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Abstract
The following report will outline the importance of Computer-Aided Engineering in modern day industry. It talks about the properties that it has and how they are applied day-to-day, from bridge constructions to small engine components. 
A piston study completed in ANSYS is used to display how Computer-Aided Engineering may be applied to simulate the expected or known conditions of a component, and how it will behave. It gives an excellent indication of a materials suitability for certain functions and where improvements can be made to its geometry. The report will briefly propose potential improvements for the piston, which will come directly from looking at the stress and thermal results from the study in ANSYS. 
It is not a perfect tool though, and limitations such as user competence, software differences and computer capabilities will be discussed, before a final evaluation is made on how strong or weak Computer-Aided Engineering is as an engineering tool.
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[bookmark: _Toc122268691]Introduction
[image: ][image: ]Relatively speaking, using computer-aided technology in engineering is a very new concept, considering we have been engineering on Earth as early as 400BC with water wheels and water mills (Suson, 2020). We can now use the sophisticated software we have become accustomed to in 2022, to simulate a range of conditions which components of different functions are going to be put under. From car pistons to steel frame bolts, to turbine exteriors, being tested for their thermal, structural, kinematic, tensile loading properties, and much more. [bookmark: _Toc122269040]Figure 1 - Component undergoing Mechanical Testing

Nothing can truly prepare components for the real-world conditions they will face, but Computer-Aided Engineering (CAE) can help give accurate predictions into what will and what will not work, saving time, money, and materials in the process as any glaring faults can be identified at the simulation stage and adjusted, rather than the potentially tedious process of manufacturing a prototype and testing it, adjusting by hand every time.  [bookmark: _Toc122269041]Figure 2 - Example of CAE used to simulate conditions on a bridge frame structure

In this report, using the CAE software ANSYS, an engineering assembly will be put into ANSYS and tested using realistic conditions. From this, recommendations can be made for any adjustments any individual parts in the assembly may benefit from, to make the component last longer or function more effectively and efficiently. The report will also discuss potential limitations with CAE, along with meshing, boundary conditions, material selection, and more. CAE will be evaluated as to its usefulness as a tool for engineering.

[bookmark: _Toc122268692]Limitations
The CAD/CAM software we are familiar with today can largely be traced back to the 1950s and Patrick Hanratty and Ivan Sutherland. By the 70s it had moved from 2D design to 3D design and further accelerated with developments such as AutoCAD and Pro/Engineer, making such testing software more accessible and widely used in a range engineering disciplines (Cohn, 2010). It has revolutionised engineering for thousands of companies, who can now test huge varieties of iterations of their products on a computer, making tweaks, before they consider manufacturing it. 
[bookmark: _Toc122268693]User Competence
There are limitations to this being used in industry, and these should always be kept in mind when considering its use, the first of these being the user. The user of a CAE kit will determine its usefulness. Someone with limited knowledge and poor application of the software, will not get the most out of it, and could even do more harm than good if they input incorrect data. CAE will not make a poor engineer any better than a good one, so in that regard, CAE is limited. 
[bookmark: _Toc122268694]Different Software Capabilities
As mentioned, over the years a number of companies have each developed their own engineering software. So much so, there is a mass to choose from. They may be tailored to certain disciplines and are often sold in licensed packages to companies. This can mean a certain element of a design may be neglected due to the software package being less strong in that area, and this is just something many companies will have to deal with. Also, even though the different CAE software will return very similar results, they will unlikely be the exact same, even when using the same parameters. Despite this being a limitation to the use of CAE, the use of tolerances and known error percentages can negate the impact on a final design.
[bookmark: _Toc122268695]Material Selection
Material selection is key to getting the desired results in CAE, changing materials can dramatically change the outcome of a simulations results as materials all react differently. There are different materials packages out there, like Granta EduPack which has key conditions of thousands of materials, from cast iron, to aluminium, to wood. This information could slightly vary from site to site, so it is worth bearing in mind when accounting for errors. In ANSYS, it is possible to create materials with any conditions to help with this. But it again is down to the user to input these variables, so the software is only as capable as its user. 
[bookmark: _Toc122268696]Computer Error
Despite having built-in features to prevent a run continuing if there is a significant error in the inputted data, certain errors may not be considered by the software, and will return a seemingly sound result when actually it is inaccurate. There is also the capability of the computer being used, which must be good enough to import designs and run simulations. In the worst case, it may cause a computer to crash, losing the data inputted which would be very costly and time consuming. 
[bookmark: _Toc122268697]Not the Real World
There is no getting away from the fact that however sophisticated technology gets, it is not the real world. The industry has evolved, and the software now gives a fantastic estimation of how a component will behave in place, under all of the theoretical conditions possible. However, there will always be variables, or a combination of variables and conditions, which can arise from the most unlikely of scenarios, or it could be something that the people creating the software have not thought of. 


