similar circumstance to compare results and identify the limitations between the practical and case study.
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[bookmark: _Toc122088509]Introduction
Computer aided design sets out to support the procedure of a specific product in an engineering process. The most distinguished part of this process used in simulation analysis involves finite and thermal analysis alongside fluid dynamics. This software covers the design of the product, virtual simulation and analytic algorithms in regard to the manufacturing of this product. CAE is used amongst multiple industries but is highly prominent in the engineering side if the spectrum, this system not only helps design the desired end product but also supports the engineering process. This is done by the software offering forms of simulation to view the products physical properties and this way helps reduce the need of requiring a physical prototype.  In this particular case, the product concerns a piston. This particular piston is a component of IC-engines that factors for the moving part withheld by the cylinder and piston rings. Through research, it is clear that this piston hols its largest body of stress around the top of the piston and this is typically the factor inn fatigue defeat. Based on further conducted research as seen in the literature review, pistons are meant to withhold higher characteristics in terms of performance such as cooperating through high temperature levels. If deformation of piston structure was to occur, as mentioned above, stress would be caused on the top end of the piston which may result in a vertical break in structure. This report aims to set out how to resolve issues like this particular one by ensuring the piston has enough sternness on its body in order to eliminate chance of deformation to structure. This report will also mention the general limitations and opportunities of existing CAE software with specific detail to user preferences. 
[bookmark: _Toc122088510]

Objective
	The focal point of this written report is based on the application of computer aided engineering software to investigate problems such as fluid and structural. After the creation of components on this product, an ANSYS analysis will take place reviewing the simulated outcomes and specifying any room for improvement and discussion.
The following steps highlights what will be included in this report
· Study of literature review of various work reported
· A chosen case study that has undergone analytic development with mention to recommendations and implementations 
· CAD model of Piston is created in SolidWorks
· ANSYS analysis of piston
· Mention of thermal results and performance improvements
· General research surround CAE software
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Literature Review
Ghazaly, ELGwwad (June 2019) presented a study of stress distribution surrounding a piston using a mixture of coating material that varied in thickness in order to achieve highest gasoline engine performance. This paper reports that maximum stresses and deformation to the exterior of the piston decrease via an increase in coating thickness.
Yaohui Lu, Xing Zhang, Penglin Xiang, Dawei Dong (Nov. 2016) Conducted an analysis of the result in Thermal Temperature Fields including Stress under a fixed temperature field for the specific piston which in this case was a piston for a diesel engine. This paper offers a new perspective and analysis of the method used for the theoretical design of the piston. 
Similar to this, Mugammer Ceris, Mehmet Coban (2014) offer an analysis of a study on the ranging temperature and analysis of stress on a piston that has been externally coated with a ceramic aluminium to be used in a diesel engine. This paper portrays both factors of stress and temperature distributions on a plasma sprayed magnesia piston crown that will ideally upgrade the performance of a diesel engine.
Fabien Szmytka, M. Salem (2014) provided an analysis which covered the fatigue element of an automotive diesel piston. This study tested the thermal fatigue resistance of the piston and found that the fatigue bench allows the lading of the piston in the fatigue scheme is nearly identical to those in diesel engine operation conditions.
Nimbarte, Prof. S.D. Khamankar (Aug 2015) study concerns stress analysis of a piston with relation to the assumed pressure and thermal load. The focal point of this paper is to gain insight into the stress distribution of a diesel engine piston using real life conditions. The result of this paper highlights the parameter used for the analysis is operating gas pressure, temperature and material properties of piston.
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Validation case study
[bookmark: _Toc122088513]Executive summary 
The preliminary focus of this case study is based on discovering the optimum material for a piston based on the quality and economy with consideration to the material and dimensional issues (Shahanwaz Adam Havale et al, 2017). The thesis in this particular case offers a numerical method via the use of a FEM that calculates the thermal stress surrounding the piston due to the uneven distribution of temperature. The case discusses how thermal behaviour of particular materials with use of the CAE software ANSYS on an aluminium piston. Furthermore, a detailed stress analysis of a piston using the simulation software known as ANSYS is preformed alongside a FEA for the same piston model that is used in a typical diesel engine. This case covers various aspects such as the work involved in optimizing minimum thermal stress within the piston and a detailed computer aided design model of the piston itself using Solidworks. This case also included the FE analysis of the piston for various types of loading conditions such as:
1. Gas pressure (3MPa)
1. The initial temperature involving the top of the piston (200°C- 300°C)
1. Heat transfer coefficient
1. Frictionless support (Shahanwaz Adam Havale et al, 2017)

