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Abstract: In this paper, the finite element dynamic analysis and experimental study of 

the rotating shaft of composite materials with different fiber materials and different ply 

angles are carried out. In this paper, the rotation axis of three kinds of composite 

materials, carbon fiber epoxy resin, glass fiber epoxy resin and aramid fiber epoxy resin, 

was studied. 0 degrees, 45 degrees and 90 degrees were selected respectively. The 

finite element analysis software ANSYS was used to model the rotating shaft, and the 

finite element dynamic credits of the rotating shaft of the composite material were 

carried out. In order to get the natural frequencies and formations of each order. Then, 

the rotor dynamics experiments of different composite rotating shaft specimens are 

carried out to obtain the curves of natural frequencies varying with rotational speed. 

Finally, the influence of fiber ply angle and fiber material on the dynamic characteristics 

of the composite rotating shaft is analyzed by comparing the finite element analysis 

with the experimental calculation results. Therefore, it is important to analyze the 

influence of different fiber layer angles on the dynamic characteristics of the composite 

shaft and the influence of different fiber materials on the axial dynamics.  
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1. Introduction 

With the progress and development of computer technology and finite element 

analysis, as well as the development of finite element software, more researchers 

began to use ANSYS, ABAQUS, Nastran and other finite element analysis software to 

study the composite shaft. T. Rangaswamy and other [1] optimized the drive shaft of 

automotive composite material from the number of layers, thickness and the order of 

layer, and the static analysis and buckling analysis were carried out by using ANSYS 

software. SA Mutate and [2-3] are based on the experiment and ANSYS finite element 

software to analyze the driving shaft of the mixed aluminum / composite material. The 

bearing and torsion properties of the shaft are studied at different laying angles, 
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number of layers and the order of layer, and the two results are compared. Kim et al. 

[4] used finite element analysis method to study the static and dynamic characteristics 

of high-speed rotating shaft of composite material. The results show that the bending 

stiffness of the composite shaft is affected by the order of the layer, but the natural 

frequency does not change significantly when the order of the layer changes, and the 

dynamic mechanical properties are very sensitive to the winding layer mode. Alwen 

and other [5] used ANSYS software to model and dynamic analysis the thin-walled axis 

and solid axis of the composite, and compared the analysis results with the 

experimental results. Khoshravan and other [6] based on the classical laminate theory 

to design the driving shaft of the composite material and carry out the modal analysis 

by using ANSYS.  

 

2. Finite Element Analysis 

In the field of engineering, finite element method is the most commonly used and 

effective numerical calculation method. It is widely used in structural analysis and other 

fields. 

Finite element analysis is to divide the whole solution domain into many small 

interconnected subdomains, and these small subdomains are finite elements. Since the 

simpler problem is used to solve the real complex problem, the solution is approximate 

solution. But for most practical problems, it is not easy to get accurate solutions. The 

finite element method is to discrete a continuous structure into a finite element, each 

of which sets a finite number of nodes, and the continuum is regarded as a collection 

of units that are connected only to the node. These collections can represent the 

discrete element of the continuum as a finite element. 

2.1 Dynamic Finite Element Analysis Model for Rotating Shaft of Composite Material 

The rotating shaft of the composite material designed in this paper is 1000mm with a 

detailed size as shown in Fig. 1 , in which the metal shaft material is No. 45 steel, and 

the middle thin wall hollow tube material is composite material (carbon fiber composite 

material, glass fiber composite material, aramid fiber composite material). Among 

them, the CFRP tubes have 28 layers of ply, each thickness is 0.18mm, and the ply 

angle is: (1) 0 degree lay: [            2824232213121121 0,90,0,90,0,90   ]. (2) 90 degree layer: 

[    2826251 0,90   ]. (3) + 45 degrees: [      282721 0,45,90   ]. There are 26 layers of 

fiberglass composite tubes, each with a thickness of 0.19mm. The ply angle is: (1) 0 ply: 

[            262019181110921 0,90,0,90,0,90   ]. (2) 90 degree layer: [    2624231 0,90   ]. (3) + 

45 degrees: [      262521 0,45,90   ].  
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(a)General size map 

 
(b)Axis size diagram 

Fig 1. The dimensional drawing of the composite rotating shaft 

 

 

Fig 2. The test specimen of composite shaft 

 

In this paper, a model of a rotating shaft of carbon fiber composite material with 0 

degrees is used as an example to establish the model of the specimen and analyze its 

natural frequency and corresponding modes of modal vibration. 

The modal analysis process of the composite rotating shaft specimen using ANSYS 

finite element analysis software is as follows: 

Set up the finite element analysis model: select the unit; define the material property; 

establish (import) model; define the composite layer; grid division; define assembly 

connection and boundary conditions; solution and result view. After specifying good 

analysis type and analysis options, enter the solution. Pick up menu Main Menu- 

Solution-Solve-Current LS, pop-up dialog box "Solve Current Load Step", click OK, start 

solving process. When the "Solution is done!" prompt appears, the solution is finished 

and the result can be viewed. First, look at the first three natural frequencies of the 

composite rotating shaft and pick up the menu Main Menu-General Postoak-Results 

Summary. The pop-up window shows the first three natural frequencies of the model. 

http://www.baidu.com/link?url=v2jsiW3JeoBEKfWDtZM-s8Ai6xoZ9k_158EkgGORW2z5DbTL1z96f0Gcb8dYTs8UvJkNhh-RtmJ0jB_D6fsmuynpA43bpjJ77sjzPt1sSWnUg1l8674QGfENoTP-BfVv
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2.2 Modal Analysis of the Rotating Shaft of a Composite Material 

The first three natural frequencies of the rotating shaft of CFRP are calculated by 

calculating the finite element model of the rotating shaft of the composite material. The 

results are shown in Table. 1. 