[bookmark: _Toc122268698]Chosen Assembly
[image: A screenshot of a computer

Description automatically generated with medium confidence]The assembly picked for this report is a power transmission system, which has four main components: crankshaft, connecting rod, gaugeon pin, and piston. They are commonly seen in car engines as a main component of the main power system. Being in such an environment, the components will be under intense conditions in many forms like forces, pressures, and temperatures. The components must also do this quickly and consistently, it is common in most mid-size cars that a range of 550-750 RPM is a recommended idle speed (Car Super Care, n.d.). This means that a piston in a common car, not even a super car, will likely be travelling up and down up to 750 times per minute at an idle speed, which is 12.5 revolutions per second. This reinforces the point that these components must be durable and manage high stresses and strains, not to mention the increasing thermal conditions. [bookmark: _Toc122269042]Figure 3 - View of Power Transmission System in ANSYS

[bookmark: _Toc122268699]Piston
The specific part that the ANSYS simulation will look at is the piston. This is a good component to look at and test, as the constant combustion that it comes under many times per second, is going to lead to wear and tear. This can be looked at in ANSYS, with structural and thermal studies done on it which simulate the typical conditions in an internal combustion engine (ICE). 
[image: Graphical user interface, application
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[bookmark: _Toc122269043]Figure 4 - View of Piston in ANSYS



[bookmark: _Toc122268700]Validation
Validation is key to an engineer being able to trust CAE. Through doing calculations manually it is possible to check the accuracy of CAE and generally whether it is doing what you want it to. Essentially, the big simulations where different iterations are tested are purely upscaled calculations that could be done by hand, but of course would be much more time consuming. 
This validation involves a cantilevered strip assembled of two metallic strips of identical geometry but of different materials. One material is Copper, and the other Invar. The properties of these materials are also given on the sheet and despite ANSYS having built-in materials in its database, the material creation function was used to ensure the best accuracy of results was allowed. 
[image: Graphical user interface, application
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[bookmark: _Toc122269044]Figure 5 - Validation Sheet for Cantilevered Bimetallic Strip
The simulation involved the strip being fixed at one end, with a 100N load evenly distributed across the beam, Copper side down. The result was a deformation which increased the further away from the fixed support. 
[bookmark: _Toc122268701]Meshing
[image: Graphical user interface, application, Word

Description automatically generated]ANSYS provides sophisticated automated meshing to a model, which can be altered to the users wish. The more refined a mesh, the more accurate a result can be, especially in regions where the data changes quickly, like a stress trap. The payoff for high refinement of meshes is the increased time it will take for ANSYS to calculate a result. [bookmark: _Toc122269045]Figure 6 - Deformation Result using 1.5mm mesh
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Description automatically generated][bookmark: _Toc122269046]Figure 7 - 0.15mm meshes in finer detail
[bookmark: _Toc122269047]Figure 8 - Deformation of Strip tested with 0.15mm mesh

In the case of this report, looking at the validation example used, it is possible to see the effect that having more, smaller meshes can have on the final results. As you can see from the zoomed image of the strip, the mesh sizing is much smaller, in this case the meshes are 0.15mm, opposed to 1.5mm in the first example. This mesh refinement is not particularly necessary for such a simple cantilevered beam simulation with a simple geometry, but the results do show what difference they make, however small. 
The maximum deformation for the strip tested with larger meshes is 7.1228mm. Whereas the exact same simulation done with the more refined mesh shows a total maximum deformation of 7.1206mm, a difference of just 0.0022mm. Using the analytical deformation from the Dlubal validation, an error percentage of 0.031% (to 3 decimal places) is reached. This highlights both the negligible nature of the mesh sizing in this case, as well as validating ANSYS in this application. 





[bookmark: _Toc122268702]ANSYS Analysis
This section will discuss the analysis of the assembly in ANSYS, it will go through the material chosen with its properties, along with structural, kinematic, and thermal studies. 
[bookmark: _Toc122268703]Material Selection
The complete system is a combination of 2 materials, Structural Steel and Cast Iron HT200. Within ANSYS, there are materials embedded in the software, already fully defined. However, in some cases it may be easier to create a new material in ANSYS so that you can have the exact conditions you want for the simulations.
In this case, specifically for the piston, Cast Iron HT200 was chosen as the material, a plausible material selection, despite not being the most commonly used. Different variables including Young’s Modulus, Density, Coefficient of Thermal Expansion, Thermal Conductivity, and Poisson’s Ratio were inputted to the new materials section, with the data taken from Granta EduPack.
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Description automatically generated]Structural Study[bookmark: _Toc122269048]Figure 9 - Side view of Piston stress
[bookmark: _Toc122269049]Figure 10 - General view of Piston stress with stress values
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[bookmark: _Toc122269050]Figure 11 - Top view of Piston stress
[bookmark: _Toc122269051]Figure 12 - Bottom view of Piston stress