[bookmark: _Toc122088514]Findings
In terms of the results of method and ANSYS in this case study, it was discovered from the thermal analysis that the distribution of thermal mechanical stress is at a minimum in the Hyper Eutectic Alloy (Shahanwaz Adam Havale et al, 2017). Furthermore, the results of this case study highlight that this is not probable that this conclusion will noy case any form of structural damage to the piston. This is due to the stress being visibly lower than the yield limit of this piston material. In summary, this highlights the idea that this piston in this case study meets the strength requirements of its structure. Additionally, in terms of maximum stress, this case study piston was medium (94.07MPa) for the Special Eutectic Alloy ‘AISi18 CuMgNi’. Again, this is not probable to cause any form of deformation to the structure since its less than the stated yield limit (280 MPa). 
For the Hyper Eutectic alloy ‘AISi12 Cu4Ni2Mg’, the maximum stress resulted in being lower, so it once again won’t be probable for this to cause any plastic deformation as it appears to be less than the yield value limit of this material (Shahanwaz Adam Havale et al, 2017). Regarding thermal strain, the overall strain discovered would be considered at a minimum level. The maximum strain is variably higher being at 1.3396 mm/mm for the eutectic alloy which again did not show the possibility of causing any structural damage. In terms of the Special Eutectic alloy, the maximum strain is considered to be at a medium level being 1.249 mm/mm which like the other is not likely to cause any external or internal damage to the structure of the piston. For the Hyper Eutectic alloy, the maximum strain is at a lower level being 1.255mm/mm which once again is not probable to cause any form of structural damage to its body (Shahanwaz Adam Havale et al, 2017).
Discussion
After performing my own Ansys study we can see from my results the effect of thermal and structural load on automobile piston using 6061-T6 Aluminium as the material. For the same amount of pressure 6061-T6 has shown maximum deformation and equivalent strain, however von misses stress has minimum values for it. The other two materials show deformation and strain values less than that of Aluminium 6061-T6. However, under thermal load 6061-T6 Aluminium has highest heat flux and lowest temperature on piston head. Piston receives thermal energy generated via combustion and higher heat flux ensures quick cooling of component by quick drainage of thermal energy. Higher value of heat flux also marks dimensional stability which also signals creep resistance. 
These results can be seen in the figures below under title page, results.
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[bookmark: _Toc122088518]Material Selection
The production of pistons is an advanced process that derives from the forged high temperature resistant aluminium alloys. Basic aluminium alloys come with approximately three forms of variants. The first being a standard piston allot which is eutectic:
· Al-12%Si (This contains around 1 percent of Cu, Mg and Ni)
This brings us to the next variation, which is special eutectic alloys, these types of alloys involve higher strength duration at higher temperatures. Next, the Hypereutectic alloys, this alloy is approximately 18 percent Si providing the less thermal expansion qualities. This particular alloy tends to have a lower strength attribution in comparison to the first two alloys. The material chosen is 6061-T6. This high-quality aluminium is a hardened version that uses higher temperatures to increase its yield strength. The properties of this alloy are presented below.

Table 1: Properties of material
	Material 
	6061-T6

	Young’s Modulus 
	68 Gpa (9,900 ksi)