Table 1. First three natural frequencies of the carbon fiber composite shaft 

Layer angle 0° degree lay  45°degree lay 90° degree lay 

natural frequency(Hz) 

1 289.2 299.9 187.1 

2 788.8 810.8 762.7 

3 1086.2 1144.1 969.5 

By comparing the natural frequency values in the table, it is found that the natural 

frequency value of the carbon fiber composite axis is different, and the frequency value 

under the  45° degree layer is greater than the frequency value under the 0 degree 

layer, which is greater than the frequency value under the 90 degree. 

Through the modal analysis, in order to understand the vibration of the rotating shaft 

of the composite material more intuitively, the vibration pattern of the rotation axis of 

the carbon fiber composite material is derived. The results are as shown in Fig. 3 . 

 

 

        (a) First order mode                (b) Second order mode          (c) Third order mode 
Fig 3. The mode shape of the carbon fiber composite shaft 

 

From Fig. 3, it can be seen that the one or two mode vibration of the rotating shaft of 

the carbon fiber composite material shows the middle part bending, and the third order 

vibration mode is S shaped. 

The front is the result of finite element analysis for the rotating shaft of composite 

material at rest (zero speed). On this basis, the speed of the finite element model is 

applied. The speed is calculated from 0 to 4000, and is calculated every 200 times. 

Based on the modal analysis of ANSYS, the obtained Campbell diagram of the rotating 

axis of the carbon fiber composite material is shown in Fig. 4. 
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(a)                                     (b) 

 
(c) 

Fig 4. The Campbell diagram of the carbon fiber composite shaft: (a) the ply angle of 

0° (b) the ply angle of  45 (c) the ply angle of 90° 

As shown in Fig 4, the first critical speeds of the rotation axis of carbon fiber composites 

at 0 degrees,  45 degrees and 90 degrees are 1817rad/s, 1884rad/s and 1176rad/s 

respectively. 

The first three natural frequencies of the rotating shaft of the fiberglass composite 

material are obtained. The results are shown in Table. 2. 

Table 2. First three natural frequencies of the glass fiber composite shaft 

Layer angle 0° degree lay  45° degree lay 90° degree lay 

natural 

frequency(Hz) 

1 150.8 159.9 146.7 

2 661.6 786.3 650.3 

3 1005.3 1012.6 879.2 

By comparing the natural frequency values in the table, it is found that the natural 

frequency value of the glass fiber composite axis is different, and the frequency value 

under the 45 degree layer is greater than the frequency value under the 0 degree layer, 

which is greater than the frequency value under the 90 degree. 

The vibration modes of the rotating shaft of the fiberglass composite material are 

shown in Fig. 5.  
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                           (a)First order mode           (b) Second order mode 

 

(c)Third order mode 
Fig 5. The mode shape of the glass fiber composite shaft 

From Fig. 5, we can see that the one or two mode vibration of the rotating shaft of the 

glass fiber composite material shows the middle part bending, and the three order 

vibration mode is S shaped. 

The Campbell diagram of the rotation axis of the glass fiber composite is derived in Fig. 

6. 

 

(a)                                                     (b)                                                 (c) 
Fig 6. The Campbell diagram of the glass fiber composite shaft: (a) the ply angle of 0° 
(b) the ply angle of  45 (c) the ply angle of 90° 

As shown in Fig. 6, the first critical speeds of the rotating shafts of glass fiber 

composites at 0 degrees, 45 degrees and 90 degrees are 948rad/s, 1005rad/s and 

922rad/s respectively. 

 

3. Conclusion 

The main content of this chapter is the dynamic finite element analysis of the 

composite rotating shaft, and the finite element modeling of the composite shaft is 
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carried out, and modal analysis is carried out. This chapter introduces in detail the finite 

element analysis and the finite element analysis software ANSYS. The ANSYS software 

is used to model and analyze the specimen, and the process steps of the whole modal 

analysis are described in detail, including the modeling of the specimen, the selection 

of the type of unit, the mesh division, the selection of the connection part and the 

solution. For unit type selection, SOLID186 unit is selected for metal shaft head 

material and SHELL281 unit for composite material. Mesh generation is selected and 

mesh refinement is carried out to verify the convergence of grid computing results. The 

GLUE (bonding) command is applied to the bonding part of the composite thin tube 

and the shaft head to establish a reasonable finite element model. Finally, through the 

finite element modal analysis, the first three natural frequencies, mode shapes and 

Campbell diagrams of the composite rotating shaft under three kinds of lay up methods 

are obtained. 
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