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[bookmark: _Toc216630671]Introduction
This assignment presents the modelling, simulation, and analysis of an assembly in ANSYS. The study includes the creation of the assembly and joints, a kinematic (rigid dynamics) simulation, thermal analysis, and a static structural assessment. An optimisation section compares the effects of changing the piston head material from aluminium alloy to low alloy steel. A final validation test has been done to compare simulation outputs with a real case study.
[bookmark: _Toc216630672]Modelling and Assembly
[image: ]
Figure 1: Full Assembly
Figure 1 above shows the design chosen for this assignment, an Inline-Six with two full pistons. The second piston uses the same connecting rod, gudgeon pin, and piston head. The design was completed using SolidWorks CAD software, which allows for direct input into Ansys, where the simulation and analysis for task two will take place.
[bookmark: _Toc216630673]Joints
After opening the assembly in ANSYS, joints must be added to allow the model to move correctly during the transient (rigid dynamics) simulation. These include revolute joints and general joints.
Revolute joints to ground allow the crankshaft to spin freely on the Z-axis while restricting movement in all other directions. These joints do not require attachment to another body. This differs from revolute body-to-body joints; for example, the crankshaft-to-connecting-rod joint, which allows the connecting rod to rotate freely about the crankshaft on the Z-axis while restricting movement on all other axes.
The general joint is the only other joint used in this simulation. It is attached to the piston head skirt and allows the piston to move freely along the Z-axis while restricting all other motion, including rotation. This enables a smooth animation and simulates a realistic engine cycle. The joint is body-to-ground, so no additional body is required.
[image: ]
Figure 2: List of Joints
[bookmark: _Toc216630674]Kinematic Simulation and Structural Analysis
The previously loaded assembly is used here for multiple simulations with the aluminium alloy material. These simulations include a transient kinematic analysis, a steady-state thermal simulation (to be imported into the final structural analysis), and a static structural simulation.
Shown below in figure 3 is the layout of the Ansys Workbench.
[image: ]
Figure 3: Workbench Layout
Figure 4 shows the material properties of the aluminium alloy that is used in the study.
[image: ]Figure 4: Aluminium Alloy Properties

[bookmark: _Toc216630675]Kinematic Analysis
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Figure 5: Mesh on Piston Head
Above is the mesh used throughout the simulations. The main body uses a 4 mm mesh size, while the piston crown is refined to 2 mm using face sizing to give a more detailed mesh.
[image: ]
Figure 6: Analysis Settings for Transient Sim
Figure 6 shows the transient simulation settings. The default step end time of 1 s has been changed to 0.05 s, and auto-time-stepping has been switched off so the time step can be manually controlled. A smaller step gives a larger set of recorded results.
[image: ]
Figure 7: Joint Rotation Definition of Details
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Figure 8: Result Probe
Figures 7 and 8 show the rotational joint details. The crankshaft rotates at 4000 rpm, which is kept constant across all simulations and materials. Figure 8 also shows the result probe location, which is placed at the gudgeon pin.
[bookmark: _Toc216630676]Kinematic Output

Figures nine and ten below show the outcome of the kinematic simulation, this simulation shows the forces from the joint probe (figure eight), it shows the total force on each axis, and the force in total. There are too many cells to present them all in one image, however as we can see below the first total force is 2437.1N, the X axis (red) presents most of the force, as this is the direction the pistons are moving (up and down), with the y axis (green) exerting some force, which is from the slight movement to the side whilst the crank spins. The Z-axis exerts the least amount of force, being almost 0, and as we can see from the graph is a constant; the lack of movement along the z axis causes this, with the crankshaft rotating but not shifting backwards and forwards.
The piston reaches the peak (in this instance 2437.1N) as it begins to pull down. The force then decreases and from the animation it shows this is where the piston is not travelling up, and has reached the middle part of its decrease down the x axis. Then, as the piston falls further down, the force enters the negatives, showing the piston forcing the entire assembly down. The total force in this section ranges from 72.07N, with the force on the X axis being 8.5N; this is where the piston is on the midpart of its journey down, to -1396.1N on the X axis, and a total force of 1491.6N at the bottom before travelling back up again.
[image: A screenshot of a computer

AI-generated content may be incorrect.]As seen in figure nine, the Y axis acts like sine wave throughout, presenting the fluctuation of force as the crankshaft rotates, it reaches up to 630N at its peak, and indicates how much force is just through rotation on the Y axis.Figure 9: Output Graph