The results of the static structural study shows a very even distribution of the stress loads on the piston across 1 second. This could be due to error with the input into ANSYS, or due to the difference in material, with Cast Iron HT200 having different properties to grades of Aluminium or Structural Steel. In any case, using the results from the simulation, the higher stress regions seem to be very small, with one at the lip at the top of the piston and higher stresses also towards the lower hole for the gaugeon pin. 
[bookmark: _Toc122268705]Thermal Study
[image: Graphical user interface, application

Description automatically generated]The thermal study was also done for a 1 second time step. It shows an even gradient of temperature, from its peak at the top of the piston (389.65 °C), to its lowest at the bottom of the piston (112.61 °C). This is representative of the conditions that a piston would be under thermally in a common ICE. [bookmark: _Toc122269052]Figure 13 - General view of Piston thermal and temperature grade

It is encouraging to see the temperature reduce by 277.04 °C in a relatively small component. This encouragement is in both terms of material selection and the design of the piston. The thickness of the top of the piston provides both strength and sufficient material for the heat to be reduced by the time it gets to the bottom of the piston. The thin cylinder where the gaugeon pin is positioned has a thin exposed area, which would be more vulnerable to elevated temperatures, so again it is encouraging to see that the lowest temperatures are there. 
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[bookmark: _Toc122269053]Figure 14 - Top view of Piston thermal
[bookmark: _Toc122269054]Figure 15 - Bottom view of Piston thermal

[bookmark: _Toc122268706]Summary of Proposed Improvements
[bookmark: _Toc122268707]Thicker Gaugeon Pin Cylinder Point
One potential improvement that could improve the durability of the piston is the bottom cylinder, where the gaugeon pin would be placed, could be thicker. The structural test showed that there were higher regions of stress there, so thickening the region could limit the impact of each revolution, if only slightly, therefore lasting longer. There is an argument against though, with the mass of the piston increasing, as well as changing the weight distribution can affect the performance of the entire system. This would have to also be simulated, looking at the kinematics of the system as a whole with the changes in situ.
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[bookmark: _Toc122269055]Figure 16 - Piston with outline over area for improved thickness
[bookmark: _Toc122268708]Fillets along Outer Edge of Piston
[image: Graphical user interface, application

Description automatically generated]These sharp edges could be improved by the use of fillets to smoothen them and make them less susceptible to cracking. 
The small added mass to the piston would be negligible and could again increase the life of the piston. There is extra machining that would go into the manufacturing of the piston, which would decrease production too, which is also something worth bearing in mind when deciding whether this small change is worthwhile.

[bookmark: _Toc122268709]Conclusion
CAE has been used for many years in engineering and will continue to do so, being developed and improved with every model made. It has vastly streamlined engineering processes, meaning the time from drawing to manufacturing has been reduced, saving money and excess materials in the process. 
CAE is and will always be only a tool in engineering, it will not be a replacement to mean testing can be bypassed, but it is a major help. Although it can be a tremendous tool in engineering disciplines, it is only as good as the person trying to use it. People unfamiliar with the software, or with a lack of engineering knowledge would struggle to even get started, and would likely not notice if the assessment has yielded a suitable result. The emphasis on user input does limit it to wider audiences, but those capable of using it correctly will find it invaluable, as they can make tweaks to models to help improve its durability, efficiency, strength, thermal properties and much more. All of this done while reducing the waste that would be resultant of doing mechanical test upon test. 
There are potential improvements from things that hold it back. For example, relying too much on CAE can blind engineers from real world scenarios. And no matter the many inputs a computer can combine, there will always be something out there that no one at any stage will have accounted for, so it is always important to keep that principle in mind. 
However, as a tool for engineering CAE has revolutionised the way parts are assessed and therefore manufactured. It has saved likely billions of pounds and millions of tonnes of excess waste from material testing since its creation. It is one of the most valuable engineering tools an engineer has at their disposal.

References
Azizi, S., 2021. Centrifugal Pump. [Online] 
Available at: https://grabcad.com/library/centrifugal-pump-129
[Accessed 12 December 2022].
Car Super Care, n.d. What RPM Should A Car Drive At? - Ultimate Guide. [Online] 
Available at: https://carsupercare.com/what-rpm-should-car-drive/
[Accessed 15 December 2022].
Cohn, D., 2010. Evolution of Computer-Aided Design. [Online] 
Available at: https://www.digitalengineering247.com/article/evolution-of-computer-aided-design/#:~:text=While%20they%20may%20seem%20new%20to%20some%2C%20many,geometry%20in%20the%2016th%20and%2017th%20centuries.%20
[Accessed 15 December 2022].
Moniz, P. G. &. O., 2005. Practical Centrifugal Pumps. [Online] 
Available at: https://web-s-ebscohost-com.ezproxy.uwtsd.ac.uk/ehost/ebookviewer/ebook/bmxlYmtfXzEyMzQyNl9fQU41?sid=23871152-3909-413c-a115-3f221d7baa56@redis&vid=0&format=EB&lpid=lp_III&rid=0
[Accessed 12 December 2022].
Suson, E. E., 2020. The History of Engineering. [Online] 
Available at: https://hankeringforhistory.com/the-history-of-engineering/
[Accessed 8 December 2022].
ZB Pump, 2021. Eight body materials of centrifugal pumps. [Online] 
Available at: https://www.zoompumps.com/article/eight-body-materials-of-centrifugal-pumps/
[Accessed 13 December 2022].


