REPORT
FE-STUDY OF TURBINE DISC BEHAVIOR

AUTHOR:

Stegmaier Alexander

Ezhilmathi Krishnasamy

840217-P337

840609-T036

Mechanical Engineering
TMMI37, The Finite Element Method, spring 2012
EXAMINER:
Kjell Simonsson
INSTITUTE OF TECHNOLOGY
SE-581 83 Linköping

FE-STUDY | OF TURBINE DISC

CONTENTS
1 introduction .......................................................................................................................... 2
1.1 Software ................................................................................................................................... 2
1.2 Project Schematic in Ansys....................................................................................................... 2
1.3 Material .................................................................................................................................... 3
1.4 Part description ........................................................................................................................ 4
2 Part I ..................................................................................................................................... 5
2.1 Engineering Drawing of Design ................................................................................................ 5
2.2 Boundary conditions ................................................................................................................ 6
2.2.1 Coordinate System.......................................................................................................... 6
2.2.2 Boundary conditions: thermal ........................................................................................ 6
2.2.3 Boundary conditions: Static Structural ........................................................................... 6
2.3 Convergence............................................................................................................................. 7
2.3.1 Divergence by boundary conditions ............................................................................... 7
2.3.2 Convergence- Analyses ................................................................................................... 8
2.3.3 Discuss: ........................................................................................................................... 8
2.4 Mesh ......................................................................................................................................... 9
2.5 Result ...................................................................................................................................... 10
2.5.1 Safety control ................................................................................................................ 11
2.6 Discuss .................................................................................................................................... 11
3 Part II .................................................................................................................................. 12
3.1 Geometry ............................................................................................................................... 12
3.2 Boundary conditions .............................................................................................................. 12
3.2.1 For thermal analysis ...................................................................................................... 12
3.2.2 Pre-tensioning............................................................................................................... 13
3.2.3 For mechanical analysis ................................................................................................ 13
3.3 Convergence........................................................................................................................... 14
3.4 Mesh ....................................................................................................................................... 15
3.5 Solution .................................................................................................................................. 15
3.5.1 Steady-State Thermal ................................................................................................... 15
3.5.2 Tension at the bolt ........................................................................................................ 16
3.5.3 Results for the disc........................................................................................................ 16
3.6 Discuss .................................................................................................................................... 17
4 Appendix ............................................................................................................................. 18
4.1 List of Figures.......................................................................................................................... 18

© STEGMAIER | KRISHNASAMY

1|Page

FE-STUDY | OF TURBINE DISC
1 INTRODUCTION
1.1 Software
Simulation has been done by the using ANSYS V14 with the license form Linköping University and
for the fine mesh “Formula-SAE & Formula Student Team Sponsorships” used.
1.2 Project Schematic in Ansys
In figure 1-1 you can see the Project plan of Part I and Part II

figure 1-1

In bothe Projects are simulated with the same Material. As you can see the link above between
A2-B2 and A2–F2
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1.3 Material
The high temperatures and loading conditions, turbine discs are typically made of wrought nickelbased superalloys.
Given material: Inconel 718
•
•

figure 1-2 (Properties of Inconel 718 in Ansys)

In figure 1-3 (http://www.alloywire.com/inconel_alloy_718.html) you can see the Tensile
Strength. This figure was found at the Internet.

figure 1-3 (http://www.alloywire.com/inconel_alloy_718.html)
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1.4 Part description
Part I:
This is a old concept of turbine disc.
The traditional type of fastening is illustrated in
figure 1-4 beside, where the two discs are connected by
8 of tangentially distributed bolts.


For the FE-study is only one part of the whole disc
considered.



The green part in



figure 1-4 is taken in to account for the FE analysis.



A 3D-study was chosen
figure 1-4

Part II:
A new concept of disc bolting, where only one single
central bolt is used.


Here for FE study the green shaded surface (figure 1-5)
is considered



A 2D-study was chosen

figure 1-5
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2 PART I
2.1 Engineering Drawing of Design
The disc was created by Solidworks, because it’s easier and faster as the Designmoddeler.
The model was designed as following figure 2-1.
The model was then imported into Ansys.

figure 2-1
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2.2 Boundary conditions
2.2.1 Coordinate System
For the Symmetry and the tangential results, is a new Cylindrical Coordinate System needed.
The Orion is in the middle of the disc and the radial axis are Y.
Figure 2-2

2.2.2 Boundary conditions: thermal
Conduction and convection are focused here, convention has been set where the solid surface is
exposed to the fluid or (environment) and conduction is set with in the solid. Perfectly insulated in
given two sides of the symmetry sides of blades. The different colors below show the boundary
condition that applied to the geometry.


