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Abstract— The study of cracks and its location is very 

important as the shaft is main parameter to transmit power 

from one point to another point in various industries and also 

in various machines like turbine, generator, and aero engines. 

Failure of shaft is directly affects on the safety of 

environment around the machine. Also, to increase the power 

transmission efficiency in machines shafts should not be 

defected. In this, study has done on cracks on solid shaft such 

as helicoidal cracks. In the current analysis, methodologies 

have been developed for damage detection of a cracked shaft 

using experimental and simulation in FEA software. In 

experimental analysis using FFT analyzer results has 

calculated. These results are compared with model simulation 

in FEA software MSC Nastran 2013. 
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I. INTRODUCTION 

The issue of crack detection and diagnosis has gained wide 

spread industrial interest. Crack or damage affects the 

industrial economic growth. Generally, damage in a structural 

element may occur due to normal operations, accidents, 

deterioration or severe natural events such as earth quake or 

storms. Damage can be analyzed through visual inspection or 

by the method of measuring frequency, mode shape and 

structural damping. Damage detection by visual inspection is 

a time consuming method and measuring of mode shape as 

well as structural deflection is difficult rather than measuring 

frequency. As Non- destructive method for the detection of 

crack is favorable as compared to destructive methods. So, 

our analysis has been made on the basis of non-destructive 

methods with the consideration of natural frequency. 

Shaft is a rotating element, due to rotations and 

loading conditions defect may produce in the shaft. As defect 

produces it directly affects on performance parameters of the 

shaft. Also, Efficiency of shaft may reduce. So, defects 

produced like helicoidal cracks transverse, longitudinal and 

bends can be studied. In this thesis, helicoidal crack is studied 

with cracks at different locations and with different speed 

conditions. Also, loading condition is applied for the crack 

study. 

II. LITERATURE REVIEW 

Zhaohui Ren et. al [1] have personated the study Crack fault 

diagnosis of rotor systems using wavelet transforms. Three 

different crack depths of rotor crack faults were simulated on 

a cracking rotor test-bed. The experiment results show that 

the present method is effective in determining the frequency 

structure of the signal, especially the twofold frequency 

component, which can be measured at half of the critical 

speed. it is found that the reassignment wavelet scalogram is 

superior to other methods. The wavelet transform method 

used to diagnose cracks in a rotor system is an efficient tool 

to obtain the results including frequency domain 

characteristics that could not be found using other methods. 

Qinkai Hann et. al [2] has analyzed a geared rotor 

bearing system with slant breathing crack. In his study 

vibration problems associated with geared systems has been 

focused. The effects of crack depth, position and type 

(transverse or slant) on the system dynamic behaviors were 

considered in this paper. The comparative study with slant 

cracked geared rotor was carried out for distinctive features 

in his modal, parametric instability and frequency response 

behaviors. 

Ramezanpour et. al [3] has investigated dynamic 

behavior of a Jeffcott rotor system with a slant crack under 

arbitrary crack orientations. In this paper a symmetric relation 

for global stiffness matrix was presented. Also investigation 

on the influence of crack orientations on the flexibility 

coefficients and the steady state response of the system had 

done. The results from this paper indicate that, results of 

flexibility coefficients were greatly varied by increasing the 

crack angle from 300 to 900 (transverse crack). Maximum 

values of the flexibility coefficients were observed at 600 

crack orientations. 

Yanli Lin et. al [4] has done work for a Jeffcott rotor 

system with a 450 slant crack on the shaft. The paper shows 

that besides the coupling stiffness, there was bending torsion 

coupling caused by the eccentricity. All these couplings affect 

the responses of the slant cracked shaft and for the transverse 

cracked shaft. Analysis of steady responses indicates the 

combined frequencies of the rotating speed and the torsional 

excitation in the transversal response. The frequency of the 

torsional excitation in the longitudinal response used to detect 

the slant crack on the shaft of the rotor system. 

Ashish K. Darpe [5] has done comparison between 

rotor with slant and transverse crack was made with regard to 

the stiffness coefficients and coupled vibration response 

characteristics. Compared to transverse crack, the stiffness 

matrix for slant crack was more populated with additional 

cross coupled coefficients. . The larger cross coupled stiffness 

values for slant crack had stronger cross coupling in the 

bending torsional longitudinal vibrations compared to the 

transverse crack. To calculate unbalance and torsional 

excitation of cracked rotor, response dependent nonlinear 

breathing crack model used. In this comparison had done with 

transverse crack rotor to carry out distinctive features in the 

response. 

