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Abstract. Nowadays gear is one of the most important mechanical components in the industry
history, especially in the car industry and airplane industry. This paper demonstrates and explains
the simulation for several specifical gears to object the static strength, stress on the gear teeth.
By using simulation software Ansys, this paper collects data and analyzes to object the accuracy
and efficiency from 3 fields in mesh size, mesh method and refinement of structure to ensure a
better mesh way on gear simulation in the future, offer some references for better ways to mesh
specific gears on Ansys.
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1. Introduction

In the highly developed industry environment mechanical gear transmission systems exert extremely
important status. It can be seen that hundreds of different gears today work in each machine. So the
simulation of gear is not to be ignored, whether from the economic side or efficiency side, using
computer software to simulate the gear would save lots of time and money to achieve an ideal outcome.
Despite a large number of papers and books, e.g. the computational approach with the finite element
method was used to determine the static transmission error [1], elements of worm gear drive design [2],
dynamic contact simulations for the helical gear pairs [3], deep study 2D and 3D modification of
helicalgear pair [4], static and dynamic gear mesh study on tooth [5], Gear shaping simulation for face-
gears [6], and crack on gear tooth root [7] describing in detail different gear and FEA mesh problems,
two of the main challenging issues were ignored, namely mesh size, mesh method and refinement on
gear, are far from being jointly solved. This paper using Ansys to analyze 3 important aspects mesh size,
mesh method and refinement to help people in the future use better ways to mesh a specific gear on
Ansys.

2. Theory background

2.1. FEA theory

This paper sets up the Finite Element Analysis (FEA) to calculate the gear stress. FEA is a mathematical
method to simulate the real-world physics system by using several simple interaction elements (unites)
to achieve a finite number of unknown elements to approximate a real system with infinite unknown
elements. FEA uses simple questions to answer the complicated question and then solve it. FEA treats
the solution domain as consisting of many small interconnected sub-domains called finite elements,
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assumes a suitable (simpler) approximate solution for each element, and then derives the overall
satisfying conditions (such as structural equilibrium condition) to get the solution of the problem. And
it is not the exact solution but an approximate solution. So using FEA could have a highly approximate
solution to the question also suitable for different complicated structures. Figure 1 explains the logic of
the FEA system [8].
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Figure 1.FEA Logic Diagram [8].

There are 8 steps in FEA preprocessing. Step 1: Define the geometry for the problem; Step 2: Create the
material model; Step 3: Choose the type of elements and mesh the model; Step 4: Define element
equations; Step 5: Assemble the equations into a system equation solution; Step 6: Define the boundary
conditions; Step 7: Solve postprocessing, and finally Step 8: Review the results and analyze what they
mean to the real world problem [8].

Here is a mathematical equation example for spring when using FEA on it (Figure 2). By using the
FEA method, this paper has clear solutions about the structure and compares to the normal real
instruments to solve the problem, FEA method is more efficient by saving a bunch of time and money
without doing the experiment.
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Figure 2. The matrix equation for spring [9].

2.2. Configuration (mesh size, mesh type)

The usual way to use the FEA system is by doing it on the software. For example, ANSYS is one of
the famous simulation software. ANSYS is a general-purpose software used to simulate interactions of
all disciplines of physics, structural, vibration, fluid dynamics, heat transfer, and electromagnetic for
engineers [8].
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Figure 3. Functions of ANSY'S workbench.

For simulation software, it depends on a lot of setups to simulate an approximate structure that is
required. Lots of boundary conditions are needed to simulate in a different environment to get detailed
information about the structure. For example, the division of finite element mesh such as meshing size
and mesh type. When the simulated structure needs to become closer to the real world, the mesh size is
needed to decrease to achieve what people want. This is because when increasing the number of
elements (By decreasing the mesh size) that are meshed, more detail for the structure will be showed.
Meanwhile the quantitative of calculation increase dramatically it will take lots of time to compute. To
find a balance of accuracy and efficiency, simulations are conducted on a spur gear with a pitch circle
diameter of 20mm with 6 different mesh sizes and different mesh types to obtain the maximum stress
around the gear teeth for each submitted configuration.

2.3. Gear theory
The tooth surface contact strength includes two stress states, the tooth surface contact fatigue strength
and the tooth surface contact static strength. The types of tooth surface failure can be classified into
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pitting, scuffing, wear, micro-pitting and fracture. Types of the strength of gears subjected to external
meshing forces: fatigue strength, static strength. In this paper, the crack/fracture phenomenon under
static strength failure of the tooth root is studied. The formula for calculating the stress on teeth root is
shown on equation 1, In the formula Yg is the tooth shape coefficient; Yg is the stress correction
coefficient; Y is the helix angle coefficient [10].

Ft

ma

OFo= 5, * YF* Ys * Y (1)
According to the operating state of the gear system, the calculated tooth root stress should be corrected
with influence factor as is shown in the equation 2. In the formula, K, is the application coefficient;
Ky 1is the dynamic load coefficient, Kgg is the tooth load distribution coefficient; Kggis the inter-tooth
load distribution coefficient [10]. With this equation can obtain the bending stress oF at gear teeth
when a meshing force Ft is applied.

