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1. Introduction
Model animation and FEA is at the forefront of today's simulation. 
We know that in the cylinder of an engine, the displacement and pressure values vary rapidly within a short period of time. The piston, as the moving part of the combustion chamber, is the heart of the engine.
This assignment simplified piston-link mechanism to a simple cam-rod model with a spring helping to simulate. At the first part of the assignment author will introduce the modeling about each part and show the process about assembling. After that a motion simulation will be demonstrated in order to interpret the setup of parameters. In finite element analysis, author will tranfer the load from motion simulation to FEA in order to compare the effects of different materials, different motor rotations and different spring parameters on displacement, stress and strain of the rod.







2. Basic modeling and assembling
To decide an assembly to build, considered of the more intuitive results, author believed that relatively simple assemblies were more aware of the motion patterns of components and had greater optimization potential. So finally a cam and spring model was determined to make.
2.1. Basic modeling
The first part was the baseboard. On sketch drawing, the total length was 300mm and had a width about 70mm. The angle on the figure was 30 degrees, with 40mm length each side and 190mm for the narrow section. 
[image: ]
[bookmark: _Hlk30884135]Figure 1  Basic settings with 15mm stretch on baseboard
[image: ]
[bookmark: _Hlk30884295]Figure 2  Fillets and cut-extrude on baseboard
Then followed fillet option with the radius of 5mm at the edge of the body. Made a cut-extrude order with 5mm depth and left 10mm for wall thickness.
[image: ]
[bookmark: _Hlk30884370]Figure 3  Two small walls on baseboard
Turned over the baseboard to build two small walls which could limit the rod just travel along Z direction. Both base sizes were adopted for 36mm*7mm and 25mm for height. The distance between first face to edge was 50mm, 25mm was the distance between faces of the two walls next to. 
[image: ]
[bookmark: _Hlk30884486]Figure 4  Fillets on two small walls
The next step was the fillets for two walls, which were 5mm as well and in symmetric condition.
[bookmark: _Hlk30884533]About through-holes on baseboard, the sizes were showed below and the 4 smaller holes were made by mirror option.
[image: ]
[bookmark: _Hlk30884550]Figure 5  Through-holes on baseboard
For the hole passing through small walls, the diatance from side wall to center was 6.5mm, the height from top surface of baseboard to hole center was 12,5mm, with a hole diameter for 15mm. Meanwhile, around the two small walls, a 1mm fillet was produced.
[image: ]
[bookmark: _Hlk30884746]Figure 6  Through-hole on small walls
The second part was the rod, which played an important role in motion simulation and parameters of this part were showed below. The basic diameter was 15mm but had some change in different location. For this part, boss-extrude and cut-extrude were the most useful tools.
[image: ]
[bookmark: _Hlk30884864]Figure 7  Basic settings for part 2
Something needed to say was the radius of semicircle in the front of the rod, which was 6mm.
[bookmark: _Hlk30858731]Part 3 was a loop between the cam and the baseboard. It should be noted that the chamfer at the edge of the loop had a distance of 1mm and angle about 45 
degree. In extrude-thin setup, except the 5mm depth, the thickness was 5mm as well and with an outward direction.
[image: ]
[bookmark: _Hlk30884929]Figure 8  Extrude-thin parameters for part 3
Other paremeters then followed:
[image: ]
[bookmark: _Hlk30885472]Figure 9  Basic settings for part 3
The fourth part was the cam, which was the most important part of the model. At the beginning a boss-extrude needed to be set up, the diameters about two circles were 30mm and 60mm and the center distance was 50mm. Connected them with tangent lines to make a closed-loop so that a boss-extrude could be made. For boss-extrude parameters, using 10mm depth and mid plane option for end condition.
[image: ]
[bookmark: _Hlk30885442]Figure 10  Boss-extrude parameters for part 4
Author used offset entities to make a 5mm diatance from inner cam side edge to outer cam side edge, then cut with 2mm depth in the inner area, which was from sketch plane and in blind condition.
[image: ]
Figure 11  Cut-extrude parameters for part 4
After that , a through hole was made with 20mm diameter. To make the process easier, mirror order was adopted which the mirror face was top plane. 
