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Abstract: Blisk is a relatively new type of wheel disk structure, unlike previous disk 

structure that blade and wheel disc coupled together. Instead the blade and wheel 

disc manufacturing into a whole, so that can save material, reduce disc weight and 

improve operational efficiency. Through the study of the vibration characteristics of 

the whole blade disc, it can be more intuitive to understand the impact of the engine 

caused by the vibration of the blade, and make the theoretical evidence for the fault 

detection of aero-engine. In this paper the inherent characteristics of the whole blade 

disc were analyzed and the vibration characteristics of the blisk structure is analyzed 

by using ANSYS software. Through the frequency analysis and the modal analysis to 

further provide a basis for the study of blisk structure design and vibration analysis to 

further provide a basis for the study of blisk structure design and vibration analysis. 
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1. Introduction 

Aero engine is a very complex structure of high speed rotating machinery. The 

vibration of the engine is a complex periodic vibration and complex random vibration. 

These characteristics determine the complexity of the vibration measurement of the 

engine [1-2]. The light weight and high speed of the blade disk structure of modern 

aero engine make the structural form of the whole blade disc more and more widely 

used, so it is necessary to study the analysis theory and vibration characteristics of 

the whole blade disc coupling vibration. 

The blisk is a new type of disc structure in the aero engine. How to improve its 

performance is the most important problem. Compared with disc coupling system, the 

whole blade disc has the following characteristics: 

(1). It does not require the weight of the mortise and tenon of the blade and the 
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weight of the supporting structure. 

(2). The edge tenon is the drum wheel, Remove the contact stress of the tenon and 

eliminate the torque caused by the compression stress of the tenon mounting Angle. 

It reduces the weight of the disc and increases the vibration frequency of the blade. 

(3). Since there is no installation like disc combination such as bolt, nut, lock fittings, 

so the number of parts is reduced a lot, preventing the friction between the tenon and 

mortise, displacement, disc damage and other accidents. So the working life and 

safety performance of the engine have been greatly improved. 

 

2. Establishment of a finite element model 

2.1 3D model establishment 

This paper mainly studies the composite structure of disc, in which the blade is torsion 

blade with variable section. The whole blade disc structure is quite complex, it is very 

difficult to directly build the aero-engine integral impeller model in ANSYS, so the solid 

model of the blisk is established in the 3d software Pro/E and then imported into 

ANSYS. In modeling, the solid model was established by using 1/24 of the blisk in 

order to facilitate analysis. The simplified model is shown in Fig. 1. 

 

Fig. 1 Simplified model diagram 

 

2.2 Material attribute definition and unit selection 

The whole disk unit of this paper is selected as Solid185 unit. The material used is 

titanium alloy Ti-6Al-4V (TC4 alloy), Ti-6Al-4V is bi-directional alloy. It has good 

comprehensive performance and can be better used for thermal pressure processing. 

The parameters of the Ti-6Al-4V are listed in the following table. 

 

Table 1 Ti-6Al-4V material performance data at room temperature 

Density  /g·cm-3 Elastic Modulus  E/MPa Poisson's ratio    

4.5 1.10× 105 0.3 

 

2.3 Mesh generation 

In order to make the distribution and size of the grid element more reasonable, reduce 

Leaf blade 

wheel disc 

wheel hub 
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the calculation amount of the analysis and improve the accuracy of the results, the 

free mesh is used to divide the whole blade disc. 

The solid model of the bladed disc is imported into the finite element software ANSYS, 

and the finite element model of the whole blade disc is shown in Fig. 2. 

 

Fig. 2 Mesh model 

 

2.4 Boundary condition 

In practical work, the wheel assembly is rotated on the rotating shaft, so it is necessary 

to apply the fixed constraint on the wheel disk in the axial and circumferential 

directions. In the modal analysis[3-5], the application of the boundary conditions will 

increase the accuracy of the analysis. The constraint conditions of the whole blade 

disc are shown in Fig. 3. 

 

Fig. 3 Apply full restraint on the blade disk 

In the actual calculation. It is necessary to apply the cyclic symmetric boundary 

condition to the basic sector to make it a complete whole blade disc. So it can better 

simulate the actual working process of the whole blade disc and make the calculation 

closer to the actual working condition. The extended finite element model is shown in 

Fig. 4. 

 

Fig. 4 The extended finite element model 

 

Constraint surface 
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3. Results analysis 

3.1 Natural frequency 

Nodal diameter：In a circularly symmetric structure, the mode of vibration is observed 

under certain conditions. It is found that in most vibration modes, the number of zero-

displacement node numbers throughout the structure is an integer, which determines 

that the angle change of a single degree of freedom at the point is the same 

circumference angle. 

Based on the established finite element model, the natural frequency of the whole 

blade disc is calculated, and the calculation results of the 6 order natural frequencies 

of the whole blade disc are observed. The inherent characteristics of the whole blade 

disc are analyzed. As shown in table 2. 

Table 2 The natural frequency of the first 6 order of the whole blade disc 

Nodal diameter 

/m 
1 order 2 order 3 order 4 order 5 order 6 order 

0 155．73 544.27 954.84 1338.7 1432.4 1857.6 

1 157.60 157.60 511.37 511.37 1079.5 1079.5 

2 157.65 157.65 545.35 545.35 1150.9 1150.9 

3 157.65 157.65 573.71 573.71 1187.5 1187.5 

4 157.64 157.64 582.40 582.40 1197.5 1197.5 

5 157.64 157.64 586.39 586.39 1201.9 1201.9 

 

3.1 Vibration mode analysis 

The vibration mode of the blisk is analyzed in finite element method. Fig. 5 is the 

vibration pattern of the 1st, 3rd and 5th order of the whole blade disc with Nodal 

diameters of 0, 2 and 4. 

             

(a) 0 nodal diameter 1st order     (b) 0 nodal diameter 3rd order     (c) 0 nodal 

diameter 5th order 
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(d) 2 nodal diameter 1st order     (e) 2 nodal diameter 3rd order     (f) 2 nodal 

diameter 5th order 

                

(g) 2 nodal diameter 1st order     (h) 2 nodal diameter 3rd order     (i) 2 nodal 

diameter 5th order 

Fig. 5 The vibration pattern of the 1st, 3rd and 5th order of the blisk with Nodal 

diameters of 0, 2 and 4. 

 

4. Conclusion 

The structure of the whole blade disc is a circular symmetric structure, and the natural 

mode of the vibration mode is not the only existence and the vibration of the mode of 

the different nodal diameter and the nodal circle will have different effects on the 

whole blade disc. 

For the same nodal diameter, the vibration of the blisk appears at higher frequencies. 

However, the vibration of the blade is more complicated. As the nodal diameter 

increases, the vibration mode of the whole blade disc more shows as the vibration of 

the blade. 

With the increase of the natural frequency order, the corresponding vibration mode is 

also changing, but close to the same frequency near the two-order mode, the position 

of node diameter is different . 
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