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ABSTRACT: The topic of this work is to discover the variations of depth, shapes and locations of the crack on 

the natural frequency of cantilever circler shaft. Thirty-two cracked Aluminium shafts have 25 mm diameter and 

45 mm length were experimentally tested with 1,2,4,5 mm crack depths and different positions on the beam were 

applied. Three different finite element models, using ANSYS – APDL (17.2) were built to simulate the crack in 

the cantilever shaft. The results showed that increasing the depth of crack reduces the frequency of shaft for same 

mode number. While, at the small crack depth, there is no influence of crack position on the first and second 

modes of frequencies. 
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INTRODUCTION 

Beams are extensively used in various engineering application fields, like machinery, aerospace, automobile and 

else. [1–4]. Beams such as structures are treated with static and /or dynamic loading. Due to different causes like 

wear and temperature fluctuation, cracks could cause failure [5]. If these cracks are not discovered early, an 

unexpected failure like catastrophic consequences may be obtained [6,7]. The method of destruction of the crack 

in cantilever shaft is crucial not only for save operation conditions but also restoring performance of the system. 

All structures have rigid nature can cause some irregularities which may lead to progress of crack. The dynamic 

properties of the beam will be changed if it suffers from damages. The stiffness, natural frequency, mode shapes 

and else can be affected by development of cracks. Most researchers have simulated the cracks as a linear system 

because they have assumed that cracks are always opening during vibration of the beam. Therefore, they used 

mode shapes and natural frequencies to determine the crack severity. However, these linear response features are 

not valid when detecting fatigue cracks due to the crack breathing effect in reality [8]. During the previous years, 

a number of scholars have utilized the various nonlinear characteristics of beams with breathing cracks by 

adopting analytical solutions [9–11], numerical procedures [12-14] and experimental techniques [15-17]. 

In the opening crack model, Sahu and Rohini [18] considered a square area of mild steel specimen to examine the 

act of cracks on the free vibration of cantilever shaft. FEM in MATLAB environment was used and from theory 

of linear elastic fracture, a local flexibility matrix was added to the total flexibility matrix. Chandra et al [19] 

investigated the fracture behaviour of columns and cracked beams as a result of crack propagation using the FEA. 

Orhan [20] studied the behaviour of cantilever shaft for free and forced vibration, influence of two edge cracks 

was taking into account to observe the crack reaction on the frequency parameters. Prathamesh [21] also observed 

the changes in the natural frequencies due to using different boundary conditions and crack depth and location. 

High-pass filters and domain decomposition method were utilised [22] to examine the natural frequency and 

destruction observation of Euler-Bernoulli cracked beams. The proposed method was accurate and effective and 

experimental work was performed to verify it. A number of papers were carried out by researchers [23-26] to 

specify the crack type implementation on the free vibration of beam theoretically and experimentally.    

Euler-Bernoulli and Timoshenko theories were a doubted to calculate the free and forced vibration for the 

functional graded material (FGM) cracked beams by Yang et al [27] and Ke et al [28]. Applying of open edge 

cracks for various boundary conditions on the frequency of FGM beam were also investigated. For multiple 

cracked beams, Aydin [29] and Wei et al [30] found the frequency equations of bending vibration of FGM cracked 

beams in the third order mode. The technique of transfer matrix was used by the authors based on random number 
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of cracks. Sherafatnia et al [31] and Rakideh et al [32] organized the frequency equations where they manipulated 

the gained results to arrange a neural network that can establish properties of cracks on shaft. The FEA was also 

employed to determine the frequency of the FGM beam relying on size and location of cracks [33-35]. In present 

work, variation of the location, shape and depth of the crack on the natural frequency and mode shape of the 

cantilever beam where studied experimentally. A finite element analysis (FEA) using ANSYS software 17.2 was 

adopted to verify the results.  