The figure below demonstrated the sizes about the cam：

[image: ]
[bookmark: _Hlk30885488]Figure 12  Basic settings for part 4
The fifth part mainly needed some boss-extrude orders so author won’t repeat here. The parameter about chamfer was similar to that in part 3, which had a distance of 1mm and angle about 45 degree.
[image: ]
Figure 13  Basic settings for part 5

[bookmark: _Hlk30950815]The final part was the spring. A sweep order was needed with a path and a profile. For the 8-coils spring model, the wire diameter was 3mm and coil diameter was 18mm. 
[image: ]
[bookmark: _Hlk30885751]Figure 14  Sweep settings for part 6
In further options, keeping normal constant for profile orientation and the twist was controlled by revolutions.
2.2. Assembling
For assembling part, author thought that the key point was various kind of mates between different parts.
1. [bookmark: _Hlk30863389]The concentric mate between the big hole in part 1 and part 5.
[image: ]
[bookmark: _Hlk30885779]Figure 15  Mate 1
2. [bookmark: _Hlk30863502]The coincident mate between part 1 and part 5.
[image: ]
Figure 16  Mate 2
3. The concentric mate between part 3 and part 5.
[image: ]
Figure 17  Mate 3
4. The coincident mate between part 1 and part 3.
[image: ]
Figure 18  Mate 4
5. The concentric mate between the hole on two walls in part 1 and part 2.
[image: ]
Figure 19  Mate 5
6. [bookmark: _Hlk30864155]The coincident mate between part 1 and part 2.
[image: ]
Figure 20  Mate 6
7. [bookmark: _Hlk30864063][bookmark: _Hlk30888851]The concentric mate between part 4 and part 5.
[image: ]
Figure 21  Mate 7
8. The cam mate between part 4 and part 2.
[image: ]
Figure 22  Mate 8
9. The coincident mate between part 1 and part 2.
[image: ]
Figure 23  Mate 9
The highlight among these mates was the cam mate, which determined whether the motion could run successfully. 
[image: ]
[bookmark: _Hlk30886183]Figure 24  Cam mate settings
The two faces were shown above, the cam path was the loop surface of the cam and cam follower was the surface in the front of the rod.
[bookmark: _Hlk30886201]Here was the final assembly model:
[image: ]
[bookmark: _Hlk30886240]Figure 25  Final assembly model
3. Motion simulation of assembly
According to the Hertz static elastic contact theory, we assume the two contacts for the rigid body and ignore the object elastic wave and the friction, tooth collision can be seen as two semi-cylinder of variable curvature collision. 
[image: ]
Figure 26  Motor parameters
For motion study, author chose 25 frames per second for motion analysis and the entire motion would last for 15 seconds.
The rotating motor was located on the upper loop surface of the cam, with the constant speed of 15 RPM in counterclockwise direction.
Everything seemed fine however the initial model failed to pass the motion simulation due to the spring could not move. Author tried every method to mate the spring with relative surfaces but it didn’t work. The situation was in the figure below:
[image: ]
Figure 27  Motion simulation with spring problem
[bookmark: _Hlk30887811]So author seeked help for Andrew and was told a solution about that. Using the origional data of the spring, author set up a spring factor in motion simulation. The spring constant was 1N/mm and load bearing surfaces were the same with end point surfaces. The free length would update to model changed.
[image: ]
[bookmark: _Hlk30890631]Figure 28  Spring factor in motion simulation
At this moment, motion simulation about this assembly finally succeeded, although the spring could not be displayed in the animation.
4. FEA analysis
Before the FEA analysis, loads created on the motion simulation needed to be transferred into the FEA simulation. The point of the transformation was how to deal with the cam because it was the motor of the assembly model.
[bookmark: _Hlk30890773]To solve the concentric mate between part 4 and part 5, the feature about this mate needed to be edited. In load bearing faces options, the face1 was chosen from surface in the cam, which was the motor. The face 2 was the surface from part 5, which was the rotating shaft.
[image: ]
Figure 29  Load bearing faces setup for the concentric mate
However for the cam mate between part 2 and part 4, the method above didn’t work. So author tried another way to deal with that:
[image: ]
Figure 30  Contact settings for the cam mate
Thanks for Andrew’s advice, author used ‘contact’ option from motion analysis to transfer loads into FEA simulation. Solid bodies was chosen for the contact type with steel (Greasy) material for both parts.