Figure 10: Output Table

[image: ]
[bookmark: _Toc216630677]Thermal Considerations
[image: ]After the kinematic study, the next step is simulating thermal loads. The piston head is selected for thermal analysis, and predetermined convection values (shown in figure 12) are applied. These values are kept identical for both materials so the comparison remains fair.Figure 11: Piston Showing Areas Affected By Sim


Figure 11 above shows the piston with the affected areas pf the simulation highlighted in yellow; using only convection for the thermal analysis, and also only looking for output of maximum and minimum temperature, the results from this will then be exported into the main simulation, allowing for a static structural study to be completed with thermal loads taken into account as per the assignment brief.



[image: A computer screen shot of a computer program

AI-generated content may be incorrect.]Figure 12: Convection Values






Above are the values that will be used for the piston head thermal simulation. As stated before these values will be used for both materials to keep the comparison fair.

[bookmark: _Toc216630678]Thermal Simulation Output

Shown below are the outputs from this thermal test; the heat (using the convection values) is then displayed along with the mesh onto the piston head. Figure 14 shows the actual results from this test, it presents a maximum heat reached of 301.06°C and a minimum heat of 163.07°C. The aluminium alloy presents good heat dispersion across the piston head, and the maximum temperature reached shows that aluminium alloy can withstand the temperatures of its surroundings very well.

[image: ]
Figure 13: 3D Display of Thermal Output


[image: ]
Figure 14: Results of Thermal Simulation






[bookmark: _Toc216630679]Static Structural Study
After connecting the engineering data, geometry, and model from the rigid dynamics to static structural in workbench (see figure three), and importing the loads from the thermal considerations, the next step is to run simulations for both equivalent stress (Von-Mises) and also total deformation; the other output will be the loads on the piston skirting as shown in figures 15 and 16.
[image: A black and white photo

AI-generated content may be incorrect.][image: A computer screen shot of a video game

AI-generated content may be incorrect.]These loads show direction of travel, as well as their values. With moments B and D showing Newtons per meter which indicates movement along the axis with force acting on the part whilst it is moving. These forces will determine the outputs in the stress and deformation simulation. There is also a pressure of 1.05-e07 bar pushing onto the crown.Figure 15: Values of Loads
Figure 16: Output of Loads in 3D Display






[bookmark: _Toc216630680]Deformation Output

Below in figure 17 is the total deformation acting on the piston with thermal loads being imported from the previous simulation, and with these loads the part will show different values of deformation at different sections.
[image: ]Figure 17: 3D Display of Deformation


[image: ]Figure 18: Outputs from Simulation







As shown in figure 18, the maximum deformation is 0.3mm, and the minimum is 0.005mm (these measurements are all in meters). As we can see from the 3D output, the deformation is at its highest point around the middle of the piston crown, with most of the high level deformation in this area. As it travels down to the parts that have been given a lower temperature from the imported loads, it is clear that the deformation then rapidly decreases from the top ring down to the oil ring, and then stays at a uniform deformation of around 0.041mm.
Where the gudgeon pin sits, the deformation ranges from around 0.1mm up to 0.25mm. The highest deformation comes from bottom of the pin boss reaching what looks like 0.29mm of deformation, the location of this deformation makes sense as this is where the forces will pull down as the crank rotates.
[bookmark: _Toc216630681]Stress Output
[image: ]Figure 19: 3D Display of Stress Output

[image: ]Figure 20: Stress Outputs


Figures 19 and 20 above show the outputs from the stress simulation. As shown in the 3D output, the crown down to the top of the oil ring is experiencing the minimum amount of stress, at 2.3MPa, and below the oil ring on the skirt and most of the underside of the piston is experiencing the same minimal stress, up to 600 MPa. 
The oil ring is where the stress increases the most, that being up to 2.7GPa. As we can see this is a major limitation with Ansys, the part may experience large or unrealistic stresses in the simulation because ANSYS does not know the actual conditions the part will operate in and can only calculate results based on the input data provided.