Problem Description and Experimental Work 

In this work, the natural frequency of cracked and un-cracked cantilever aluminium shaft was measured 

experimentally. Aluminium shafts with diameter (25 mm) and length (45 cm) were applied. The position of crack 

was (5, 10, 15, 20, 25, 30, 35 and 40) mm far from the fixed end, and the depth of crack was (1, 2, 4 and 5) mm. 

The density and the Young Modulus of the shafts were measured experimentally in the lab and these properties 

are reviewed in Table (1). 

Table 1. The Properties of the Aluminium shafts. 

Property of material Modulus of Elasticity (E) Poisson's Ratio(ν) Density  (ρ) 

Aluminum  70 GPa. 0.3 
2700 m

3 

 

To measure the frequencies of the intact and cracked shafts, the accelerometer model (SN 151779) was utilized 

to obtain the response of the shaft. Impact hammer model (086C03) was employed to excite the shaft and an 

amplifier model (480E09) was used to amplify the accelerometer signal and send it, the output signal, to an 

oscilloscope model (ADS 1202CL+). The experimental rig diagram is shown in Figure. 1. 
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Figure 1. Experimental Rig diagram. 

In additional to the intact cantilever shaft, 32 cracked cantilever beams with various crack positions and depths 

were also performed to obtain the frequencies experimentally and these cases can be summarized in Table (2).  

Table 2. Crack Position and Crack Depth of the Cracked Cantilever Shaft Used in this Work. 

No. Length of Shaft (cm) Crack Position from Fixed End (cm.) Crack Depth (mm.) 

1 

45 

5 1, 2, 4 and 5 

2 10 1, 2, 4 and 5 

3 15 1, 2, 4 and 5 

4 20 1, 2, 4 and 5 

5 25 1, 2, 4 and 5 

6 30 1, 2, 4 and 5 

7 35 1, 2, 4 and 5 

8 40 1, 2, 4 and 5 

Theoretical Work 

Three finite element models, using ANSYS – APDL (17.2) were built to simulate the crack in cantilever shaft 

with an element SOLID187 was used. The SOLID187 is a 3-D high order element with 10-nodes and it has a 

quadratic displacement behavior and well suited to model the irregular mesh. The number of elements were 

between 25000 and 40000 and the number of nodes were between 15000 and 45000. It is well known that the 

crack is a source of stress concentration which could affect the frequency of the cantilever beam. Therefore, in 

these three models the variation of the natural frequency due to changing the crack shape was investigated. As 

well as, to the variation in the crack shape, the depth and the position of the crack were also observed. These three 

models are: 

First Model 

The crack shape is a rectangular shape as can be seen in Figure. 2. Uniform depth along the crack thickness was 

assumed where the crack thickness is 1 mm. There are two angles of stress concentration with an angle equal to 

(90o). 
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Figure 2. The Crack Shape of the First Model. 

Second Model 

In this model, the crack shape is a triangular shape, Figure. 3. The crack tip was assumed to be lies at the maximum 

depth of crack as a result of machining process by a cutter tool and the crack thickness is (1 mm). The crack tip is 

the source of stress concentration with an angle smaller than (90o) when the depth of crack increases the angle of 

stress concentration decreases with fixed crack thickness.  

    

Figure 3. The Crack Shape of the Second Model. 

Third Model 

The crack shape in this model is a combination of rectangular and triangular shapes as can be seen in Figure. 4. 

The crack tip was assumed to be lies at the maximum depth of crack and the crack thickness is (1 mm). The crack 

tip is the source of stress concentration with angle (2α). It is assumed that the value of angle (α) is (30, 45 and 

60o).  

 

Geometry of Crack 

         

α=30o. 
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α=45o. 

       

α=60o. 

Figure 4. The Crack Geometry of the Third Model and Mesh When α= 30, 45 and 60o. 