After these settings, a calculation about motion study was done:
[image: ]
[bookmark: _Hlk30892207]Figure 31  Motion study calculation
[image: ]
[bookmark: _Hlk30892327]Figure 32  Import motion loads settings
To import motion loads, ‘Selected component’ was part 2 (the rod). Multiple frame study was adopted with frames between 1 to 60.
While part 2 was opened, a table about 61 active scenarios was shown. In order to find out where the maximum force acted, a design study was run:
[image: ]
[bookmark: _Hlk30952765][bookmark: _Hlk30941388]Figure 33  Running the design study
4.1. Different materials
4.1.1. AISI 4130 steel (Annealed at 865°C)
[bookmark: _Hlk30951056][bookmark: _Hlk30944010]Using 4130 steel as the material of the rod, a von Mises gragh was generated, which demonstrated that the maximum stress about 900,000,000N/m² occurred at set 21.
[image: ]
[bookmark: _Hlk30953078]Graph 1  Von Mises gragh about 4130 steel model
The material information about 4130 steel showed below:
[image: ]
[bookmark: _Hlk30952868]Figure 34  Parameters about 4130 steel
[bookmark: _Hlk30944919]In von Mises diagram, author found that the rod was bent with an angle. Meanwhile the peak pressure value was generated in the front of the rod.
[image: ]
[bookmark: _Hlk30952941]Figure 35  Von Mises diagram for 4130 steel model
[bookmark: _Hlk30945104]In URES diagram, a big displacement was discovered on both sides of the rod. What’s more, the peak value of displacement occurred at the front end of the rod, which reached nearly 2.843e-01mm.
[image: ]
[bookmark: _Hlk30952978]Figure 36  URES diagram for 4130 steel model
[bookmark: _Hlk30945367]For stress intensity, the peak value acted at the front as well, which was about 8.314e+08N/m².
[image: ]
[bookmark: _Hlk30953030]Figure 37  Stress intensity diagram for 4130 steel model
[bookmark: _Hlk30945728]And about the strain, the ESTRN was almost the same on the entire rod. But in some small areas, the value might rise to 1.871e-03 or more.
[image: ]
Figure 38  ESTRN diagram for 4130 steel model
The conditions above were parameters about the initial model, which was applied for every following comparisons by changing different factors.
4.1.2. 1060 Aluminium alloy
[bookmark: _Hlk30944253]When material changed from 4130 steel to 1060 Aluminium alloy, the von Mises graph became different:
[image: ]
[bookmark: _Hlk30953728][bookmark: _Hlk30953195]Graph 2  Von Mises gragh about 1060 aluminium alloy model
[bookmark: _Hlk30945505][bookmark: _Hlk30962855]As the graph shows, the maximum stress was not happened at set 21 anymore, which moved to set 37 with a value about 2,400,000,000N/m². That means when 1060 Aluminium alloy was applied, the von Mises stress of the rod rose rapidly.
[image: ]
[bookmark: _Hlk30953226]Figure 39  Von Mises diagram for 1060 aluminium alloy model
In von Mises diagram, because of the different location about maximum pressure point, the bending direction had been changed. However the peak pressure value was still generated in the front of the rod.
In URES diagram, with a bigger displacement on both sides of the rod, the peak value of displacement became about 2.123e-00mm, which occurred at the front end of the rod.
[image: ]
[bookmark: _Hlk30953251]Figure 40  URES diagram for 1060 aluminium alloy model
For stress intensity, the peak value seemed close to 2.475e+09N/m², which was almost 3 times bigger than that in 4130 model.
[image: ]
Figure 41  Stress intensity diagram for 1060 aluminium alloy model
About strain diagram, the value might more than 1.549e-02 in somewhere of the rod.
[image: ]
[bookmark: _Hlk30953838]Figure 42  ESTRN diagram for 1060 aluminium alloy model
[image: ]
Figure 43  Parameters about 1060 aluminium alloy
4.2. Different rotate speeds
[bookmark: _Hlk30946802]To find out how rotate speed affects the FEA simulation, author changed the motor rotation from 15 RPM to 30 RPM.