Temperature: 500°C



Convection:



:



Convection:



Symmetry: on both cutting sides of the blade, which has
a Heat flow of 0 in Y direction (cylindrical)



: Heat flow = 0
figure 2-3

2.2.3 Boundary conditions: Static Structural

}
Figure 2-4

Symmetry on both sides
The displacement:


Y (cylindrical) = 0mm



X and Z = free
Figure 2-5

Displacement in Y (Cartesian) = 0mm
Only one line
figure 2-6
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2.3 Convergence
Convergence-Divergence Checks: Mesh Refinement


Minimum of three meshes required: m= 1,2,3,…



Meshes formed by successive scaling of element sides

 Suppose σ is the stress component of interest at the location of concern in an application. Denote its value as found by FEA on mesh m by σm(m= 1,2,3). Then the FEA for σ is judged to be
converging if changes in its value as mesh refinement proceeds decrease by more than 10%.
Otherwise the FEA is judged to exhibit divergence. That is
|
|
|
|
|
|
|
|
It is of major interest to find a mesh with the following properties:


a sufficiently accurate mesh for the convergence, that does not required too much computing
time



it is very importuned to find divergence

2.3.1 Divergence by boundary conditions
Try these two boundary conditions:
1. 2 line bodies are fixed in Y
2. The whole surface are fixed in Y
As you can see in figure 2-7 a poor boundary
condition leads to highly stresses.  divergence
Therefore, a correct analysis at this point is
impossible. Because, if the mesh is finer, the
stress goes to infinity.
The BC needs to be changed, as for example
was made in the figure 2-6.
figure 2-7
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2.3.2 Convergence- Analyses
In the figure 2-8 you can see some different body-sizes for the disc.
All the following solutions are added into the diagram (figure 2-9):


Normal stress



Inner tangential stresses



Equivalent (von Mises)



Outer radial stresses

Body-size: 40

Body-size: 30

Body-size: 20

Body-size: 10

Body-size: 5

figure 2-8

Convergence Diagram
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figure 2-9

2.3.3 Discuss:
As you can see, the changes from 1285MPa to 1286MPa are very low
 The FE-Study is going to convergence.
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2.4 Mesh
After many try’s we find a good solution for the mesh.
The mesh in figure 2-10 has the same result as the fine mesh with
the Body Size 5 (figure 2-8) above, but with a short solution time.

The mesh is descript as following:


Face Sizing Inner and outer: 5mm



Body Sizing: 30mm internal



Face Sizing Hole: 5



Face Sizing Side: 10

0

figure 2-10 (with section cut)

This element used here is 10 nodded tetrahedron elements. These elements are preferred when
complex geometries and with stress and strain are needed to be calculated. However these elements tend to give poor conformance at edges and interfaces between components.
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2.5 Result

figure 2-11 (Results with section cut)

One warning but it doesn’t matter, because we want to get a displacement.
By default, ANSYS Workbench activates weak springs if it detects that the model may be under
constrained.
But it is possible to fix this warning, by using one more boundary condition. However in this case it
is not necessary.
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2.5.1 Safety control
The material data of figure 1-3 (http://www.alloywire.com/inconel_alloy_718.html) and resulting
data figure 2-11 (Results with section cut) lead to following safety:

The safety against plastic strain is not sufficiently. A change of the following variables are needed:
 Change the Material
 Change the boundary condition
 Change the design
2.6 Discuss
According to the task 1 the given material is analyzed with the different element and with the no
of elements. Usually the boundary condition has to be fixed cleverly when we are looking for an
accurate solution in a particular part of the whole system. When it is come to a thermal boundary
condition here it is easy to fix it. But for the mechanical boundary condition we got different solution according to the different boundary condition and it leads to divergence (giving wrong solution). So it’s clearly understood that even though we have higher order elements in the geometry
it leads to a wrong solution with misplaced boundary condition. Convergence (mesh independent)
is found out with no of elements; basically for a particular system after certain no of elements you
get the same solution even though if you increase the no of elements more. Thus gives us to predict the computational time for a particular problem later on.
We eventually found out that the element type is playing the important role in the 3D analysis
figure 2-8 shows how we get the different solution according to the different element size. Choosing the element type is very important with respect to the geometry and the boundary condition
figure 2-9 shows the convergence with respect to the finer mesh but since we are interested in
stress at the small hole and the top surface of the blade we made a coarse mesh in the other places in figure 2-10 (with section cut) shows the element structure in the geometry. In the end we got
a same result as in the finer mesh with lesser computational time. So, in real time application
when we do the FEM simulation we should concern the results where we are interested and the
computational time of the task. And the last thing is that we need to go through properly the material property. Here under the safety control explains the how the thing has to be changed if we
have some failure in the result.
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3 PART II
3.1 Geometry
Geometry for this task is imported from the abaqus file
which is provided to us. It’s very important to change the
Properties from the “Finite Element Modeler” at the beginning. figure 3-1

figure 3-1

3.2 Boundary conditions
Since it is in 2D, the boundary condition has been given by
the choosing the line surface of the geometry. Axis symmetry (figure 3-2) is given one entire side of the bolt to
consider the whole 2-disc with bolt. The material is same
as in the part I.