RESULTS AND DISCUSSION 

Figure 5 shows the comparison between the experimental and numerical first mode frequency when the depth of 

crack increases for different crack positions. Numerically, when the position of crack is (5cm) near to fixed end, 

the first mode frequency decreases with increasing the depth of crack. Also, the results of the second model are 

the lower results comparing with the first and third models. In third model, the first mode of frequency increases 

when the angle (α) raises. The same behaviour can be seen when the position of cracks is 10 ,15 and 20 cm close 

to fixed end. When the position of crack is larger than (20 cm), there is no influence for the depth of crack on the 

first mode natural frequency. The crack means reducing in cross section area (i.e. reducing in second moment of 

inertia) and this leads to reduce the stiffness of shaft at this crack position. The crack depth has an effect on the 

second mode natural frequency which is shown in Figure. 6.  

The second mode frequency decreases when the depth of crack becomes greater and the crack position increases 

up to (35 cm). Also, Figure. 7 shows the relation between the depth of crack and the third mode natural frequency. 

Where, it can be seen that the third mode frequency decreases with increasing the depth of crack. When the crack 

depth increases the reducing in stiffness get bigger. Therefore, this fact is noted in Figures. 5 to 7, but with 

limitations. One of these limitations is the crack position and mode number. The decreasing rate of second mode 

frequency due to varying depth of crack, depends on the crack position. Also, the behaviour of the second Model 

differs than other models and depends on the crack position. Generally, the crack causes reducing in stiffness of 

shaft and when the crack lies close to fixed end, the reducing in stiffness of shaft will be larger than that close to 

free end. Therefore, the frequency reduces when the crack occurs close by fixed end.  

As a results, when the crack depth is 1 or 2 mm, the first and second mode frequencies are constant at any position 

of crack as shown in Figures.8 and 9. While the first and second modes of frequency decrease when the crack 

position becomes closer to the fixed end at crack depth is 4 and 5 mm. Also, the variation rate of first and second 
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mode frequencies increase when the depth of crack increases. In Figure. 10, there are irregularities in the results 

of third mode natural frequency. This irregularity happens because of increasing the number of modes. 

          

p c =5 cm.                                                                            p c =10 cm. 

       

p c =15 cm.                                                              p c =20 cm. 

       

p c =25 cm.                                                                          p c =30 cm. 

       

p c =35 cm.                                                                           p c =40 cm. 

Figure 5. First mode frequency against depth of crack. 
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p/c : position of crack 

       

p c =5 cm.                                                                       p c =10 cm. 

     

p c =15 cm.                                                                         p c =20 cm. 

       

p c =25 cm.                                                                     p c =30 cm. 

       

p c =35 cm.                                                               p c =40 cm. 

Figure 6. Second mode frequency against depth of crack. 
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p c =5 cm.                                                                    p c =10 cm. 

        

p c =15 cm.                                                                    p c =20 cm. 

         

p c =25 cm.                                                                p c =30 cm. 

      

p c =35 cm.                                                                 p c =40 cm. 

Figure 7. Third mode frequency against depth of crack. 
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d c =1 mm.                                                                      d c =2 mm. 

         

d c =4 mm.                                                                    d c =5 mm. 

Figure 8. First mode frequency against position of crack. 

d/c: depth of crack 

         

d c =1 mm.                                                                d c =2 mm. 
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d c =4 mm.                                                                   d c =5 mm. 

Figure 9. Second mode frequency against position of crack 

        

d c =1 mm.                                                         d c =2 mm. 

      

d c =4 mm. d c =5 mm. 

Figure 10. Third mode frequency against position of crack. 

CONCLUSIONS 

From the results, the following points can be concluded: 

1) The frequencies of cracked shaft depend on the crack depth, when the crack depth increases the frequency 

decreases for the same mode number.  

2) When the mode number increases, the crack depth effects on the natural frequencies increase. In other 

word, the variation rate of natural frequencies increases when the mode number increases at the same 

crack depth. 
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3) The frequencies of cantilever shaft depend on the crack position, the first, second and third mode 

frequencies decreases when the crack lies close to the fixed end for the large crack depth. 

4) For the small crack depth, there is no effect of crack position on the first and second modes of frequencies. 

5) Finally, the third model is suitable for crack simulation in shaft and the effect of crack angle (2α) is 

sharply appear in this model.  
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