[bookmark: _Toc216630682]Optimization and Improvement
For this section there had to be an improvement over the previous design, to do this, the material of the piston head was changed from the aluminium alloy, to low alloy steel.
The reason for this choice of material is due to the fact that low alloy steel is used in modern high performance engine applications already, and made an interesting comparison between a high performance material and a general automotive material like the aluminium alloy.
[bookmark: _Toc216630683]Improvements and Comparison
The figures in this section will show the 3D display outputs and the corresponding output values. It will show some improvements and an interesting comparison between the two used materials. All input variables used in these simulations are identical to the simulations of the aluminium alloy for fair comparison.
[bookmark: _Toc216630684]Kinematic Output
As shown in figures 21 and 22 below, the forces acting on the material are actually higher than that of the aluminium alloy; the graph is the same as the aluminium alloy output due to the input variables being the same, however the range of force acting on the part is much larger in comparison, with the aluminium alloy graph ranging from -1396N up to 2441N.
Steel is much denser than aluminium, so the components become heavier when the material is changed, and low alloy steel has a higher density, higher mass and thus larger inertial forces in comparison to aluminium alloy.
[image: ]
Figure 21: Output Graph
[image: A screenshot of a graph
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Figure 22: Output Table
In figures 23 and 24 below is the 3D display of forces acting on the piston head, and also the force output values for different axis. Compared to the aluminium alloy the remote forces are much higher, with a difference of over 4000N in the first remote force and remote force 2 having a difference of just under 300N. The moment force is also more, with the first moment being 13N.m higher, however the 2nd moment is only 0.4N.m more.
[image: ]
Figure 23: 3D Display of Force
[image: ]
Figure 24: Force Outputs


[bookmark: _Toc216630685]Thermal Considerations
Shown in the figures below, the thermal simulation shows the maximum and minimum heat, which is not only a higher peak at 409.87°C, over 100°C more which indicates the low alloy steel will heat up much quicker than the aluminium, but a lower minimum too in comparison to aluminium alloy at 107.17°C which is over 50°C cooler, showing that even though it will heat up more at these higher temperatures, the heat dispersion is much more significant in the steel.
Comparing the 3D display shows the heat distribution across the component, and comparing this to the output of the aluminium (figure 13), the low alloy steel disperses heat better than the aluminium alloy, hence the green temperature (241.7°C) is much smaller than in the aluminium output, and there is more minimum temperature (107.17°C) at the bottom of the piston skirt in comparison to the aluminium.
The maximum temperature area on the crown is also smaller than in the aluminium output, as shown inn figure 25 below, the temperature is already decreasing before the first piston ring,  whereas in figure 13 the temperature does not drop until after the first piston ring.
Even though the maximum temperature is higher for the steel, the heat dissipates much faster than the aluminium.
[image: ]
Figure 25: 3D Display Output
[image: A computer screen shot of a rainbow colored object
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Figure 26: Thermal Sim Output Values

[bookmark: _Toc216630686]Static Structural Study
After importing the thermal loads to the structural study, and running the simulation, again with identical input variables as the aluminium simulation, it outputs the stress and deformation results, something noticeable is that the deformation is lower than the aluminium, which is a good improvement, and also the stress exerted onto the part is also smaller, which is another improvement. The outputs in figure 27 and 29 do not look anything like the outputs in figures 17 and 19.
[bookmark: _Toc216630687]Deformation Output
In figure 27 below, the deformation is in a completely different area than shown in figure 17. The deformation does not circle in the middle of the piston crown, however it creates a ring around the edge of the piston crown instead. Another difference is that the pin boss experiences little to no deformation, whilst the aluminium pin boss does experienced some small changes around the bottom of the boss.
Also, there is more general deformation around the skirt of around 0.11mm and this surrounds the entire piston skirt, which means the entire piston is essentially experiencing some sort of deformation; this could be due to the increased forces acting on the part compared to aluminium.
The maximum deformation is about 0.21mm which is almost 0.1mm less than aluminium, and its minimum is absolutely miniscule and is far less than aluminium’s minimum deformation.
[image: A computer screen shot of a computer program

AI-generated content may be incorrect.][image: ]Figure 27: Deformation Values
Figure 28: Deformation Output


[bookmark: _Toc216630688]Stress Output
In the figures below are the values and 3D display output for the stress simulation for steel. Again as mentioned before with aluminium, the limitation with Ansys are apparent, the maximum stress exerted across the component is 820 MPa, which is very little in comparison to the supposed aluminium output of 2.7 GPa, and both seem quite unrealistic.
Comparing these results to the aluminium results, the maximum stress is less here than on the aluminium; the steel has more force acting on it, deforms less, and also records less stress across the component than aluminium.
However, there is much more stress across the piston skirts again, whilst the aluminium piston has almost minimum stress across the entire component apart from the oil ring (see figure 19), the steel piston is experiencing mid to high levels of stress across the skirt and up to the oil ring which is similar to the deformation output, where there is a lower maximum and minimum output, however there is more deformation and stress across the body.

