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ABSTRACT

In an aero engine rotating disc and blades are the crucial components has their structural integrity is vital

to the engine’s service life. Design of attachment between compressor blades and disc is critical in order to
transfer the large loads generated due to centrifugal action and other gas loads between these components.
Several different methods have been adopted for establishing attachment between the blades and the discs such
as welded, pin, dovetail and fir-tree joint etc., but in this study dovetail joint is considered, with straight and
10°, 20° and 30° skew models.
This study is concerned about the effect of skew 10°, 20° and 30° angle on compressor disc and blade assembly
with different operational loads &Constant coefficient of friction. Finite element model was developed by using
commercially available software, ANSYS Workbench to capture the stress concentration region. Comparative
study is performed between straight and skew 10°, 20° and 30° angle of dovetail joint.
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1. INTRODUCTION

A gas turbine is a device or rotary machine which works by utilizing the power of jet of gases and air by
which energy transfer takes place between the working fluid and rotating element due to dynamic action. A gas
turbine is most pleasing power rising unit surrounded by different means of producing mechanical power due to
its incomparable dependability, freedom from vibration and capability to generate great powers from units of
reasonably small size and weight. The jet engine plant mainly consists of compressor, combustion chamber and
turbine.
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Fig 1: A Modern Jet Engine.
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2. GEOMETRY AND FE MODEL

This chapter discusses the geometric creation and computer aided modeling of the disc and blade.
2.1 Geometry Modeling

Geometry is created as per drawing shown in the Fig 2 and Fig 3. Once the geometry modeling is completed
disc and blades are assembled as shown in the below. Aero standard specification and dimensions are used to
create disc-blade assembly, three dimensional model is shown in Fig 4 which is generated by suing modeling
software called CATIA V5 R20 and this model is used for analysis.
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Fig 2: Geometric Details of Blade.

Fig 3: Geometric Details of Dovetail Joint. Fig 4: Isometric Model of Disc with Blade.
2.2 Material Properties

Table 1 shows the material properties considered for the analysis (Titanium Ti-64Al-4V). Engine components
usually work under high temperature and pressure especially disc and blade need to sustain high thermal shock at
different intervals. Hence, these components need high strength materials which can take this kind of loads.
Titanium alloys have very high tensile strength and toughness even at very high temperature. Such alloys have
good corrosion resistance, very light weight and high working temperature.
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Properties Ti-64Al-4V
Mass Density (Kg/m3) 4430
Young’s Modules (GPa) 113.8
Poisson’s ratio(NU) 0.342
Yield strength (MPa) 880
Ultimate strength (MPa) 950

Table 1: Material Properties of Titanium Ti-64Al-4V.
2.3 FE Model

A finite element model (FE model) comprises a system of points called nodes. Connected to these nodes are
the elements themselves which form the finite element mesh. The density of the finite element mesh may vary
throughout the geometry, depending on the shape of the geometry and change in stress levels of a particular area.
Regions that experience high changes in stress usually require a higher mesh density than those that experience
little or no stress variation. Points of interest may include fracture points of previously tested material, fillets,
corners, complex detail, and high-stress areas. By using the proper element size, the mesh has been created for
blade and disc. For meshing the complex geometry and for getting the high accuracy, 8 node hexahedral
elements and 6 node penta elements are used.

Fig 5: FE model of Disc Fig 6: FE Model of Blade.
It is ideal to have hexahedral model throughout the model, but due to geometric configuration and to meet
convergence criteria, penta elements are included while generating finite element model.

2.4 Mesh Statics

Total no. of elements 4432

Total no. of nodes 6604

Total no. of Hex elements 4336
Total no. of Penta elements 96

Table 2: Mesh Statics.
2.5 Boundary Condition
Below Fig shows the boundary conditions applied on the low pressure compressor assembly of Finite Element

Model.
e On either cross sectional side faces of disk sector i.e. C shown in above Fig 7, were applied with cyclic

symmetric boundary conditions by selecting edge of the disc.
o Axially constrained at the bottom edge of the disc sector i.e. B (inner radius of the disc) as shown in the Fig 7.
o Inertia force is applied i.e. A to the model as shown in the above Fig 7.
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e The dove tail blades base root face is in contact with the dove tail disk root face.
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Fig 7: Boundary Condition of Blade and Disc.
The angular velocity of 10000 rad/s (100%) is applied. The Inertia Loads are usually much greater than the
gas forces and often a limiting factor in design and in this analysis the gas forces are not considered.

3. RESULTS AND DISCUSSION

Within the scope of our investigation static analysis is carried on compressor disc/blade assembly of Skew
dovetail joint. Further in the report it can be observed the plots are concentrated only on the dovetail region, as
our study concern more on that.

3.1 Stress Analysis of Compressor Disc and Blade
Static structural analysis is carried out on compressor disc/blade assembly. The equivalent stresses,

deformation and Max principal stresses are noted down for the angular velocity of 1,000 to 10,000 rad/s applied
incrementally by 1,000 rad/s with co-efficient of 0.1 on the compressor blade disc assembly.

3.1.1. Von-Mises Stress Analysis of Skew Fit Compressor Disc/Blade
The von-Mises stress distribution in the skew fit of compressor disc/blade assembly for different skew angle

such as 00, 100, 200, and 300 are shown in Fig 8, 9, 10 and 11. It is observed that, the maximum value of radial
stress at the dovetail root region of compressor disc is approximately 314.79 MPa.