 

[bookmark: _Toc122268711]List of Figures
Figure 1 - Component undergoing Mechanical Testing	1
Figure 2 - Example of CAE used to simulate conditions on a bridge frame structure	1
Figure 3 - View of Power Transmission System in ANSYS	4
Figure 4 - View of Piston in ANSYS	4
Figure 5 - Validation Sheet for Cantilevered Bimetallic Strip	5
Figure 6 - Deformation Result using 1.5mm mesh	6
Figure 7 - 0.15mm meshes in finer detail	6
Figure 8 - Deformation of Strip tested with 0.15mm mesh	6
Figure 9 - Side view of Piston stress	7
Figure 10 - General view of Piston stress with stress values	7
Figure 11 - Top view of Piston stress	7
Figure 12 - Bottom view of Piston stress	7
Figure 13 - General view of Piston thermal and temperature grade	8
Figure 14 - Top view of Piston thermal	8
Figure 15 - Bottom view of Piston thermal	8
Figure 16 - Piston with outline over area for improved thickness	9




image3.png




image4.png




image5.png
O | O Nearlythere.. X | G ACHAG010 Structural Desi X | @ Assignment - AndrewNol X | [ GA36cLevel 6 x | ll Picsdocx x|+ — a X

C o (3 https:/teams.microsoft.com/ #/school/tab:{f3411af-adad-45d5-a41d-445dd727ab3c/ACHAG010%20Structural% A {8 G &« .
Bl Qa (ew& C QA Q@@ St KMode- FTEE D@ ® P& [Cipbord~ [Empty] @Extend~ O SelectBy~ @ Comvert Q
Model
22022 1128 .
.
&
+
7 x
2
0.000 0150 0.300(m)
— ] GD

0075 0225





image6.png
(D Muttiple Systems - Mechanical [ANSYS Mechanical Enterprise] - X
File Edit View Units Tools Help
@ i | FSoe ~ @NewAnalysis - 2/Showkros 1A 8 [0 2 (X @~ NS
FAYL-ARARERER & STQQ Q@A 8| 0O
7 ShowVertices g Close Vertices 011 (suto Scale] @RWireframe | TgshowMesh sk B Random D Preferences
©Size + @ Location ~ [ Convert ~ <> Miscellancous v @b Tolerances 5 Clipboard ~ [Empty]
2 (cReset Bplodefadon f———————— pemopCenter
1 Edge Coloring A Pl FlThicken
Model | @ Construction Geometry | i Vitual Topology | (@] ymmetry | . Remote Point @ Fracture | @ Condensed Geometry | @ Mesh Edit @ Mesh
Outline »
e Name B
i H
Project A
Hodel (84,04)
8 Geometry
) Maters
X Courdnate Systems
i Comectons
B Mesh
-7(@] Transient (85)
724 Arclyss Sttings
77 Jomt -Force
-7l Solution (86)
3] Souton Informaton M
Detail of "Model (B4, D »
=] Fiter Options
Control [Enabled
= tighting
mbient [0.1
Diffuse |05
Specular 1
Color 000 40,00 ) Y
—
2.0
Geometry {Print Preview ) Report Preview, ]

[ 7Messages _[NoSelection

H P Type here to search




image7.png
0078 - Bimetallic Strip
Description

A metsi ormposed of the v s copper. Th et en o the imacac st
e an the igh nd e, aded by empersture Gfernce T, ccording o Figurs 1. Whie

neglecting selfwelght, determine the deecton v, of the bimetalic s (ree end. The
prtiem s descrbc b the folowng et o parametrs.

