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[bookmark: _Toc30951231]Introduction
With the use of computational methods, optimizing an integral engine component can be made a lot easier and quicker for design engineers. The focus of optimization is focused primarily on components having a low mass to strength ratio, however when this is combined with the service life of some parts being compromised due to this. 
In this report, a CAD and FEA package has been used to improve the safety factor and decrease the stress which a KTM RC250R Gudgeon pin is subject to. The force put onto the Gudgeon pin will be from the gas force being exerted onto the piston from combustion within the cylinder and the high inertial force which is occurring at Exhaust TDC.
With the use of simple pressure equations and inertial force from acceleration, Solidworks motion simulation is used to transfer these loads to the corresponding components with their individual material properties. Once a motion simulation has been complete for both the 2 extreme cases of the engine firing at 14° ATDC and close to exhaust TDC 357°, the load the Gudgeon pin is subject to is imported into the Simulation FEA add-in in Solidworks. Once the results are found, 2 iterations of the original design have been created to improve factor of safety and decrease the stress in order to elongate the service period for the component in question.
Prior to carrying out FEA on the original component, validation of the reaction force which the piston and connecting rod are exerting onto the Gudgeon is completed within this report. At the end of the optimization the 2 iterations will be included into separate studies to see the effect of these changes in the assembly as a complete package.

[bookmark: _Toc30951232]Aims of this report
· 
· Measure and model the following engine components: Crankshaft, flywheel, connecting rod and cap, piston, big-end bearing, little-end bush, gudgeon pin, primary drive gear and engine casing comprising of cylinder and crank case.
· Assemble the engine components with very few redundancies
· Execute a Motion Simulation in Solidworks to find the correct loads to place on the Gudgeon pin
· Validate the motion simulation reaction forces at the 2 extreme cases mention in Section 1 of this report
· Analyse FEA results and design optimized iterations to reduce stress and increase safety factor.
[bookmark: _Toc30951233]Solidworks Motion Simulation Research
Solidworks is a program which enables the user to model components, create assemblies of multiple components, build a motion simulation to establish assembly operations and lastly analyse a component subjected to loads exported from a motion simulation or user defined. 
Concerning the current scenario of modelling and simulating the integral components inside an SI single cylinder 250cc engine, the reaction force and kinematic abilities of Solidworks enables easy interaction between the 3 stages of the optimization cycle.

Stage 1: CAD modelling of component
↓
Stage 2: Motion Simulation
↓
Stage 3: Finite element analysis (FEA)

Solidworks allows for the import of calculated motion simulation loads on the Gudgeon pin transferred from the piston. This reduces the risk of common user errors in using an incorrect load or applying this load in the wrong position and direction in accordance to the assembly. Using motion loads imported directly from the motion simulation will also establish the net forces which the Gudgeon pin is subject to, as the crank rotates and the connecting rod is reciprocating, this causes an inertial force which at points is acting in the negative and positive Y direction. These forces are negated from the gas force which is exerted by the piston on the Gudgeon pin as this is the net force relation seen in Equation 1.
[image: ]
[bookmark: _Ref30439464][bookmark: _Toc30951342]Equation 1 Fnet for Gudgeon pin


[bookmark: _Toc30951273]Figure 1 Gudgeon pin in piston and force distribution equation


[bookmark: _Toc30951234]KTM RC250R Gudgeon Pin Load Scenario
Prior to this report, it was established that there’s 2 extreme cases which the Gudgeon pin is subject to, knowing these cases will enable the user to save time instead of processing many frames of data and simulation results which will use up computer processing power and the time as aforementioned.
2 Extreme load cases within engines:
[bookmark: _Toc30951235]Inertia Force
This force is simulated by applying material properties to the components in the modelling stage, these properties are saved to the component which act in the motion simulation as the mass properties for the solver to calculate the inertia force. 
[bookmark: _Toc30951236]Gas Force from combustion pressure
During the combustion process there is an opposing force to the inertia which is in the form of gas being squeezed between the cylinder head and crown of the piston, causing a compressive force in the negative Y direction. Cylinder pressure from a Triumph Daytona 675R has been utilised and reverse engineered in order to match the power output of the KTM RC250R and validated with Malcolm Macdonald as appropriate data to use for this purpose.
[image: ]These 2 forces are in opposition as times to each other therefore creating a scenario where 1 force must be subtracted from the other and this is what the motion simulation will calculated for the user to prevent errors inputting the loads manually. 