A: Static Structural A: Static Structural_Skew_10
Equivalent Stress Equivalent Stress
Type: Equivalent (von-Mises) Stress Type: Equivalent (von-Mises) Stress
Unit: MPa Unit: MPa
Time: 10 Tirme: 10

314.79 Max 355.4 Max

279.81 315.91

244,84 276.42

209.86 236,93

174.88 197.44

139,91 157.95

104,93 118.47

69,954 78.977

34,977 39.489

6.3104e-7 Min 2.3671e-6 Min

Fig 8: von-misses stress plot for 0°. Fig 9: von-misses stress plot for 10°.
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Az skew_20
Equivalent Stress
Tywpe: Equivalent (won-Rises) Stress
Unit: MPa
Tirme: 10

368.82 Max
227.84

286,80

245,848

204.9

163.92

122.94

31.96

40,95
1.1884e-6 Min

A: Static Structural
Equivalent Stress
Type: Equivalent (wvon-kises) Stress
Unit: MPa
Time: 10

364.14 Max
323.68

283.22

242.76

202.3

16184

121.38

80.921

40.46
5.897e-7 Min

Fig 10: von-Mises Stress Plot for 20°.  Fig 11: von-Mises Stress Plot for 30°.
3.1.2 Maximum Principle Stress Analysis of Skew Fit Compressor Disc/Blade

The Maximum principle stress distribution in the skew fit of compressor disc/blade assembly is as shown in
Fig 13. It is observed that, the maximum value of principle stress at the dovetail root region of compressor disc

is approximately 353.93 MPa.

A: Static Structural

bAaxirmurm Principal Stress
Type: Maxirmurm Principal Stress
Unit: kAPa

Tirme: 10

35393 Max
304.04
254,15
204,25
154.36
104,47
54.573
4.6801
-45.213
-95.106 Min

A: Static Structural_Skew_10
FAzxirmurm Principal Stress
Type: Maxirmurm Principal Stress
Unit: MPa

Tirme: 10

39274 Max
239.07
285.41
23174
1ra.08
124.42
T0.754
17091
-36.5732
-90.236 Min

Fig 12: von-Mises Stress Plot for 0°.

Fig 13: von-Mises Stress Plot for 10°.

Az skew_20
hAaxirmum Principal Stress
Type: Maximum Principal Stress
Unit: bPa
Tirme: 10

416.9 Max
358.08
299,22
240,37
131.52
122.69
63,849
5.0071
-53.824
-112.68 Min

A: Static Structural_Skew_10
FAaxirmum Principal Stress
Type: Maximurm Principal Stress
Unit: bAPa

Tirme: 10

F92.74 Max
3239.07
285.41
23174
1ra.0g
124,42
70.754
1r.oal
-36.573
-90.236 Min

Fig 14: von-Mises Stress Plot for 20°.

Fig 15: von-Mises Stress Plot for 30°.
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3.1.3 The Displacement Contour in Skew Fit Compressor Disc/Blade Assembly

The displacement plot in skew fit compressor disc/blade assembly is as shown in Fig 15, 16, 17 and 18. The
maximum displacement observed is 0.3268 mm at the tip of the blade, because the displacement accumulated at
the free edge of the blade. The displacement is uniformly increases from bottom of the compressor disc to tip of
blade. The displacement observed here is very small which is considered to be having minimal effect on the
system.

A: Static Structural A: Static Structural_Skew_10
Total Deformation Total Deformation

Type: Total Deformation Type: Total Deformation
Urnit: rmm Urnit: mrm
Time: 10 Tirme: 10

0.31595 Max
0.28104

0.31689 Max

0.2819

0.24612 0.24692
n.z21121 0.21193
0.17629 0.17694
0.14138 0.14196
0.10646 0.10697
0.071549 0.071985
0.036634

0.036998
0.0020126 Min

0.0017192 Min

Fig 16: Total deformation plot for 0°. Fig 17: Total deformation plot for 10°.

Az slkeew_ 20

Total Deforrmation
Twpe: Total Deformation
it reom
Tirme: 10

A Static Structural
Total Deforrmation
Twpe: Total Deformation
Uit rmirm
Tirme: 10

0.32682 hMax 0.32538 Max

0.z29071 0.22942
0.2546 0.25348
o.21849 0.2175=
0.18238 0.1215%2
0.14627T 0.14562
0.1101a 0.10962
0.074054 0.073728
0.037945 0.02FFFT

0.0018363 Min D001 8272 Min

Fig 18: Total deformation Plot for 20°. Fig 19: Total deformation Plot for 30°.

4. CONCLUSIONS

From the analysis following conclusions can be made

» The skew angle can considerably change the blade/disc interface stress distribution.

» The contact edge stress distribution pattern over the interface plays important function in the fretting
damage at the dovetail interface.

» The peak contact stresses are observed near the bottom and top contact edges of blade and disc.

 The results indicate the increase in interference fit will reduce the amplitude of cyclic loading stress at the
top and bottom contact edge of interface.

« Von-misses stress is maximum for 20° skew angle i.e. 368MPa at 10000 rad/s and minimum for 0° skew
angle i.e. 314MPa. The obtained stresses for both the skew angle is less than the yield stress of the material.

» The mathematical models developed for determining the von-Misses stress is very much valid for any
variable within the scope of this investigation.
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