- u





image8.png
D A: Static Structural - Mechanical [ANSYS Mechanical Enterprise] - X
File Edit View Units Tools Help Solve v (@ New Anslysis ~ 2/ ShowErrors 8 @~ i ©
3 LEAdIEIOREY Qaxmngs| 0
7 Show Vertices 5 Close Vertices 0.1 (Auto Scale) R Wireframe K M Random @ Preferences
<>Size v @ Location + (@ Convert v <> Miscellancous + @ Tolerances || [ Clipboard + [Empty]
Explode Fador.  f————— Assembly Center N Edge Coloring + A P I Thicken
Result 07(utosal v @~ B~ @ F | 8 @ | DProbe | Dby scopedBodies  +
Outiine ®
o tatic Structural
Sl Name _ Total Deformation
2 b 8l Type: Total Deformation
/B8l Materils ~
X Coondinate Systems Time: 1
&/ Comectons 16/12/2022 15114
&,/@] Contacts
/¥, Contact Region 7.1228 Max
B vesh 63314
&2 Static Structural (a5) 554
Analysi Settings 47485
Fixed Support 20571 ’E_
78y Thermal Conditon 21657
ERvE) Em () 2373
Soluton Informaton
1.5628
8 Tote Defomaton . A
0 Min Z
Details of “Total Deformation”
=/ Scope v,
Scoping Method | Geometry Selection 000 40.00(nrm)
Geometry Al Bodies 7000
= Definition
Tpe Total Deformation Geometry {Print Preview \ Report Preview, ]
B Time Graph 2 Tebular Data i3
Display Time Last Time [s] [V Minimum [mm] [[v" Maximur
dentifer
Suppressed o
= Resuts
Minimum 0.mm v < >
(1 Message |No Selection Metric (mm, kg, N, 5, mV, mA)_Degrees 1

H P Type here to search

B0 MG





image9.png
@ A: Static Structural - Mechanical [ANSYS Mechanical Enterprise] -

Fie Edit View Uits Tools Help o+ @New Analysis + 2/ShowEros A 6 [0 (R [@~ iy @
LN LEAdIEIOREY QaXxngea| 0
¥ ShowVertices g Close Vertces 0.1 (ut Sl R Wireframe K M Random @ Preferences
>Size v @ Location v [@Convert ~ ) Miscellaneous + D Tolerances || [ Clipboard + (Empty]
Bxplode Fador.  f———————————  assembly Center Ml Edge Coloring ~ A Pl I Thicken
Resut 07(utoScld v @v B~ @v ¥ | 8 B | GoProbe | DPEY  scopeaBodies v
Outiine [
= tatc Structural
Bl tome = Total Deformation
Bar=a Type: Total Deformation
/5 Materis o | Uit mm
2K Coordnate Systems Time: 1
&8 Comectons T6/12/2022 15224

5@ comacs

8, ContactRegion
vesh
578 Sestmaunitnn
Anayss Settings
Fixed Support
78} Thermal Conditon 167
E-,/8] Solution (A6) 23735
/31 Solution Informaton

15624
8 Total Deformation = oroa
0 Min Z
Detsit of Total Deformation” »
=[scope -
Scoping Method | Geometry Seecion Oy 700G
Geomety i socies To00
= Detmnton
e et Deformation Geometry {Frin Preview N ReportPrevew, ]
B Time Graph 2 Tebular Data i3
Display Time Last ime 5] inimurn [mm] [V Maximurr
Coaite Tme it s Animatin. o >0 [ | EL * (il M ot | e
aenttier
suppressed o
= Resuts
Minimum 0.mm A < >

(@ TMessage [NoSelection Metric (mm, kg, N, 5, m, mA)_Degrees 1

P o
H £ Type here to search BT NG o B




image10.png
@ A: Static Structural - Mechanical [ANSYS Mechanical Enterprise]

File Edit View Units Tools Help Solve v (@ New Anslysis ~ 2/ ShowErrors 8 @~ iy @
5 @[5 & aa Qa®me s
7 Show Vertices  Close Vertices 0.1 (Auto Scale) B Wireframe A B Random @b Preferences
> Size » @ Location + [@Convert + < Miscellaneous v b Tolerances || B Clipboard + [Empty]
Bolode Fador, f———— pssembl Center W EdgeColoring ~ A Ml I Thicken

Result 0.7 (Auto Scale]
Outline

D W
)

Probe | Display

Scoped Bodies v

Fitter Name g
2 H
/53 aterins
X Coordnate Systams
58 Comectons
5@ Contacts
./ #, ContactRegion
8 ek
/2] static structural (A5)
ralyssSettnge
Fved suppart
789 Thermal Conditon
/@ solution (A6)
/3] Soliton Informaton
8 Tota Deformaton

Details of “Total Deformation”

= scope
Scoping Method
Geometry
=) Definition
Type Total Deformation
By Time
Display Time Last
Calculate Time History | Yes
Identifier
Suppressed No
=) Results
Minimum o.mm

H P Type here to search

Geometry Selection
Al Bodies

tatic Structural
Total Deformation

Type: Total Deformation
Unit: mm

Time: 1

1612/2002 15:24

7.1206 Max
63204
5538
47471
39550
31647
23735
15824,
079118
0Min z

L

Geometry (Print Preview) Report Preview; ]