[bookmark: _Toc30951274]Figure 2 Typical inertia force against gas force over crank angle


[bookmark: _Toc30951237]Methodology of Motion Simulation
[bookmark: _Toc30951238]Modelling Components
For the motion simulation the following components from the KTM RC250R M32 engine have been stripped, modelled and validated against the mass of the real component, in order to ensure the inertia force is correct and relevant. 
Traditional engineering methods to measure were used such as:
· Set square
· Vernier callipers
· Internal and external micrometer
· Radius gauge
· Digital angle protractor

[bookmark: _Toc30951239][image: ]Crankshaft[bookmark: _Toc30951275]Figure 3 Crankshaft component photo

[image: ][bookmark: _Toc30951276]Figure 4 Image of Crankshaft CAD model
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[bookmark: _Toc30951346]Table 1 Crankshaft mass validation

[bookmark: _Toc30951240][image: ]Flywheel
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[bookmark: _Toc30951277]Figure 5 Flywheel component photo

[bookmark: _Toc30951278]Figure 6 Image of Flywheel CAD model

[image: ][bookmark: _Toc30951347]Table 2 Flywheel mass validation


[bookmark: _Toc30951241][image: ]Connecting Rod
[image: ][image: ] 
[bookmark: _Toc30951348]Table 3 Connecting Rod mass validation
[bookmark: _Toc30951279]Figure 7 Connecting Rod component photo
[bookmark: _Toc30951280]Figure 8 Image of Connecting Rod CAD model

[bookmark: _Toc30951242][image: ]Piston
[image: ][image: ][bookmark: _Toc30951349]Table 4 Piston mass validation
[bookmark: _Toc30951281]Figure 9 Image of Piston CAD model




[bookmark: _Toc30951282]Figure 10 Piston component photo


[bookmark: _Toc30951243]Big-end Bearing
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[bookmark: _Toc30951283]Figure 11 Image of Big-end Bearing CAD model



[bookmark: _Toc30951244]Little-end Bush
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[bookmark: _Toc30951284]Figure 12 Image of Little-end Bearing CAD model

[bookmark: _Toc30951245][image: ]Gudgeon Pin

[image: ][image: ][bookmark: _Toc30951350]Table 5 Gudgeon Pin mass validation
[bookmark: _Toc30951285]Figure 14 Image of Gudgeon Pin CAD model




[bookmark: _Toc30951286]Figure 13 Gudgeon Pin component photo


[bookmark: _Toc30951246][image: ]Primary Drive Gear
 




[bookmark: _Toc30951287]Figure 15 Image of Primary Drive Gear CAD model

[image: ][bookmark: _Toc30951351]Table 6 Primary Drive Gear mass validation


The mass validation indicates that overall the combined masses of the components in Solidworks compared to the real physical assembly of components is 4% heavier therefore there can be an error allowed in the resultant inertia forces to account for this error which may be caused  by not having the exact material for the primary drive gear, gudgeon pin, flywheel and crankshaft. The remaining material properties have been obtained from PANKL Racing Systems, the manufacturer responsible for designing and manufacturing the KTM Moto3 engine components along with many other KTM engines using PANKL components along with famous high-end brands such as Porsche and Ducati.

[bookmark: _Toc30951247]Assembly Equations
[image: ]In order to allow for a simple swap of different engine components and the engine rig still be appropriately sized for the function, equations have been applied to all dimensions of the 2 components which make the test rig. The use of such equations is shown in Figure 12.[bookmark: _Toc30951288]Figure 16 Screenshot of equations input to Solidworks

[image: ]
[bookmark: _Ref30524598][bookmark: _Toc30951289]Figure 17 Image showing the equations used in the assembly

[bookmark: _Toc30951248]Assembly Mates
The way in which the mating process in the assembly is tackled is dependent on which components are going to have a force transferred through to another component. The only type of mates which can have a force graph created from and data collected is in a mechanical mate as this is where Solidworks is using a set of matrix calculations to solve this. Figure 13 is useful in order to see how many mates have been suppressed in order reduce the number of redundant mates which are displayed during the motion study stage.
The 3 parallel mates are used to keep the assembly in the TDC position before going into the motion simulation, this is the defined as default start of motion study.
[bookmark: _Ref30526311][bookmark: _Toc30951290]Figure 18 Image showing all mates in the assembly stage