	Poisson’s Ratio
	0.33

	Coefficient Thermal Expansion 22°C
	2.36E-05 1/°C

	Thermal Conductivity 
	167 W/mk

	Specific Heat Capacity 
	0.896 J/g-°C
















[bookmark: _Toc122088519]Finite Element Method
Finite element method is a simulation-based technique that is used for calculating certain specifics of engineering structures. Some of these specific include strength and structural behaviour. The calculation performed by this technique involve the analysis of stress, vibration and deflection. During this method, the engineering structure is divided into small elements and each element undergoes a clear structure of equations in order to study the behaviour of each singular element. In total, each element is built back up resulting in one big description of knowledge for the whole structure in order to produce reliable calculations. The behaviour is extracted by the software in order to gain insight into the stress and deflection of each involved element. Finally, this analysis will be compared to other materials in order to discover the best option of material for the strongest structure.
[bookmark: _Toc122088520]Optimization using FEA
The process of FEA strategies can be highly optimized in engineering processes all over the world. This technique enables its users to not only enhance but develop a finishing product that will be cost effective and ready for industry-wide use. This technique offers a more cost-effective way of perfecting the product as it doesn’t require the use of extra materials and machinery. The product can be perfected without the waste of materials before it being fully developed. Not only does it offer the cost-effective benefits but also helps to ensure the prevention of stress concentrations and overall reach any desirable attribute. In terms of the methodology behind optimising this method, come two variations known as non-parametric and parametric. Parametric statistics assumes that sample data derives from a probability distribution. Furthermore, the natural shape is naturally identified by the software concerning heavy loads while also keeping the process cost-effective. An advantage of this approach regarding parametric is that modelling can be initiated from scratch without an original design.  Similarly, the structural metrics are optimized while minimizing the final volume. Optimization in finite elements can also be used via methods of optimizing grid locations in terms of shape or material properties (material optimization).
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Stress Analysis
The term stress analysis refers to the final study of the product under certain considerations. The purpose of this analysis is to maintain the interior stress within the recommended limits. Material characteristics can be predicted successfully through stress analysis. This is in place so that the economical design criteria can be optimize in order to improve the overall quality of the product.
[bookmark: _Toc122088522]Meshing
The technique of meshing refers to defining the geometric shapes using variations such as 1D, 2D and 3D perspectives. The finer the mesh is worked at, the more specific and accurate the end result will be. Not only is meshing responsible for the above but also for reshaping the irregular and unrecognisable shapes into a more recognised volume known as elements a mentioned above in the FEA methodology. 
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Figure 9
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Figure 1
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Figure 2
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Figure 3
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Figure 5












Steady State Thermal
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Figure 7
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Figure 8

CAE software
[bookmark: _Toc122088525]Limitations of general CAE software
	The general uses of computer aided engineering can be seen across many different industries and are initially used to gain engineering insight into projects. This covers the broad use of CAE analysis projects such as finite analysis, fluid dynamics and, multibody dynamics. The multiple CAE software are being constantly developed in order to improve process. Although the general use of CAE software is typically good, there are limitations that surround this process. This may concern issues such as hardware failure. Furthermore, malfunctions in the computing process could result in the disruption of any saved or unsaved projects. In addition to this, system updates could affect the engineering process. Frequent system updates tend to be required for the more common CAE software which could disrupt the project timeline. Another limitation to CAE software involves the concern of cost related issues. The cost varies between each of the software available with some offering a pay as you need scheme or even withholding a floating license for the software. However, these licences can run between £10,000 up to £100,000 per year. This takes us to the next point of research and development costs of the general CAE software options.
	In order to optimize the project in industry, the product itself needs to be profitable whilst also minimising the R&D costs. This cost load involves:
· the paid hours of the working engineers
· the standards of the engineering tools used within the process
· License for the CAE software in use
· HPC equipment and prototypes

These are just some of the R&D costs in volved in the general engineering project. Furthermore, CAE is a highly complex process that requires a particular level of skill for it to be fully optimized. This bring us onto the final limitation being staff/students training. Thorough training tends to be required for the use of such software and in terms of industry, further costs could be found in the training of staff for use of CAE operations.
	Below is a table created from analysing and research various CAE software in areas where they may thrive and where they may fall. Some of these aspects include process of fluid analysis, modelling tools and the overall ratings. Clear conclusion s can be drawn from this table with use of the highlighted aspects where orange indicates the software that got the lowest rating and green that stands for the software that shows the highest rating. This data was collected form an online forum of current engineering, students and business owners on their views on this selection of CAE software.
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[bookmark: _Toc122088526]Limitations of ANSYS
	Regarding general and personal critiques, ANSYS withhold a few limitations or areas where it can be improved. These include:
· The explanation of certain tools is not well explained in the ANSYS software. The detailed explanation of tools is provided for some but not for all which can lead to disturbed project timeline.
· The GUI interface of ANSYS can be ‘laggy’ at times which makes it difficult to fully perform without interruptions. 
· Ansys requires a high processing CPU as with the low processing, it requires more time and reacts slower. 
· Due to ANSYS being a simulation software, the requirement of higher RAM is prominent which may not be accessible to every user.
· The requirement of a better graphics system concerning the RAM as mentioned above is not very cost effective for students who don’t have access to a shared license to use the software.