S ——

000 2000 (mrm)
——
2000

Graph 2 Tabular Data 2
Animation |« D[ W 1| 20 Frames < [[Time 1 [%" Minimurm (mm] [V Macimurr
11 o. 7.1206
< >

(@ TMessage [NoSelection

Metic (mm, kg, N, 5, mV, mA) Degrees 1

B0 MG





image11.png
@ Multiple Systems - Mechanical [ANSYS Mechanical Enterprise] -

File Edit View Units Tools Help

T

7 Show Vertices 18 Close Vertices

& Size ~ @ Location + (@ Convert = < Miscellaneous = @b Tolerances

Explode Fador:  f———————  sembly Center

-®-B-@®-
»

Result 10 (rue Scale
Outine

Fiten [ame E
H
ansysssetiogs
3% Remote Force

1.1e:004 (Auto Scale)

@ i | FSohe v @ NewAnalysis v 7/ ShowErors 1A 8

@~ i @

BRE ¢ Sea@a@aAa R e s O

R Wirerame X B Random ) Preferences
F= Clipboard v [Empty]
W Edge Coloring + A bl

D @ | EDProbe | Display [Scoped Bodies  ~!

| Thicken

ANSYS

R19.2
Academic

H P Type here to search

5, Mament
% Remote Force 2
5 oments 1.5821e8 Max
5 pressure 140688
=2 Imported Load (C6) 1.2314e8
=1 Imported Body 1.056e8
RV 880687
D s 7053287
Total Deformat
5295627
@ cavntste fd
0 3 1792387
387255 Min
Details of ‘Equivalent Stress” %
Sseope z
Scoping Method Geome. 0.000 0.040 0.080(m) .
Geomety A og. o 00&
= Defnition
Type caunal.|  I\Geometry (PrintPreviev \Report Previen; ]
B Time Graph # Tabular Data i3
DispiayTime |t
Animation |«f B> W 0 1 | [20 Frames <] [2sectautar Time [5] [V Minimum [Pa] [[¥ Maximun [Pa] [V Avera
Calculate Time History |Yes 1]1. 3.8725e+005 1.5821e+008 7.7152e+1
aentiter
Suppressed o
= Integration Point Results
Display Option. Averag...| ¥ < >
[ 6Messages [N Selection Metric (m, kg, N, 5, V, A) Degrees rad/s

1425

L=ED I S




image12.png
@ Multiple Systems - Mechanical [ANSYS Mechanical Enterprise]

File Edit View Units Tools Help @ =i | FSove v @ NewAnalysis v 2/ShowErrors 18 @~ iy @
fe BEE & SeAQ QEQ0E e s O
7 Show Vertices B Close Vertices  1.1-004 [Auto Scale] B Wireframe 2K B Random ) Preferences
> Size v @ Location v [@Convert + <> Miscellaneous + @ Tolerances || [ Clipboard + [Empty]

Explode Factor:  f————————— Assembly Center Ml Edge Coloring v A [l I Thicken

Resut 10(wesal) - @v Bv @ | @ W | DPobe | DsP |scopedBodies <!

Outline [

Fikter: [Name E
H
AndyssSetings
8 Remote Force
5, Mament
% Remote Force 2
5 oments 1.5821e8 Max
5 pressure 140688
=2 Imported Load (C6) 1.2314e8
=1 Imported Body 1.056e8
RV 880687
D s 7053287
Total Deformat
5295627
@ cavntste fd
0 3 1792387
387255 Min

Details of ‘Equivalent Stress” %

Sseope v
Scoping Method Geome. 0.000 0.040 0.080(m) .
Geomety A og. o] ]

= Defnition
Type caunal.|  I\Geometry (PrintPreviev \Report Previen; ]
B Time Graph # Tabular Data i3

DispiayTime |t
Animation [« P> W | 20Frames + 2secauto) Time <] [V Minimum [Pa] [V Maximum [Pa] [[V" Avera
Calculate Time History |Yes 1]1. 3.8725e+005 1.5821e+008 7.7152e+1
aentiter
Suppressed o

= Integration Point Results

Display Option. Averag...| ¥ < >
[ 6Messages [N Selection Metric (m, kg, N, 5, V, A) Degrees rad/s

H P Type here to search

1424

LE=EDE I




image13.png
@ Multiple Systems - Mechanical [ANSYS Mechanical Enterprise]

Fie Edit View Units Took: Help @ =i | FSove v B NewAnslysis v 7/Showrors 1 i @~
4 BRE st aaa@aaLng a0

7 Show Vertices 18 Close Vertices
< Size + @, Location ~ [ Convert + < Miscellaneous v @ Tolerances
Explode Fador:  f——————————  scsemby Center

110004 (o Scale) - @ Wieframe A B Random @ Preferences
F= Clipboard v [Empty]