Ashish K. Darpe [6] has presented a way to detect 

fatigue transverse cracks in rotating shafts. Wavelet 

transforms (WTs) was used in revealing the transient features 

of the resonant bending vibrations, which were set up for a 

short time upon transient torsional excitation. Detection 

methodology gives a vibration response signature that closely 

correlates with and was specific to the behavior of transverse 

surface crack in a horizontal rotor. The response features 

were not exhibited by other common rotor faults under 
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similar excitation conditions. The detection process was 

applied for a rotating shaft for short period, transient external 

excitation made the methodology more convenient. 

A. S. Sekhar [7] has done the detection and 

monitoring of slant crack in the rotor system using 

mechanical impedance. This paper also synthesizes several 

works of the authors on cracked rotors to compare the two 

types of shaft cracks. Crack detection based on changes in 

mechanical impendence, Eigen value analysis, steady state 

and transient response. Wavelet techniques had been 

discussed in this paper to compare slant crack with transverse 

crack. 

A. S. Sekhar [8] has analyzed the dynamic behavior 

of structures in particular rotors containing cracks as a subject 

of considerable current interest. In this paper the study of 

finite element “FEM” analysis of a rotor bearing system for 

flexural vibrations had considered by including a shaft having 

a slant crack. In this study, the frequency spectrum of the 

steady state response of the cracked rotor was found to have 

sub harmonic frequency components at an interval frequency 

corresponding to the torsional frequency. This torsional 

frequency used for crack detection. 

N. Bachschmid et. al [9] says in his paper that 

fatigue cracks can develop in rotating shafts their propagation 

is mainly in planes perpendicular to the axis of rotation, but 

also slant or helicoidal cracks could appear in industrial 

machine shafts. In his study he observe the static elastic 

behavior of a shaft affected by a slightly helicoidal crack by 

means of 3D finite element non-linear models, calculating 

deflections in different load conditions. The results show the 

additional vibrations caused by the crack which could be 

measured in different operating conditions of the group. 

III. DYNAMIC ANALYSIS OF SHAFT 

Dynamic analysis is a process of looking for anomalies and 

monitoring change from the established vibration signature of 

a system. The vibration of any object in motion is 

characterized by variations of amplitude, intensity, and 

frequency. Vibration analysis can be used to find a 

developing problem that can be repaired to increase machine 

lifetime, detect and monitor a chronic problem that cannot be 

repaired and will only get worse, establish acceptance testing 

criteria to ensure that installation/repairs are properly 

conducted. 

IV. EXPERIMENTATION 

The experimentation is carried out on an intact shafts and 

defects developed shafts with experimental set up as shown 

in fig.4.1. Experimentation is done using the FFT analyzer. 

These experimental results are recorded in memory of 

computer. Speed variations are taken as 500, 1000 and 1500 

rpm for experimentation. 

 
Fig. 1: Top View of Arrangement of Experimental Setup 

A. Procedure for Obtaining Results 

1) Experimental readings were taken for different shaft 

speeds, for helicoidal cracks crack on shafts respectively 

for all the cases discussed in parametric study. 

2) An Acceleration sensor with its magnetic probe was 

attached to test bearing housing. This sensor is kept on 

bearing which is opposite side to motor. A FFT Spectrum 

analyzer was powered by external DC Source and 

connected to the sensor. 

3) A DC Motor was started. The shaft speed was measured 

using Digital Tachometer. At the known RPM of a shaft, 

the spectrum was recorded through FFT Spectrum 

analyzer. 

4) The Speed of motor was gradually increased using 

dimmer stat which was connected in series with motor. 

The corresponding spectra were recorded through FFT 

Spectrum analyzer. 

5) The test helicoidal cracks cracked shaft was then 

dismantled from the housing. A known another shaft was 

introduced in the same & further it was reassembled. 

6) The step No. 3,4,5,6 was repeated for the healthy and 

helicoidal cracks cracked shaft. 

