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Executive Summary
For this project our team’s goal was to model a rotating assembly of a single cylinder engine. To save time we
found a motorcycle engine model on GrabCAD. We then simplified the model by using only the piston, wrist
pin, connecting rod, and crankshaft. Due to the geometry of the single piston engine the connecting rod
normally has the lowest factor of safety of our four parts. The top of the piston spreads out the force of the
combustion, whereas the crankshaft converts the vertical force into rotational force. This leaves the
connecting rod to transfer all the vertical forces to the crankshaft increasing its risk of failure.
We acquired the material properties from WebMat Material Property Data and added them to our Abaqus
model. Abaqus was used to mesh our parts and assemble them into a working model. Boundary conditions
were added to be used in the simulation. The piston was constrained in the x and y-axes to simulate the walls
of the cylinder while allowing for vertical motion. In order to move the piston the crankshaft was rotated to
simulate engine motion. Ultimately the rotation in the crankshaft will be replaced with a force acting on the
piston. This will be done to simulate combustion in a real engine and provide the correct amount of stress and
strain on the connecting rod.
Numerous issues arose while creating the boundary conditions. There were many failed attempts at running
the model due to over constraining and even under constraining. The most notable issue was that the wrist pin
was larger than the holes on the piston, this caused the model to behave bizarrely as the program did not know
how to simulate the interaction.
We had many problems running the simulations and analysing them. Even with these issues we could find
where the problem spots would be located. The regions that developed stress were on the connecting rod
where the bolts would be located and the region in which the connecting rod begins to straighten out. Given
more time to work on this project we would have liked to; increase the rotational displacement, improve the
boundary conditions, use a force instead of a displacement, and finally model a full size engine instead of a
single piston engine.

3

Acknowledgements
We would like to acknowledge the GrabCAD website and user “murat” for his contribution to the project.
Murat uploaded the CAD models to GrabCAD for others to use. The material properties we used were
obtained through WebMat Material Property Data. Finally our team would like to thank Dr. Kraft for teaching
us about FEA. The time that he spent helping us develop the finite element analyses was much appreciated
and without his help we would not have been able to complete this project.

4

List of Figures
Figure 1: Rotating Assembly Diagram
Figure 2: Rotating Assembly CAD Model
Figure 3: Connecting Rod Mesh
Figure 4: Piston Mesh
Figure 5: Wrist Pin Mesh
Figure 6: Crankshaft Mesh
Figure 7: Connecting Rod Mesh Revised
Figure 8: Piston Mesh Revised
Figure 9: Wrist Pin Mesh Revised
Figure 10: Crankshaft Mesh Revised
Figure 11: Assembly
Figure 12: Assembly with Boundary Conditions
Figure 13: First Model Run
Figure 14: Stress Concentrations
Figure 15: Strain Energy Vs. Time Graph

5

Section 1: Background and Project Plan
The goal of our FEA project was to model the rotating assembly of a single cylinder combustion engine.
We wanted to do this project because we want to learn more about engines and how they are modeled. The
modeling helped us to better understand the way the rotating assembly is put together. It also allowed us to
examine the stress and strain on the components. Using this FEA analyses to understand the failure points will
help us to design these components with longer life spans. The model can also be used to show and
understand the balance between weight and power. Two of the group members are planning to go into the
automobile industry and feel that this project would be very usefully.
General Approach:
We will need to research the forces, force distribution, and pressures in the connecting rod. The rod can be
modeled as a single piece to simplify the problem. The movement pattern is already known and the model
would feature a closed system.

Figure 1: Rotating Assembly Diagram
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Section 2: Development and Description of the CAD Geometry
Since it would take significant time to create an accurate model of a single piston engine we decided to find a
model online. The model we are currently using was found on GrabCAD.
https://grabcad.com/library/single-piston-engine-1
The file was created by murat. He assembled an entire single cylinder assembly. We used the connecting rod,
piston, piston pin, and the crankshaft. The wrist/piston pin designed by murat was a press fit pin, The
overlapping geometries of the surfaces of the piston holes and the piston pin caused problems so we designed
a new pin that had a small diameter than the holes in the piston. We also made this pin a solid shaft instead of
tube with an open center section. The complete assembly can be seen in the figure below.

Figure 2: Rotating Assembly CAD model

Material properties:
We obtained our material properties from MatWeb. The links are included below.
Piston: 242 cast Aluminum
http://www.matweb.com/search/datasheet.aspx?matguid=4db4a1a1901c47bfbb5f2f7c67199cc2&ckck=1
Connecting Rod: Cast iron low end
http://www.matweb.com/search/DataSheet.aspx?MatGUID=6291a24572754cae94ff365ed99b96f9
Crank shaft: AISI 1045 Steel, cold drawn
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http://www.matweb.com/search/DataSheet.aspx?MatGUID=2551e9ac36274110a7ab53be5ca585de
Piston pin: AISI 4140 Steel
http://www.matweb.com/search/DataSheet.aspx?MatGUID=38108bfd64c44b4c9c6a02af78d5b6c6
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Section 3: Development of Finite Element Meshes
The first iteration of the meshes were rough and needed to be refined. The next step for meshing is to attempt
to create the meshes in an outside program that will allow for a more refined mesh to be more easily created.
Doing this will allow for a more stable model that can be run in less time.