[bookmark: _Toc122088527]ANSYS being optimised in design process
	Although ANSYS may house some limitations, the general use of this CAE software thrives in the engineering industry. This software offers engineers the opportunity to not only explore certain products but to also predict how these products will be optimised and work or fail. This software enables clients all over the world to innovate at a high speed and validate any design assumptions. Alongside this, users of ANSYS can develop and transform the products in this virtual aspect before it is produced in the real world. 

· 

[bookmark: _Toc122088528]Conclusion 

The distribution of temperature on the piston is complex; the highest temperature is in the combustion chamber bottom whilst the edge of the chamber is also high. Around the ring of the piston the temperature isn’t as high as the external heat dissipating capacity is small leading to small heating load. Overall, the temperature of the piston is fairly low. 
In Hyper Eutectic Alloy it can be seen that the distribution of the thermal mechanical coupling stress is minimum, for Special Eutectic Alloy (AISi18 CuMgNi) the maximum stress is medium (94.07 MPa). Although it is still not likely to cause structural damage or plastic deformation because the stress is far less than the yield limit (280 MPa) for a piston material. 
According to the results given from the thermal analysis, we can see that the thermal mechanical coupling strain is minimum in Special Eutectic Alloy and 6061-T6.
After comparing all points and the results given from the case study and the personal study it is clear that the 6061-T6 Aluminium is the best suited material for the piston. 






[bookmark: _Toc122088529]References

Cerit, M. and Coban, M. (2014). ǲTemperature and thermal stress analyses of a ceramic-coated aluminum alloy piston used in a diesel engine. International Journal of Thermal Sciences, 77, pp.11–18.
Lu, Y. (2016). Fatigue strength analysis of connecting rod bolt for large power diesel engine. Applied Thermal Engineering. doi:10.16579/j.issn.1001.9669.2016.04.032.
Nouby M, G. and Gamal Fouad, M. (2019). Evaluation-of-Gasoline-Engine-Piston-with-Various-Coating-Materials-Using-Finite-Element-Method (1). In: International Conference on Advanced Automobile Engineering and Application. International Conference on Advanced Automobile Engineering and Application.
Szmytka, F., Salem, M., Rézaï-Aria, F. and Oudin, A. (2015). Thermal fatigue analysis of automotive Diesel piston: Experimental procedure and numerical protocol. International Journal of Fatigue, 73, pp.48–57. doi:10.1016/j.ijfatigue.2014.11.011.

2

image3.png
B cousesrddramon:
Coumedrddrecs

Comesrane

-

-

-

PEi—

Fuidou-sensioneiTon)

Fu o)

P ou Pt e teshng)

Fudouroen)

FudFoupaion)

[ ———

Fdocyunichasene

e ———
B conoonrtssims

B sonsystan.

B ooz

aq

F

By 2
3 9 ceonery v
R 2
5 @ s v
5 @ s 2
7@ s v

apdomns Sy s rermal

Pl e verm— ]




image4.jpeg
%

i Q| sowe

#utemo
Gutine

 project

O 8 rosewa e

U Gy Trpors

H
R
2O tramsent 09
iy
5 o vty

. reerrc
7 verert
76 remoe race2
7 e
8. e
7B Imrietiond )
£ 78 soeon )

3 St s
0 o bt
® e

et f “Gugean Pirer
prtes

cteence Temserstre & Ensronmert
o/ ropertes

Systems DF - Mechanicl nsys

Bt JA N ([d 9@ &

" ot B | o S | e g e
i

Pom—

A
ax

o
[ B S

QAR & % O +QARAQ s Mot FBEDMER B & HCisbowd- (Enpty|| riend= 3 ety BComet~

oz





image5.png
o

“ix

1o w1 [IE

G| @t © seney @ Comen

samin)
i

<X
A [pscum (W QF = = e 47 s [ s [

"





image6.png
Systems D.F - Mechanics Ansys Mechanical Enterprise - 8 X
Home  Result | Display  Selecion  Automation  Adg-ons Quick L ~B 0
v Bt Commands Mimages~ 1.0 True Scale - @robe v/ Snap | 5P Throportional  BZelement algnea | T 1
O | | B e e et @ [l @[T oo | 59 Zime — =|M
Dukate Q| soh | AN s Ly BAmotitn | ) tage e Comours ST SO 406 | wan | | Congn Lezans | Beton worshesGaon et
| Cusling X QA (Bw& %= O+ QAAAAQ St KMode [TEEFHREME T E [ Cipboud- [(Empty] @stend- 9. Select by~ @ Comvert