1 Edge Coloring +

A bl

| Thicken

Rett 10(esaly  + @+ B @< 7 | & m | @erobe | Dsplor [scopedsodies
Outine »
Fiter: [name. E
A @8 8
73\ Analysis Settings A
i remterorcs Time: 1
5, Renoterarce
- Roniioet ey a2
% remoterorce 2
S v 1.5621e8 Max
P pressure 1406868
=2 Imported Load (C6) 1.2314e8
21 Imported Body 1.056e8
RV 880687
3 s e el
Tota Defomat
52997
8 canentste e
< 5 1.7923¢7 z
387255 Min
Detsit of “Equivalent Stress
=[scope
Scoping Method Geome. 0000 0030 0.060 ()
Geomety BT o e
= Detmnton
e Cauvar.| | \Geometry (Prnt Preview ReportPreven; ]
B Time Graph 2 Tabular Data 7
DsplayTime __Last Animation [« B+ M | |[I0] ] | 20Frames -+ 2secuta) Time (1 [[¥ Minimum (Po) [[¥ Meximum [Pa) [V Avera
Calaulate Time History |ves 1. 387256005 1.5821+-008 7.7152e+1
aenttier
Suppressed o
= ntepration Paint Results
Display Option Averag...| V' < >
[@ 6Messages  |No Selection Metric (m, kg, N, 5, V, A) Degrees rad/s

H P Type here to search

1425

BoO M oo B




image14.png
@ Multiple Systems - Mechanical [ANSYS Mechanical Enterprise] -

File Edit View Units Tools Help

T

7 Show Vertices 18 Close Vertices

& Size ~ @ Location + (@ Convert = < Miscellaneous = @b Tolerances

Explode Fador:  f———————  sembly Center

-®-B-@®-
»

Result 1.0 True Scale]
Outline

Fiten [ame E
H
ansysssetiogs
3% Remote Force

1.1e:004 (Auto Scale)

@ =i | FSove v B NewAnslysis v 7/Showrors 1 i

@~ i @

BRE ¢ Sea@a@aAa R e s O

R Wirerame X B Random ) Preferences
F= Clipboard v [Empty]
W Edge Coloring + A bl

D @ | EDProbe | Display [Scoped Bodies  ~!

| Thicken

ANSYS

R19.2
Academic

H P Type here to search

5, Mament
% Remote Force 2
5 oments 1.5821e8 Max
5 pressure 140688
=2 Imported Load (C6) 1.2314e8
=1 Imported Body 1.056e8
RV 880687
D s 7053287
Total Deformat
5295627
@ cavntste fd
0 3 1792387
387255 Min
Details of ‘Equivalent Stress” %
Sseope v
Scoping Method Geome. 0.000 0.040 0.080(m) .
Geomety A og. o 00&
= Defnition
Type caunal.|  I\Geometry (PrintPreviev \Report Previen; ]
B Time Graph # Tabular Data i3
DispiayTime |t
Animation |«f B> W 0 1 | [20 Frames <] 2seciauto) Time [5] [V Minimum [Pa] [[¥ Maximun [Pa] [V Avera
Calculate Time History |Yes 1]1. 3.8725e+005 1.5821e+008 7.7152e+1
aentiter
Suppressed o
= Integration Point Results
Display Option. Averag...| ¥ < >
[ 6Messages [N Selection Metric (m, kg, N, 5, V, A) Degrees rad/s

1425

LS =EDET I}




image15.png
@ C: Steady-State Thermal - Mechanical [ANSYS Mechanical Enterprise]
File Edt View Units Tools Help 9 -

3 BE®

7 ShowVertices g Close Vertices 011 (suto Scale]

S~

& Size ~ @ Location + (@ Convert = < Miscellaneous = @b Tolerances

Explode Factor:

—
®-E-@-

Result 0. (Auto Scale)

D W

Outiine [
Fifter: Name. B
2 > H

B vesh A

/2] Steady-State Thermal (c5)
=5 Inta Temperature
4 Aniyss Settings
] Convecton
9y Convection 2
9y Convection 3
9y Convection 4
9y Convection 5
9y Convection 5
E-,/@ Solution (C6)
/31 Solution Informaton
789 Temperature

Details of “Temperature”
= scope
Scoping Method | Geometry Selection
Geometry All Bodies.
=) Definition
Type Temperature
By Time
Display Time Last
Calculate Time History | Yes
Identifier
Suppressed No
=) Results
Minimum 11261°C v

H P Type here to search

solve + (@ New Anslysis » 7/ ShowErrors t 6
SR\ ERQ

@ Wireframe

Assembly Center

@ -
O-

]
A BIRandom @ Preferences
5 Clipboard ~ [Empty)

1 Edge Coloring +
Display.

A bl

| Thicken

Probe

Scoped Bodies.