[bookmark: _Toc30951249]Hinge2
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[bookmark: _Toc30951291]Figure 19 Hinge2 mate details
[bookmark: _Toc30951292]Figure 20 Hinge2 mate selections
[bookmark: _Toc30951293]Figure 21 Image showing Hinge2 mate

[bookmark: _Toc30951250][image: ]Hinge5
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[bookmark: _Toc30951294]Figure 22 Hinge5 mate selections


[image: ][bookmark: _Toc30951295]Figure 23 Hinge5 mate details





[bookmark: _Toc30951296]Figure 24 Image showing Hinge5 mate


[bookmark: _Toc30951251]Hinge6
[image: ][image: ][image: ]
[bookmark: _Toc30951297]Figure 25 Hinge6 mate details
[bookmark: _Toc30951298]Figure 26 Hinge6 mate selections
[bookmark: _Toc30951299]Figure 27 Image showing Hinge6 mate

[bookmark: _Toc30951252]Hinge9
[image: ][image: ][bookmark: _Toc30951300]Figure 28 Image showing Hinge9 mate

 


[bookmark: _Toc30951301]Figure 29 Hinge9 mate selections
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[bookmark: _Toc30951302]Figure 30 Hinge9 mate details
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[bookmark: _Toc30951303]Figure 31 Hinge 10 mate selections




[bookmark: _Toc30951304]Figure 32 Image showing Hinge10 mate

Mate location and load bearing faces have not been applied in Hinge10, this is down to the nature of the location of the mate as it is split across 2 surfaces and the mate location will not determine any useful data.

[bookmark: _Toc30951254]Motion Simulation 
[bookmark: _Toc30951255]Motion study settings
· Set total run time: 0.0086 seconds 
· Time taken for 720° of crank rotation at 14000rpm.
· Set total playback time: 10 sec
· This is the time which the animation will play for, so to summarise it will slow down the animation from running for only 0.0086 seconds.
· Set frame rate: 83500 FPS
· This is the number of frames per second required in order to get 1 frame per degree of crank rotation, this has been found experimentally repeatedly exporting force data to excel.
· Animation: Turn off animation during calculating
· In order to save time, animation during the calculation has been disabled and this halves the processing time.
· Rotary motor: 14000 RPM constant speed on crankshaft
· The speed which has been chosen is the rpm where the combustion gas force is greatest in the cylinder pressure data along with the most extreme inertial forces from the rotating mass of the engine assembly.
· Force: Data points gas force load from excel applied to piston top in downward direction
· The 14000rpm gas force which triumph have provided to Dr. Owen Williams have been manipulated in order to replicate those cylinder pressures seen in a highly strung 250cc single cylinder engine.
· Gravity: Put engine rig in gravitational field
· This will enable the force of gravity being 9.81m/s2 to be applied to the assembly to increase accuracy of the results,
· Create result plots: Force in little end and big end, piston position, piston velocity and piston acceleration
· These results plots have been chosen to aid the validation process of the forces applied in the motion study and general assembly motion validation.
[bookmark: _Toc30951256]Import Data Points Force
The force which has been applied in this study to the top of the piston acting downwards in the Y direction is from Triumph Daytona 675R cylinder pressure data provided by Dr. Owen Williams and a graph over time of 720° is displayed before uploading the force profile in order to check it is in the correct position. This function is called Data Points and consists of 720 points of data over the 0.0086 seconds taken to complete this motion.
[image: ]




[bookmark: _Toc30951305]Figure 33 Image showing the data points of gas force against time


[bookmark: _Toc30951257]Rigid Body Groups
To reduce the redundant nates which are present in assemblies with many components, rigid body groups are defined, they comprise of elements of the assembly which have a relation where they do not separate or have a motion path which ends up in the separation of these components. In this study the following rigid groups have been established, resulting in a total number of 2 redundancies. 
[image: ]Rigid Group 4
 