r——
Tonl Dtornison
Type TowlDeformation

Timeils
w4270 1931

ooz s
e
peoed
o
PR
Pty
2% JontProde. 73085
= 380765
2 61
Y8 ricamann
b i
.
e oot 21
Sapratianos cunsinsascin os o son
= Sninaes o =
hoe o o= ~ B0 Thuun LI-L3
it L vt 14 » (W01 [E] [bames - [25ecthme <] B s e Jsa. [ e 7 e -
| Calcutate Time History Yes IR
i o1 Pt w
M s ranrie L





image7.png
II - ‘Spstems D.F - Mechanical Ansys Mechanical Enterpiise] - 8 %
Home  Resut | Display  Selection  Automation  AGg.ons. L ~R O
Epmed seiection [ Commands (Dimages~ 1.0 (True Sae) - WProbe v/ snop | =5 T hroportional | Eielement Aligned | | Une Form 3, an
O x| 8 B e B e e @ [ @[3 vl st Blassint o] |- = = |H
ouptate Q.| Sohe | AMMIS ¢ cpuny  chat B Amotstion | (vl targe vertes Contours CHOME ComoUs EOGES | g —_— v fozhes | Batotiom werksneet | Grapn Tz
= = = s e -
QABe& = C/+-AARAQ St KMode- TEEREEBME - F H [Cipboard- [Empty| Dxtend- 9. Sclect By~ W Comvert~
p—
T
2
o
1.206%0. “
o 4 ]
T2mes v 3
7% Jontprode. asen 8
R )
t
‘l
N
e
o T
[
e A o o5 s
= ——
i 14> (B> [0 [ <[zseums <] 8] @ W | e
| Calcutate Time History | ves. R R IR
oot i
e —— [,,
e |





image8.png
“ax

ra

r

2l

Empry] @Estens

AN

W
ety
AWyl

o o

i 2|7 Mo 16 |7 v £ [

-8 %





image9.png
~8

vEer - —

- 3ox

L chart Banotstion | Large Verex Contours C70THY COMouns F0ES g —t E
aa@e e £Q0@QQ we Kot BRE P8 Hows: (i) Gt Lickany: Bcomers .
e
Wit
.
fi
AV .
y : ;ﬁvﬁ[
5 M= R
e | 9
16026 ’ >
141140 4] K
K 4
K
b 4
WAL
% ;énﬁ'l‘* b
Vilge
\<_r'
o - - ¥
>/ Ev‘ ,jm: . Last nimation |« » W 20 Fra o am " L vv\e» yir:-‘m_m qQ
-

M e

il





image10.jpeg




image11.png
[ Ansys [ Fusion 360 [ MATLAB [ SOLIDWORKS
Design for CAE software /10
Modelling tools 8.1 9.1 8.4
Drawing tools 7.5 8.8 8.1
Editing tools 7.4 8.2 .
Rendering tools 7.7 8.0 7.9
Tools for CAE software /10
Fluid analysis 83 8.1
Finite element analysis 83 8.4 8.1
Multibody dynamics 8.0 8.3 7.8
Environment for CAE software /10
Hardware support 7.5 83 83
Task 7.9 8.7 8.2
Manage multiple projects 7.6 8.4 8.1
Overall ratings
Meets requirements 8.9 8.7
Ease of use 7.8 83 8.5
Ease of setup 83 8.6 7.7
Ease of admin 7.5 8.3
Quality of support 8.5





image1.png
Prifysgol Cymru
¥ Drindod Dew Sant

N University of Wales
Trinity Saint David




image2.jpeg
]
a

F+ES %

“ax

Proect
G Hodel (04, 50)

I b
-
8 Carmecns

By

758 Tramsent (05)

L i sengs

Dt of Vi
<[Dwpy

s e ecarical

iy

aa (el

ol ’

0-4QQ@AQ ik FEEDREEE TS

ey ® P @GO S S,

[ Cipbosra= (Empy] @ tend= 8 seetby- B Coman-

ams amam