B. Experimental observations for experimentation 

 
Fig. 2: FFT Spectrum For 290 Crack Orientation At 100 Mm 

Crack Location For 500 Rpm Speed With 0.5 Kg Disc 

Weight 
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Fig. 3: FFT Spectrum For 550 Crack Orientation At 100 Mm 

Crack Location For 1500 Rpm Speed With 0.5 Kg Disc 

Weight 

V. NATURAL FREQUENCY ANALYSIS 

The natural frequencies of a structure are the frequencies at 

which the structure naturally tends to vibrate if it is subjected 

to a disturbance and the deformed shape of the structure at a 

specific natural frequency of vibration is termed its normal 

mode of vibration. The reason to compute normal modes is to 

assess the dynamic interaction between a component and its 

supporting structure. 

A. FEA results for modal analysis of shaft 

 
Fig. 4: CAD Model for Shaft with Helicoidal 290 Crack at 

100mm from Bearing Side 

The natural frequency and mode shape analysis has 

done with MSC-NASTRAN13. Modeling has been carried 

out in CATIAV5R17 software and it is meshed by TET10 

element. 

 
Fig. 5: Meshed Model of Shaft near the Helicoidal Crack 

 
Fig. 6: Meshed Model of Shaft with Helicoidal Crack 

B. Mode shapes of healthy shafts 

The model analysis is carried out in MSC-NASTRAN2013 

and first three natural frequencies for healthy shaft are 

calculated. These natural frequencies for different disc weight 

are as shown in Table 1. 

Mode shapes 
Frequencies (Hz) 

0.5 kg 1 kg 1.5 kg 

1 102.56 91.9 82 

2 102.58 92.1 82.5 

3 335.7 330.8 310 

Table 1: Numerical natural frequencies for healthy shaft 

with different disc weight 

From table 1 it is observed that there is not much difference 

in first and second natural frequencies for all disc weight but 

third natural frequencies are deferred from first two. Also as 

the disc weight increases natural frequencies are decreasing 

that is because natural frequency of any system is inversely 

proposal to the weight of the system. 

 
Fig. 7: Mode Shape for 0.5 Kg Disc for Healthy Shaft 

 
Fig. 8: FFT Spectrum Indicating First Natural Frequency for 

0.5 Kg Disc for Healthy Shafts 

Disc 

Weight 

(kg) 

Frequencies (Hz) 
Difference 

in % Numerical Experimental 

0.5 102.56 97.21 5.068 

1 91.9 77.21 15.98 

1.5 82 78.92 3.75 

Table 2: Comparison of numerical and experimental first 

natural frequency for all disc weight 
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Fig.9 Comparison of Numerical And Experimental First 

Natural Frequency For All Disc Weight 

Above table 2 and fig.9 indicates that the natural 

frequency in both cases numerical and experimental goes on 

decreasing with weight. The numerical values are closed 

matching with experimental results for all disc weights. 

This comparison is maid for only first natural 

frequencies. It is observed that the variation in numerical and 

experimental values of first natural frequency for 0.5 kg disc 

is 5.068 % and for 1 kg disc it is 15.98 % and for 1.5 kg disc 

it is 3.75 %. These variations are in permissible limit. 

C. Mode shape analysis for cracked shafts 

Natural 

Freq. 

Amplitude m/s2 

Healthy Shaft 290crack orientation 

0.5kg 1kg 1.5kg 0.5kg 1kg 1.5kg 

1 102.56 91.9 82 102.5 91.5 82.74 

2 102.56 92.1 82.5 101.6 91.9 82.78 

3 335.7 330.8 310 334.1 331 331.5 

Table 3: Numerical fundamental natural frequency for all 

disc weight all crack orientation at 100 mm location 

450crack orientation 550crack orientation 

0.5kg 1 kg 1.5 kg 0.5kg 1kg 1.5k 

102 91.6 82.72 103.7 91.8 82.7 

102.8 91.92 82.76 103.8 92 83.1 

335.75 330.8 311.53 336.5 330 324 

 
Fig. 10: Crack Angle Vs. First Natural Frequency for 0.5 Kg 

Disc 

 
Fig. 11: Disc Weight vs. Natural Frequency for 290 Crack 

Orientation 

From table 3 it is observed that there is very less 

effect of crack on the natural frequency of rotating shat. This 

behavior of natural frequency may observe due to more 

stiffness of the EN8 material as compared to the crack depth. 