[bookmark: _Toc30951352]Table 7 Rigid Group 4 components
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[bookmark: _Toc30951306]Figure 34 Image showing Rigid Group 4 selections





Rigid Group 5
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[bookmark: _Toc30951353]Table 8 Rigid Group 5 components
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[bookmark: _Toc30951307]Figure 35 Image showing Rigid Group 5 selections


Rigid Group 7
[image: ][image: ] [bookmark: _Toc30951354]Table 9 Rigid Group 7 components









[bookmark: _Toc30951308]Figure 36 Image showing Rigid Group 7 selections




[bookmark: _Toc30951258]Motion Simulation Validation, Results and Analysis
[bookmark: _Ref30620217][bookmark: _Toc30951259]Motion Validation
In order to overlay the calculated acceleration of the piston and the Motion Simulation results for linear acceleration of the piston, the results from Solidworks have been exported into excel and divided by 100 to get from mm/s2 to m/s2. This output has been chosen to validate the motion study is performing in the most basic principle prior to creating a result graph for the Reaction Force seen in the Gudgeon pin. Piston acceleration has been selected as this has a direct impact on the inertia force which is calculated due to Equation 2 stating:
[bookmark: _Ref30616953][bookmark: _Ref30620516][bookmark: _Toc30951343]Equation 2 Newton's 2nd Law


The piston acceleration matching the calculated value is important here, if the inertia force is greater than calculated, the net force will be less and if it is less, the net force will be greater as a result of Equation 1 Fnet for Gudgeon pin.
[bookmark: _Toc30951361]Graph 1 Piston acceleration validation
This shows the inertia force which the Gudgeon pin sees at exhaust TDC will not be higher than calculated unless the mass of the SW model differs from the real part.

[bookmark: _Toc30951260]Motion Results and Analysis
To find the force which has been transferred through the piston to the Gudgeon pin through connections created called mechanical hinge mates with the mate locations specified and load bearing faces established, a reaction force graph in the mate between the Little-end bush and Gudgeon pin has been created. 
This anomaly has been put down to the fact that the motor starting off the motion simulation takes 2 frames to settle to its constant 14000rpm causing a decreased spike in force applied to the Gudgeon pin.
[bookmark: _Toc30951362]Graph 2 Reaction force in Gudgeon pin vs crank angle
This point of the motion simulation is where the Gudgeon pin is subject to the maximum force in the positive Y direction, which is defined as Exhaust TDC. (Extreme case 1)

Here is the maximum force which the Gudgeon pin is subject to in the negative Y direction under the force of combustion due to the force being imported as data points this is accurately presented. (Extreme case 2)


[image: ]
[bookmark: _Ref30616727][bookmark: _Toc30951355]Table 10 Extreme case data from motion simulation results

[bookmark: _Toc30951261]Methodology of FEA Study
The first step which has been taken to ensure the correct forces in the FEA model is Importing the motion loads for the Gudgeon pin at the specific frames which have been stated in Table 10. Two main cases have been formed called Extreme case 1 and Extreme case 2 which are from compressive forces and tensile in opposite directions of the Y plane in the Solidworks motion study.
You can carry out an FEA study on all 720 frames but this will be time consuming and not be beneficial for the purpose of this component as the 2 extreme cases are where the maximum loads in both direction will be applied so these 2 studies have been created. 
[bookmark: _Toc30951262]Gudgeon Pin Mesh
[image: ]The mesh created was at the finest setting, which is available as the standard curvature mesh, which is best to use for a cylindrical object. However, it was expected that the 2 end sections of the gudgeon pin which are in direct contact with the piston will experience all the force from combustion so these 2 areas have been refined using a mesh control to refine these 2 areas for accurate results from having more nodes, thus allowing a greater size of calculation matrix available. [bookmark: _Toc30951309]Figure 37 Gudgeon pin refined mesh
[bookmark: _Toc30951310]Figure 38 Gudgeon pin standard fine mesh







[bookmark: _Toc30951263]Fixtures
[image: ]The full engine assembly has a specific set of boundary conditions which make the FEA stage slightly simpler, the reason for this being that the centre part of the Gudgeon pin highlighted in Figure 34 can be treated as fixed geometry due to the nature of the conrod clamping this area of the Gudgeon pin therefore it allows for the FEA to be carried out in a static state therefore simplifying the model further and allowing for less time to calculate the stress, strain, displacements and factor of safety. 