[image: ] Figure 44  Motor rotation settings
Due to different motor rotations, the motion period about the rod could no longer match each other so the frames about design study was reset. The new setting was from frame 101 to frame 160, remained total 60 frames in the calculation.
[image: ]
[bookmark: _Hlk30953893]Figure 45  Import motion loads settings for 30 RPM model
[image: ]
[bookmark: _Hlk30954514]Graph 3  Von Mises gragh about 30 RPM model
The von Mises graph above showed an interesting phenomenon: when the rotate speed was doubled, two wave crests were generated. For peak point at set 122, the von Mises stress reached its highest point about 1.35e+09N/m². After a valley the pressure had another wave crest at set 133 with a value about 1.30e+09N/m².
[image: ]
[bookmark: _Hlk30954087]Figure 46  Von Mises diagram for set 122 in 30 RPM model
[image: ]
[bookmark: _Hlk30954613]Figure 47  Von Mises diagram for set 133 in 30 RPM model
[image: ]
[bookmark: _Hlk30954154]Figure 48  URES diagram for set 122 in 30 RPM model
[image: ]
Figure 49  URES diagram for set 133 in 30 RPM model
[image: ]
[bookmark: _Hlk30954244]Figure 50  Stress intensity diagram for set 122 in 30 RPM model
[image: ]
Figure 51  Stress intensity diagram for set 133 in 30 RPM model
[image: ]
Figure 52  ESTRN diagram for set 122 in 30 RPM model
[image: ]
Figure 53  ESTRN diagram for set 133 in 30 RPM model
Compared with the initial model, whether in set 122 or set 133, the distribution about von Mises stress, displacement, stress intensity and strain showed the similar pattern except different values.
For maximum displacement, about 4.222e-01mm in set 122 and 3.745e-01 in set 133;
For maximum stress intensity, about 1.241e+09N/m² in set 122 and 1.227e+09N/m² in set 133;
For maximum strain, about 3.500e-03 in set 122 and 3.425e-03 in set 133.
All the results above for set 122 had a nearly 50% increment compared with the 15 RPM model. That demonstrated the influence about rotating speed to FEA simulation.
4.3. Parameters about the spring
[image: ]
[bookmark: _Hlk30954474]Figure 54  Original spring parameters
[image: ]
Figure 55  Modified spring parameters
The last factor to compere was the spring, which bothered author for a long time during the motion simulation. In the modified model, spring parameter and wire diameter were changed from 1N/mm to 2N/mm and 3mm to 5mm separately.
[image: ]
Graph 4  Von Mises gragh about modified spring model
[bookmark: _Hlk30951505][bookmark: _Hlk30952122]The von Mises gragh for the new model had almost the same shape as the old one. However, the maximum stress about the rod dropped from 9.00e+09N/m² to 8.50e+09N/m².
Because the point of peak value had not changed, the rod in modified model had a same bending direction with the old one and kept the same shape.
[image: ]
[bookmark: _Hlk30954652]Figure 56  Von Mises diagram for modified spring model
[image: ]
[bookmark: _Hlk30954674]Figure 57  URES diagram for modified spring model
[image: ]
[bookmark: _Hlk30954710]Figure 58  Stress intensity diagram for modified spring model
[image: ]
Figure 59  ESTRN diagram for modified spring model
The maximum displacement became 2.671e-01mm;
The maximum stress intensity became 7.780e+08N/m²;
The maximum ESTRN bacame 2.407e-03.
Compered with initial model, author found that the maximum displacement, stress intensity and strain of the rod all dropped down a little bit with a stronger spring.
5.Conclusion
From this assignment, author has a deeper understanding of the motion analysis and FEA in Solidworks, and has mastered the method of transferring the loads in motion simulation to the FEA analysis through many attempts. Although the motion simulation of the spring went through some twists and turns, author finally managed to find a solution to the spring's movement. 
In FEA simulation author found that 1060 aluminium alloy would suffer much more stress and had bigger displacement than 4130 steel. Furthermore, a stronger spring or a lower rotation speed of the motor could also brought smaller dispalcement, stress and strain. Engine design is, however, still the most important element in component development, and this assignment will offer some help for further simulations.
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