figure 3-2

3.2.1 For thermal analysis
The boundary conditions are:


Conduction: specify the temperature of the material and the thermal conductivity of the material. You can see it in figure 1-2 (Properties of Inconel 718 in Ansys)



Convection: chosen the surface of the material and describes the surface temperature of material and convection coefficient (according to the project specification)



For symmetry: chosen the perfectly insulated boundary condition, but it doesn’t matter.



Temperature: 450°C



Convection:



Convection:



Convection:



Convection:



Convection:



Convection:



Convection:
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3.2.2 Pre-tensioning

figure 3-4 (Diagram of pre-tension is combined with 2 screenshots of the bolt)

To realize the pre-tension at the bolt, the displacement is needed. After many trials we found out
the right displacement was -1.15 mm of the bolt with approximately 420Mpa. For the exact solution a path needed, because of the sharp vertices is in divergence, as you can see on Figure 3-8.
The Results, as you can see in figure 3-4 is approximately 420MPa. figure 3-4
3.2.3 For mechanical analysis

}
Figure 3-5

The displacement:


Y = -1.15mm. This is the result of the pretensioning analyses, which you can find it in figure 3-3.



X = free

Figure 3-6

The Displacement are:


Y = 0mm



X=free



Only one line is chosen.
figure 3-7
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3.3 Convergence
In this step, we used the automatic convergence tool from Ansys. At critical places Ansys will
changes the mesh automatically. This tool works only without the thermal boundary condition.
Therefore, we suppressed the "imported Body Temperature". This step above isn't good for the
final solution, but for searching for convergence and divergence places it doesn't matter.
For the convergence study, the assembly is splitted into 2 parts and is applied to Equivalent stress.




The bolt

The 2 discs and The rest

Following properties are chosen in Ansys:


Max Refinement Loops = 5



Allowable Change = 2%



Refinement Depth = 2



The start mesh is the same as in figure 3-9 only with the
body size: 10

Figure 3-8

As expected the divergence place is at the vertices of the bolt. For the disc solution it is not important. But for the bolt solution, the sharp vertices could be replaced with a radius.
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3.4 Mesh
The mesh of the convergence-study
(Figure 3-8) is nearly the same as a
mesh (figure 3-9) with the body size of
5mm. Here quad and triangular elements are used.

figure 3-9

3.5 Solution
3.5.1 Steady-State Thermal
Figure 3-10 shows the temperature of the turbine disc and the maximum rate of temperature at
the turbine disc.
In Ansys the heat transfer Analysis is done
by using the finite element numerical
method. It is clearly understand from the
Figure 3-10 the rate of heat transfer is
more where the temperature difference is
high. The rate of heat transfer is 6053.9
Watts at outer most surface of the turbine disc

Figure 3-11
Figure 3-10

check the heat flow calculation:
the sum of the heat flow must be 0
6053
-1874
-5
-1381
-2059
-800
-1816

Figure 3-11

1882
0
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3.5.2 Tension at the bolt
The tension in Y at the bolt is after the simulation approximately 67MPa (Figure 3-12). This result is
without the divergence at the sharp vertices.

Figure 3-12 (Diagram of tension is combined with 2 screenshots of the bolt)

3.5.3 Results for the disc

figure 3-13 (Results)
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3.6 Discuss
The task 2 is carried out in the 2D with two blades connected through the bolt. Since it is 2D we
used quadratic and triangular elements to do the analysis. Thermal and mechanical boundary condition has been fixed according to the given data. In order to find the pretending at the bolt it is
very important to make a path on the bottom of the bolt, because we have to suppress the divergent on the sharp vertices. After the total solution with thermal load and mechanical load the pretension of the bolt is decreased from 420 to 67 MPa, it’s because of the thermal expansion and
the mechanical loading of the bolt. To finalize the tensioning of the bolt it should be discussed
with the customer how they expected to be it. In figure 3-13 (Results) we can see that the divergence is taking place at the bolt with increasing number of elements. Where as in figure 3-13 (Results) with inclusion of the whole geometry show the convergence with increasing number of elements.
figure 3-13 (Results) shows the results of the task 2 with the suitable boundary condition and directional stress and the total deformation is maximum at the top surface of the blade.
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