[bookmark: _Ref30619180][bookmark: _Ref30619171][bookmark: _Toc30951311]Figure 39 Image showing Gudgeon pin fixed geometry

[bookmark: _Toc30951264]External Loads
[image: ][image: ]


[bookmark: _Ref30619892][bookmark: _Toc30951312]Figure 40 Gudgeon pin load selection from motion simulation
[bookmark: _Toc30951313]Figure 41 External loads applied to Gudgeon pin


Gravity
[image: ]The force defined as gravity is the pistons acceleration which is validation in Section 5.1. The calculated acceleration is 61837.19 as opposed to the 61,260.50 seen in Figure 37. This is where Solidworks gets acceleration for use in Equation 2 to include inertia forces as well as gas forces.




[bookmark: _Ref30620459][bookmark: _Toc30951314]Figure 42 Gudgeon pin acceleration gravity


Remote Loads
[image: ]The remote load which has been imported from the motion simulation 33,155.13, this is transferred from the gas force to the gudgeon pin and split into 2 forces equal on each side of the Gudgeon pin as highlighted in Figure 38. This force is the net force, the product of inertia being subtracted from the gas force.
[bookmark: _Ref30697420][bookmark: _Toc30951315]Figure 43 Gudgeon pin Net force

[bookmark: _Toc30951265]FEA Results and Analysis of Original Gudgeon Pin
[bookmark: _Toc30951356]Table 11 Alloy Steel Solidworks material properties






For this study Von Mises stress has not been used as this is a combined stress which takes both mean stress and shear stresses into consideration which Is not what is required to improve the compressive and tensile properties of the Gudgeon pin in these 2 scenarios. Von Mises is governed by Equation 3 which has been given by Malcolm Macdonald, 2019.
[bookmark: _Ref30626742][bookmark: _Toc30951344]Equation 3 Von Mises Stress


[bookmark: _Toc30951266]Extreme case 1 (Exhaust TDC)
[bookmark: _Toc30951357]Table 12 Original Gudgeon pin Extreme case 1 FEA results







These are the results from the FEA carried out at frame 718 (Exhaust TDC), the Stress plot is in the Y direction along with the Displacement plot as this is the realistic result to gauge what is occurring during this scenario, lastly the Factor of Safety is the minimum value found in the Gudgeon pin, this is the value which the optimized component should  adhere to.

[bookmark: _Ref30685384][bookmark: _Toc30951316]Figure 45 Original Gudgeon pin Iso-Clipped Stress plot (Case 1)
[bookmark: _Toc30951317]Figure 45 Original Gudgeon pin Stress plot (Case 1)






[image: ][image: ]The Gudgeon pin here is experiencing a compressive force and tensile stress, the red area shown in the iso-clipped plot shows the areas of concern, red being where the material is compressed and blue where the material is being stretched. These are the 2 areas where the maximum and minimum stresses must be reduced.[bookmark: _Toc30951318]Figure 46 Original Gudgeon pin Displacement plot (Case 1)
[bookmark: _Toc30951319]Figure 47 Original Gudgeon pin Deformed Displacement plot (Case 1)


As the piston is arriving at Exhaust TDC, this is shown in the displacement plot where the Gudgeon pin is being stretched either side where it is in contact with the piston centre bore and this is in the positive Y direction. This can be limited by re-enforcing the Gudgeon pin in the correct position.[bookmark: _Toc30951320]Figure 49 Original Gudgeon pin Safety Factor plot (Case 1)
[bookmark: _Ref30679078][bookmark: _Toc30951321]Figure 49 Original Gudgeon pin Iso-Clipped Safety Factor plot (Case 1)