From figure 10 it is observed that the natural frequency has 

decreased for 450 crack but suddenly it has increased for 550. 

The highest first natural frequency has observed for 550 crack 

orientation as compared to other crack orientation. The 450 

crack orientation gives lowest natural frequency. Figure 10 it 

is observed that natural frequency decreases as increase in the 

system weight. This behavior is not affected by the crack 

angle. The decrease in natural frequency is due to the reason 

that natural or fundamental frequency is a function of weight 

and various inversely with weight. 

VI. EXPERIMENTAL RESULTS AND DISCUSSION 

The test rig has been fabricated with helocoidal cracks 

generated on shafts. At the time of experimental work, FFT 

analyser with accelerometer is used for measurement of 

vibrations of healthy shaft and shafts with helocoidal cracks 

at different location with different orientations. This 

experimentation has carried out for different disc weight and 

different speed. 

 
Fig. 12: Variation in Acceleration with Speed for Healthy 

Shaft 

 
Fig. 13: Variation in Acceleration with Speed for 290 

Helicoidal Crack at 100 Mm from Bearing End 

The experimental results plotted for 290 crack orientation at 

100 mm from bearing side. The values of results for crack at 

100 mm location for 0.5 kg, 1 kg and 1.5 kg Disc are 

compared in above figure no. 13. As the shaft speed increased 

the amplitude of vibration increased from 500 rpm to 1500 
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rpm. In addition to this the highest amplitude is observed for 

1.5 kg disc at 1500 rpm. The graph for each disc shows 

increasing trend of amplitude. 

A. Shaft with Helicoidal Crack at 300mm and 290 

Orientation 

 
Fig. 14: Variation in Acceleration with Speed for 290 

Helicoidal Crack at 300mm from Bearing End 

A very similar result has been found also for the 290 

helicoidal crack at 300 mm from bearing end, for which the 

increase in speed give rise in amplitude of vibrations. Fig.14 

shows that for 1.5 kg disc weight initial amplitude level is low 

for 500 and 1000 rpm but for 1500 rpm it increase rapidly. 

The increase in amplitude for 0.5 kg and 1 kg disc load take 

place with some linearity. 

Speed 
Amplitude(m/s2) 

290 450 550 

500 0.17 0.529 0.143 

1000 0.231 0.685 0.551 

1500 0.251 1.91 0.934 

Table 4: Relation between crack orientation angle and speed 

for 1 Kg disc weight 

Further insight into the important trends for different 

helicoidal crack angle is found by analysis of above table, it 

shows the relation of speed with vibration amplitude for 

various crack angle. As expected, the variation in amplitude 

for 450 crack graph is showing higher amplitudes with 

increasing trend for all speed range. The 290 crack has almost 

same amplitude for all speeds and 550 is showing leaner 

relationship. This trend of higher amplitude for 450 is 

probably due to the principal stress are acting at 450 on a shaft 

while transmitting torque. 

VII. CONCLUSION 

The various observations which are made during dynamic 

analysis of rotating shaft for different helicoidal crack with 

different rotor weight lead to conclusion that, Natural 

frequency decreases as increase in the system weight. This 

behavior is not affected by the crack angle. There are very 

little changes in the natural frequencies of healthy and 

cracked shafts. As speed increases the amplitude of vibrations 

are increased for all rotor weight (0.5 kg, 1 kg and 1.5 kg). 

For every angle of orientation of helicoidal crack (290, 450 

and 550) the amplitude of vibration increases as shaft speed 

increases. The rotor weight at the center of shaft gives 

increase in amplitude as weight increases for 0.5 kg and 1.kg 

rotor weight but for 1.5 kg weight amplitude slight decreases 

for 1500 rpm. This may have happened due to whirling 

behavior of shaft. 

For 450 crack graph is showing higher amplitudes 

with increasing trend for all speed range. The 290 crack has 

almost same amplitude for all speeds and 550 is showing 

leaner relationship. This trend of higher amplitude for 450 is 

probably due to the principal stress are acting at 450 on a shaft 

while transmitting torque. 
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