Figure 3: Connecting Rod Mesh

Figure 5: Wrist Pin Mesh

Figure 4: Piston Mesh

Figure 6: Crankshaft Mesh
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Using ansys to create the meshes created more issues than it was able to solve. When one problem area was
fixed others popped up. The time cost of fixing the meshes became too great for the gains that would have
been achieved by having more refined meshes. Abaqus meshes were used instead for this model. One notable
change, as previously stated, was made to the wrist pin, the reason for this change was that it was discovered
that the wrist pin diameter was larger than the diameter of the holes in the piston. This penetration caused the
model to act sporadically as the program did not know what to do. In order to fix this problem a slightly
smaller wrist pin was created in order to clear the holes on the piston and the pin was remeshed. The changes
to the wrist pin and final meshes can be seen below.

Figure 7: Connecting Mesh Revised

Figure 9: Wrist Pin Mesh

Figure 8: Piston Mesh Revised

Figure 10: Crankshaft
Mesh Revised
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Section 4: Development and Description of the Model Assembly and Boundary
Conditions
Our team began by assembling the model using a AutoDesk Inventor. The assembly was then imported into
Abaqus. We soon realized that the connecting rod and piston pin were too small to be used. After a little bit of
discussion, Tyler realized the connecting rod and piston pin had been imported in different units of
measurement. The piston and crankshaft were in SI units (mm). The connecting rod and piston pin were
imported in customary units(in). Once we figured this out, Tyler changed the units of all the parts to SI (m)
using AutoDesk Inventor. Using meters helped to simplify the input of the properties.

Figure 11: Assembly

In order to keep the model boundary conditions as simple as possible, the crankshaft was constrained in the
x,y,z axes, this keeps it from displacing while allowing it to rotate. Next the piston was constrained in the x,z
axes in order to simulate the cylinder walls while still allowing the piston to move up and down. The
geometry of the model constrains the rest of the parts, specifically the connecting rod pin and the connecting
rod. An example of the boundary conditions used can be seen below.

Figure 12: Assembly with
Boundary Conditions
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Section 5: Development and Description of Model Interactions
For simplicity we are currently using a frictionless general contact on all surfaces that touch. The frictionless
model allowed us to simulate an ideal engine assembly. In the future we can add friction to better model the
real world effects on the rotating assembly. We could also add the engine oil using its viscosity and CFD. This
would help us model the effects of decreased friction on surfaces with oil on them and also model how the
viscosity of the fluid might restrict movement.
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Section 6: Analysis of Finite Element Model
After many failed attempts to run the model it is clear that more refinement needs to be done with both the
loading and meshing. Shown below is an explicit dynamic run with no forces acting on the piston. When run
with a force the model runs into errors that will need to be worked out before a true run can be performed.

Figure 13: First Model Run

The model was ultimately run by rotating the crankshaft. This was done in order to iron out issues with the
model to get it working. Due to these issues significantly less data was obtained from the results than was
expected. Our implicit models were not able to run due to the amount of elements in our assembly. Our
explicit models, however, ran well and were able to gather a large amount of data across a span of about ten
hours. We decided to neglect some of our boundary conditions and decided on constraining the piston to only
move in the z-direction and rotating the crankshaft by a certain displacement. Our final explicit model only
ran for four hours and five minutes. The model maintained a stable increment of about 4.178*10^-8
throughout the entire run. Our step time increased from 8.861*10^-5 and ended around 1*10^-2.
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Section 7: Summary of Major Findings
Due to the many constraining factors such as time and the need for us to allow the simulations to run over an
extended period before we could make changes, we did not gather significant conclusive data. From the data
that we did gather we can make assumptions, many of which supported our initial hypothesis about the
models. We did not see significant stress or strain in our models. This is because our simulations did not have
a large enough displacement to get major results and we did not use large forces such as what you would see
in a motor. The stresses on the crankshaft did appear and disappear in our results and were located at the
arrows as seen below.

Figure 14: Stress Concentrations

The position of these stresses were primarily around the connecting rods bolt holes as that is where the
connecting rod is held together. This area is also boxy so there are regions with sharp edges which produce
stress concentrators. The other location which the stresses appear was the area in which the connecting rod
begins to straighten out. This is normally where the rod fails in real world situations.
As the crankshaft displaced the number of stresses in the model increased. We can assume that if this behavior
continued we would have eventually produced a useful model. A graph of the stresses can be viewed below.
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Figure 15: Strain Energy vs Time Graph
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