0F = 0pg * Ky * Ky * Kpp * Kpg (2)

Figure 4. Details for gear teeth root.
3. Analysis and compare of results

3.1. Discussion of Mesh size

For the research of mesh size, a dimensionless function is made for gear, D is the diameter of the gear
and X is the mesh size. Function 3 is created to observe when N increases what will happens to the stress
on the gear teeth root. According to the similarity principle, the same function on gear that the size of
gear has not to change but change in mesh size or another variable can find out the changing pattern on
it.

D

By using different mesh sizes, D is the diameter of gear equal to 20mm and 5 different mesh sizes are
chosen: 4mm, 2mm,lmm, 0.5 mm, 0.25mm and 0.1mm to obtain each of stress from different mesh
sizes. At first when increasing the value of N the value of maximum stress increase too. From the trend
line, the difference of increasing Maximum stress becomes less and less due to the calculation being
close to the analytical solution because mesh size decrease, but also the decrease of mesh size will cost
more time to calculate in Ansys.
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Figure 5. Max. stress vs N.

As shown in Figure 5, as the dimensionless number N increases, the stress of gear increase too; and the
change of stress decreases. The increment of maximum stress change by 36% from N=50 to N=100, by
33.3% from N=100 to N=200, by 13% from N=200 to N=400, by 8.26% from N=400 to N=800, by
7.62% from N=800 to N=2000. When the percentage of change of maximum stress is smaller than 10%
then the N is in convergent and that correspond to N>800.

3.2. Mesh Method

Figure 6. Mesh type: Tetrahedrons. Figure 7. Mesh type: Hex linear.

These two figures above show the difference between the mesh type in tetrahedrons and Hex linear. The
most distinct observation between the tetrahedron method and the hex linear method is the stress
distribution becomes more and more discrete at the gear teeth root area. This is because the tetrahedral
mesh method can fit better in complex geometry than hex linear by the interpolation algorithm of the
Ansys. A 3D mesh with n vertices such as in tetrahedron has 4 nodes and in hexagon has 8nodes. Point
2, 3, 4, 5 in tetrahedral (Figure 7) and point 5, 6, 7, 8, 9 (Figure 8) form a face respectively. They are
the outer faces of the gear mesh and from the observation, the stress on point 9 (hex linear) is smaller
than point 5 (tetrahedrons) leading to the difference in stress contour. This is because the FEA method
is used to calculate the stress on linear, endpoint and quadratic but cannot calculate the stress of a point
at the middle of the curve face. So, it is necessary to use interpolation to find out the stress between the
nodes and nodes.
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Figure 8. Tetrahedral. Figure 9. Hexagon.

A function for interpolation is show below:
Y = f(x1,x2,x3, ... ... xn) 4

The value of x1, x2 and x3 are the vertices values for the structure. In Ansys, the specific function
for interpolation is not showing up but it must obey a rule that Y>Min (xn) and Y<Max (xn). For a
certain f(x), when there are smaller xn, the final Y is relatively small; when there are larger xn, the
final Y is relatively larger. Supposing Ansys is using average interpolation Y =

mean(x1,x2,x3, ... ... xn) and algebra for each vertex. So, the formula for tetrahedral will be formula
5):
Y4=w,x1=x2=x3=m,x4=n,m>n (5)

The formula for hexagon will be formula (6):

x1+x2+x3+x4+x5+x6+x7+x8
Yo = 5 Xl=x2=x3=x4=mx5=x6=x7=x8 =nm>n (6)

From formulas 5 and 6, the interpolation value of stress for point 5 (tetrahedral) is bigger than point 9
(hex linear) and therefore tetrahedral mesh method is better in complex geometry compared to the hex
linear at certain mesh size while mesh is refined this difference can be diminished.

3.3. Refinement of mesh

By adding refinement at the gear teeth root, more details from Ansys is observed from different mesh
size. According to four different refinement levels in 0.5mm global mesh size and 0.25mm global mesh
size, the most difference between the 0.5mm mesh size and the 0.25mm mesh size is the stress change
between refinement level 1 and refinement level 2, and makes the trend line is not that linear as mesh
size 0.25mm, this is because the huge difference stress data from the no refinement, refinement level 1
and refinement level 2 as the mesh size is too big, so the divergence appears in data from the calculation.
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Figure 10. Mesh size 0.5mm. Figure 11. Mesh size 0.25mm.

4. Conclusion

Overall, this document analyze 3 field differences in gear simulation by using Ansys. Mesh size is
always a big problem because the mesh goes smaller the time and the cost gets longer so from the
experiment N=800 would be a suitable mesh size for calculating the stress. For the mesh method in this
kind of complex structure especially at the gear teeth root the tetrahedral mesh method would be a better
choice than other normal mesh methods because the interpolation of the tetrahedral method can better
simulate the real world simulation. Refinement is a good way to observe more detail in certain areas and
it is better to use a small mesh size (<0.25mm) to get approximate data from Ansys. This paper analyzes
3 different aspects of the Ansys mesh system to help people get a better choice on how to mesh a gear
in a different environment in the future.
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