The Iso-clipped plot in Figure 43 clearly aid the user in identifying which areas of the Gudgeon pin have a Safety Factor of 10 or less, this is where the Safety Factor has to be improved in the optimised component.
[bookmark: _Toc30951267]
 Extreme case 2 (Firing)
These results are from frame 375 (Firing), which equates to 14° ATDC, this is the most extreme case of loading which the gudgeon pin will be subject to. As with the results in Extreme case 1, the areas of concern are the positions which are highlighted in Figure 46 due to the moment of bending being created where the conrod is in contact with the piston.[bookmark: _Toc30951358]Table 13 Original Gudgeon pin Extreme case 2 FEA results
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[bookmark: _Toc30951322]Figure 50 Original Gudgeon pin Safety Factor plot (Case 2)
[bookmark: _Toc30951323]Figure 51 Original Gudgeon pin Iso-Clipped Safety Factor plot (Case 2)
[bookmark: _Toc30951324]Figure 52 Original Gudgeon pin Deformed Displacement plot (Case 2)
[bookmark: _Toc30951325]Figure 53 Original Gudgeon pin Displacement plot (Case 2)
[bookmark: _Ref30683678][bookmark: _Toc30951326]Figure 54 Original Gudgeon pin Iso-Clipped Stress plot (Case 2)
[bookmark: _Toc30951327]Figure 55 Original Gudgeon pin Stress plot (Case 2)

[bookmark: _Toc30951268][bookmark: _Hlk30689976]Design Optimization v1
In order to achieve the aims of this optimisation, the areas of concern must first be defined. The area of concern being at the closest point of the Gudgeon pin to the centre where the piston is in contact as this is creating a bending moment therefore allowing all shear stress to be applied here and less the further away from the centre that the nodes are. It has been deemed through experience and previous examples of Gudgeon pin design that the smaller the inner circle, the stronger the pin is to be at the points of high stress. The changes made to attempt to improve the components stress concentration areas have been identified in Figure 50 and Figure 51.

[bookmark: _Ref30685852][bookmark: _Toc30951345]Equation 4 Stress equation[bookmark: _Toc30951328]Figure 57 Original Gudgeon pin dimensions
[bookmark: _Ref30685524][bookmark: _Toc30951329]Figure 57 Optimised Gudgeon pin v1 dimensions
The optimised v1 Gudgeon pin has had the centre hole reduced by 0.56mm to increase the cross-sectional area of the Gudgeon pin in an attempt to decrease the stress in the areas defined in Figure 39 and Figure 48. In doing this, the force is spread out over a larger area, therefore less stress due to the relation in Equation 4.



[bookmark: _Toc30951269]Results of Optimized v1 Design
Due to the fact Extreme case 2 at 14° during combustion being the highest force which the Gudgeon pin is subject to, this is the only case which has been re-evaluated in order to check if the optimised component is an improvement from the basic principles applied. 
[image: ][bookmark: _Ref30687433][bookmark: _Toc30951359]Table 14 Optimised Gudgeon pin v1 results






The maximum stress which refers to compressive directional forces are reduced by 13% along with 18% reduction in the tensile directional stretch in the Gudgeon pin due to bending about its neutral axis. Figures below show the reduced stress. Maximum displacement has increased, whereas the overall average displacement has decreased dramatically, this implies 1 area is taking a lot of stress however it is unclear exactly where without a much finer mesh, this can be completed in further work.[bookmark: _Toc30951330]Figure 58 Optimised Gudgeon pin v1 Stress plot (Case 2)
[bookmark: _Toc30951331]Figure 59 Optimised Gudgeon pin v1 Iso-Clipped Stress plot (Case 2)


To ensure the part will not fail in an extreme case, Safety Factors are established in order to keep the optimised design to this guideline to ensure complete confidence of no failures. As it is seen in Table 14, the Factor of safety in the critical areas has not just stayed the same but increased, therefore the part can be confirmed as being in the same extreme case criteria as the original. This safety factor has been increased by 11%, this will enable the part to be used for longer between service intervals, thus saving money.

[image: ]
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[bookmark: _Toc30951332]Figure 60 Optimised Gudgeon pin v1 Iso-Clipped Safety Factor plot (Case 2)
[bookmark: _Toc30951333]Figure 61 Optimised Gudgeon pin v1 Safety Factor plot (Case 2)
[bookmark: _Toc30951334]Figure 62 Optimised Gudgeon pin v1 Deformed Displacement plot (Case 2)