[image: ]
Figure 29: Stress on Piston Output
[image: ]
Figure 30: Piston Stress Values

[bookmark: _Toc216630689]Comparison Conclusion
Overall between the steel and the aluminium, it is clear that the steel is superior in terms of its heat dissipation, also even though the steel is experiencing higher forces, it deforms much less and also the maximum stress experienced on the component is less.
The steel is much more suited to short term applications though, as the stress and deformation clearly act across the entire component, whereas the aluminium experiences less stress and deformation across the entire region of the skirts.
[bookmark: _Toc216630690]Validation Testing
A simplified test case has been chosen in order to replicate and complete a test in Ansys which will allow for a comparison of real life tests and simulated tests, and also allows for a discussion into mesh sizing and its effect. The test case selected was that of a bimetallic strip. Shown below in figures 31 and 32 is all the information about the bimetallic strip, which then allowed for the replication in Ansys.
[image: A screenshot of a computer
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Figure 31: Bimetallic Strip 1
[image: ]
Figure 32: Bimetallic Strip Results
The figures above show all the information necessary to implement this into Ansys. Including the modulus of elasticity, Poisson’s ratio, and the coefficient of thermal expansion. Along with this we are also given length, cross section width, layer thickness, and thermal loading. Using these values and adding them into Ansys we can complete this as a simulation. 
Below are the different sizes of mesh used, from 0.1mm as the smallest up to a 4.9mm mesh as the biggest. As we will see from the results, the least accurate are the 0.5mm and the 1mm mesh. The most accurate was the largest mesh at 4.9mm. Because the test is very simple, the requirement for an extremely small mesh size isn’t necessary.
The analytical solution (in mm) for the real life test was (-)7.049, whilst the most accurate result from the solution was 7.1189mm. The least accurate was 7.123mm, which was the 0.5mm and 1mm mesh sizing, then the smallest mesh size 0.1mm had a result of 7.1203mm.
[image: ]
Figure 33: 0.1mm Mesh (Smallest Mesh)
[image: A long blue and green bar
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Figure 34: 0.3mm Mesh
[image: A blue and green gradient object
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Figure 35: 0.5mm Mesh
[image: A colorful cubes on a grey background
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Figure 36: 1mm Mesh
[image: A colorful cubes on a grey background
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Figure 37: 4.9mm Mesh (Biggest Mesh)

[bookmark: _Toc216630691]Conclusion
This assignment explored the modelling, simulation, and analysis of an assembly under kinematic, thermal, and structural loads. The aluminium alloy piston showed higher deformation and stress compared to the low alloy steel piston. The steel piston had higher inertial forces, and yet performed better structurally and thermally due to its material properties. The validation test confirmed the reliability of Ansys simulations for simplified cases and also showed the influence of mesh sizes and how they change accuracy. Overall, the study shows how the choice of material, heat conditions, and simulation settings can influence the predicted performance of the parts.
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Description

A bimetalic sipis composed o th invar'and copper. The left end of the bimetalic tip s
e, and therightend s e, loaded by temperauredifference T, according o Figure 1 Whil
negiecting slfweight,determine the deflecion v, of the bimetlicstip (free end). The
problemis described by th fllowing st of parameers.
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Figure 1: Problem sketch

v s ffomand ke with very b coficintof hemal exponsien.
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Analytical Solution

“The bimetalc stripis made of two metals with diferent coeffcents of thermal expansion. They are
frequentl used i nstruments 0 sense or controltemperatures. When the amblent temperature
s changing, the bmetallicstrip s bending. Thatis caused by the diffrent elongations o the used
metals.

“The analytica solution s based on the approach introduced i [1]. The following formula gives.
the dimensionless coefficient K, which can be used for the calulation of the equivalentstifness

K .“gu(g)k%(%)kf& @1

‘The maximum deflection of the bimetalic stip i then defined by the following formula

8oy 0)(t + LT -
o = SOSGUTILE 7009 08-2)

RFEM 5 Settings

 Modeled n RFEM 5.16.01
+ The miimum element szeis = 0.250 mm
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Figure 2: RFEM 5 results - Plate model
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