ANSYS

R19.2
Academic

389,65 Max
35887
32800
2073
26652
23574
20496
17417
14330
11261 Min

000 50.00(mrm)

25,00

Geometry {Print Preview ) Report Preview,

Graph. 2 Tabular Data

Animation

>m

I | 20Frames

| ﬂ ime [s] [V Minimum [*C] [[v" Maximum [

11261 38965

<

10 No Messages _[No Selection Metic (mm, kg, N, 5, mV, mA) Degrees 1

15:42

[ S =EDET I}





image16.png
G C: Steady-State Thermal - Mechanical [ANSYS Mechanical Enterprise] - X
File Edit View Units Tools Help Solve ~ (@ New Analysis » 2/ShowErors 1 if [0 [ @~ iy ©
B estaae@aarng s 0
7 Show Vertices 1 Close Vertices 0.1 (Auto Scale) ¥R Wireframe K M Random ) Preferences
& Size » @, Location + @ Convert = < Miscellaneous ~ @ Tolerances || [ Clipboard + [Empty]
Explode Fador  f——————————  accemby Center 1 Edge Coloring A Pl I Thicken
Result 0. (Auto Scale @®-B-@- 7 | ® ® | Drrobe | Diphy  scopeatodies -
Outline »
teady-State Thermal
e Name B Smohue
LT o s
B vesh o | tniwtc
72 Steady-State Thermal (C5) Time: 1
=0 Initial Temperature. 16112/2022 15:41
Anyss Settings
By comecson 389,65 Max
9y Convection 2 25887
9y Convection 3 32809
9y Convection 4 2973
9y Convection s 26652
79y Convection s 2574
= ,@Em‘n«ﬂh 20496
Soluton Informaton
17
78 Temperatre . .y
11261 Min
Detail of “Temperature”
=/ Scope. v
Scoping Method | Geomelry Selection 0% 5000(mrm) "
Geometry Al Bodies 00
= | Definition
Type Temperature Geometry {Print Preview ) Report Preview, \
o Time Graph ® Tabular Data
Display Time | Last e
Animation 11| 20Frames - MFMFMwwm
aentitier
Suppressed o
= | Resuits
Minimum 26 C v < >
70/ No Messages _[No Selection Metic (mm, kg, N, 5, mV, mA) Degrees 1

T
BTN o B

I

H L Type here to search

om o SN -




image17.png
@ C: Steady-State Thermal - Mechanical [ANSYS Mechanical Enterprise]
Fie Edit View Units Took: Help 9 -

4 BRE @

7 ShowVertices g Close Vertices 011 (suto Scale]

& Size ~ @ Location + (@ Convert = < Miscellaneous = @b Tolerances

Explode Fadtor:  J—————————

Resut 0. (Auto Scale) ®-E-@- b

Outiine ®
Fiter. Name -
2 @84

S Mesh N

/2] Steady-State Thermal (c5)
=5 Inta Temperature
4 Aniyss Settings
] Convecton
9y Convection 2
9y Convection 3
9y Convection 4
9y Convection 5
9y Convection 5
E-,/@ Solution (C6)
/31 Solution Informaton
789 Temperature

Details of “Temperature”
= scope
Scoping Method | Geometry Selection
Geometry All Bodies.
=) Definition
Type Temperature
By Time
Display Time Last
Calculate Time History | Yes
Identifier
Suppressed No
=) Results
Minimum 11261°C v

H P Type here to search

Assembly Center

solve + (@ New Anslysis » 7/ ShowErrors t 6
SR QA QLR

@ Wireframe

5 Clipboard ~ [Empty)
N Edge Coloring +

Probe | Display scoped Bodies v

389,65 Max
35887
32800
2073
26652
23574
20496
17417
14330
11261 Min

@~
[mid
& B Random @ Preferences

A bl

| Thicken

ANSYS

R19.2
Academic

0.00 50.00{mm)
0
‘Geometry (Prin Previev \Report Previen;
Graph # TabularDats
Animation |«f B> W | 20Frames 5 M J¥ Minimum [C] [V" Maximum [
11261 36965
<
;0 No Messages [N Selection Metric (mm, kg, N, 5, mV, mA) Degrees 1

15:

L=EDTI A





image1.jpeg




image2.png
Nye
Evans

27th Dec 2000
BENGAF Energy &
Envionmental
Engineering

October 2019 Stst dul 2023

1907963 @studentuntsd.ac.uk

STUDENT

20190796 31

D) oigral © x| @8 Engineer X | b umesdse x | +

<« O @ & https//hwb. ¥

P Type here to search

lw  View Help

Prind ~
AaBbCcDd| AaBbCeDe | AaBl 1.1 AaBl 111 AaE 1 o o

TNomal | NoSpacng Hexding 1 Hesdng2 Heading3 's| | [\ ciers

| styles 5 eding

Wales Trinity Saint David
nru Y Drindod Dewi Sant

ol of Engineering

2 of Coursework

le Name and Code

= B

S || 2 Corepars
g V3
mes &