[bookmark: _Toc30951270]Results of Optimization v2 Design
Further changes have been made to the optimised model in this summary chapter to show an overview of the trend where if the hole in the centre of the Gudgeon pin is decreased, the cross-sectional area is increased thus causing less stress. 
Figure 57 displays the change model to the model, a further decrease of 0.5mm in hole size, all other aspects stay the same in order to see the clear changes of the simple change in this model. 
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[bookmark: _Ref30690384][bookmark: _Toc30951335]Figure 63 Optimised Gudgeon pin v2 dimensions

[image: ][bookmark: _Ref30693057][bookmark: _Toc30951360]Table 15 Optimised Gudgeon pin v2 results


Table 15 showing clearly the trend of increasing the cross-sectional area of the Gudgeon pin decreased the stress in the areas of concern. The Gudgeon pin v2 has a total of 23% less compressive stress and 24% less tensile stress acting on it over the original design. The maximum displacement has increased marginally however, the overall average displacement has decreased as with v1. Lastly, the Safety Factor has been increased by a total of 12%, this is a 1% increase from v1 optimisation.

[bookmark: _Toc30951336]Figure 64 Optimised Gudgeon pin v2 Stress plot (Case 2)
[bookmark: _Toc30951337]Figure 65 Optimised Gudgeon pin v2 Iso-Clipped Stress plot (Case 2)
[bookmark: _Toc30951338]Figure 66 Optimised Gudgeon pin v2 Safety Factor plot (Case 2)
[bookmark: _Toc30951339]Figure 67 Optimised Gudgeon pin v2 Deformed Displacement plot (Case 2)
[bookmark: _Toc30951340]Figure 68 Optimised Gudgeon pin v2 Displacement plot (Case 2)

   
 
[bookmark: _Toc30951341]Figure 69 Optimised Gudgeon pin v2 Iso-Clipped Safety Factor plot (Case 2)

[bookmark: _Toc30951271]Conclusion
With the use of Solidworks CAD package including the Motion Simulation and FEA sectors of the software, the KTM RC250R Gudgeon pin made from Alloy Steel has had its design optimised in order to reduce the maximum stress which the part is subject to through the Extreme case of combustion which was established in the loading section of this report. Therefore, the aims of this assignment have been met. Another aim to meet has been to increase the Safety Factor of the Gudgeon pin and this has been done by increasing the overall cross-sectional area of the component.
The validation of the motion simulation has been a detriment to the accuracy of the results which are produced and then imported into the FEA stage. During the motion simulation stage, there are limitations in the form of how the component is fixed, this will allow for slight errors in the calculations however the way in which this study has been carried out is deemed acceptable for the purpose.
The Optimised v2 Gudgeon pin experiences a maximum of 24% decrease in stress, this is positive in the sense the component can last for longer and will take a greater number of cycles to reach its fatigue endurance limit. 
By decreasing the stress, the Safety Factor minimum is increased in the critical areas, which is an improvement due to the process ideally having an outcome which results in the same safety factor, this is the only problem with the design changes which have been carried out. Decreasing the hole size in the centre of the Gudgeon pin has increased the mass by a small %, this will therefore increase the force which is seen from inertia, the increase in inertia force will not be noticeable as this is such a small and light component compared to others which are taken into consideration in the motion calculations. 
To summarise, the use of Solidworks has improved the component and accelerated the rate in which the author has been able to optimise the Gudgeon pin to last longer and be safer to use.
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Component Material (kg) Real Mass (kg) SW Mass (kg)

Crank Alloy Steel (SS)2.95057 2.95863 0.3% Heavier

SW model is:
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Component Material (kg) Real Mass (kg) SW Mass (kg)

Flywheel Alloy Steel 0.18284 0.18704 2.2% Heavier

SW model is:
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Component Material (kg) Real Mass (kg) SW Mass (kg)

Connecting rod Steel Alloy 18CrNiMO7-6 245.67 246.79 0.5% Heavier

SW model is:
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Component Material (kg) Real Mass (kg) SW Mass (kg)

Piston Aluminium 4032-T6 156.00 154.23 1.1% Lighter

SW model is:
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Component Material (kg) Real Mass (kg)SW Mass (kg)

Gudgeon Pin Alloy Steel 38.16 38.39 0.6% Heavier

SW model is:
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Component Material (kg) Real Mass (kg)SW Mass (kg)

Primary Gear Carbon Steel 99.7 101.24 1.5% Heavier
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