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ABSTRACT 

Crack occurs frequently in rotating machinery due to manufacturing flaws or fatigue. These cracks affect 

the performance of the rotating system. If undetected it ends in the failure of the rotating part. In propeller shafts 

transverse cracks occur frequently which results in the low performance and eventually failure. The purpose of this 

project is to identify the presence of cracks in a propeller shaft using vibrational analysis. And also the effects of 

cracks at different locations and crack depth at various operating angles of the cracked propeller shaft were studied. 

Three crack locations, three crack depth and operating angle were used in the analysis. In this work a propeller 

shaft connected with two universal joints was analyzed to identify the presence of transverse crack. The crack 

locations and crack depth are changed and the variations of the vibrational characteristics with respect to various 

operation angles were studied. It is observed that the decrease in the natural frequency of the system is the primary 

indication of the presence of crack. The natural frequency further decreases with increase in the crack depth. The 

presence of crack also increases the amplitude and the amplitude increases with increase in the crack depth. A 

second peak in the amplitude vs frequency plot rises with increase in the operating angle. These effects were 

interpolated by modal and harmonic analysis on the propeller shaft system. 

Keywords: Drive Shaft, Transverse crack, Vibration analysis. 

Introduction 

PROPELLER SHAFT 

A propeller shaft or Cardan shaft is a mechanical component for transmitting torque and rotation, usually 

used to connect other components of a drive train that cannot be connected directly because of distance or the need 

to allow for relative movement between them like in automobiles which is shown in Figure 1.1. 

 

 

Fig.1.1 Propeller Shaft in a Car Fig.1.2 Universal Joint 

Drive shafts carries torque and they are subjected to torsion and shear stress, equivalent to the difference 

between the input torque and the load. They must therefore be strong enough to bear the stress, whilst avoiding too 

much additional weight as that would in turn increase their inertia. Drive shafts frequently incorporate one or more 

universal joints or jaw couplings to allow for variations in the alignment and distance between the driving and 

driven components. Thus propeller shafts have become an indispensable transmission component in automotive 

engineering and industry. 

Universal Joint: A universal joint, Hooke's joint, Cardan joint is a joint or coupling in a rigid rod that allows the 

rod to bend in any direction. It is commonly used in shafts that transmit rotary motion. The Figure 1.2 shows a 

universal joint. It consists of a pair of hinges located close together, oriented at 90° to each other, connected by a 

cross shaft. 

 
 

Fig.1.3 Propeller Shaft with Universal Joint Fig.1.4 Drive Shaft Arrangements 
Double Cardan Drive Shaft: A double Cardan joint drive shaft shown in Figure 1.3 uses two U-joints joined by 

an intermediate shaft, with the second U-joint phased in relation to the first U-joint to cancel the changing angular 

velocity. In this configuration, the angular velocity of the driven shaft will match that of the driving shaft, provided 

that both the driving shaft and the driven shaft are at equal angles with respect to the intermediate shaft (but not 
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necessarily in the same plane) and that the two universal joints are 90 degrees out of phase. This assembly is 

commonly employed in rear wheel drive vehicles, where it is known as a drive shaft or propeller (prop) shaft. 

In order to ensure constant velocity transfer of motion, shafts should be arranged correctly either in Z 

arrangement or W arrangement as shown in Figure 1.4 below. Driving & driven Joint angle should be equal. 

Maximum difference in angle can be 1 degree. Non observance of this causes vibration & failure of shaft. The Z-

arrangement driving (input) shaft & driven shaft (output) should be parallel within 1 degree. The W-arrangement 

ensures driving Joint angle is equal to driven Joint angle. 

Shaft crack: Crack is a common structural defect which may lead to improper functioning which may destroy the 

structure. A break or fracture in a shaft is almost always initiated at some imperfection on the surface, such as a 

microscopic crack, and accompanied by a stress concentration (or stress raiser) at the tip of the crack. With the 

applied stress (rotational bending, overhung load, cyclical loading, etc.) on the crack, the bond between the 

molecules of the steel break and the crack spreads across the shaft. The Figure 1.5 below shows the types of cracks.  

 

Fig.1.5 Types of Cracks in Rotors 
Depending on the amount of stress, the process of crack propagation may be very slow or very fast. The 

higher the stress, the more brittle a shaft failure will appear. Over time, there may be different rates of growth of the 

crack, depending on loading conditions. There are three different kinds of ductile and brittle failures for shafts, 

depending on the type of loading – tensile, torsional, and bending. The surface of the fracture will normally reveal a 

clue to the magnitude of the load. This means if the appearance is very brittle, then the failure occurred at the early 

stage. If the failure is very ductile or smooth, then the crack has propagated for some time. 

Machine condition monitoring: Condition monitoring is the process of monitoring a parameter of condition in 

machinery, such that a significant change is indicative of a developing failure. It is a major component of predictive 

maintenance. When a fault takes place, some of the machine parameters are subjected to change. The change in the 

machine parameters depends upon the degree of faults and the interaction with other parameters. In most cases, 

more than one parameter is subjected to change under abnormal condition. Condition monitoring can be carried out 

when the equipment is in operation, which is known as on-line, or when it is off-line, which means when it is down 

and not in the operation. While on-line, the critical parameters that are possible to monitor are speed, temperature, 

vibration, and sound.  

These may be continuously monitored or may be done periodically. Offline monitoring is carried out when 

the machine is down for whatever reason. The monitoring in such would include crack detection, a thorough check 

of alignment, state of balancing, the search for tell-tale sign of corrosion, pitting, and so on. Condition monitoring 

is taken to mean the use of advanced technologies in order to determine equipment condition, and to predict 

potential failure. Machine condition monitoring includes a different number of methods 

1. Visual inspection 

2. Vibration analysis 

3. Temperature monitoring 

4. Acoustic emission analysis 

5. Noise analysis 

6. Wear debris analysis 

7. Non-destructive testing 

The above mentioned methods are used for machine condition monitoring.  

Vibration analysis: Modern condition monitoring techniques encompass many different themes; one of the most 

important and informative is the vibration analysis of rotating machinery. Using vibration analysis, the state of a 

machine can be constantly monitored and detailed analysis may be made concerning the health of the machine and 

any faults which may arise or have already arisen. Machinery distress very often manifests itself in vibration or a 
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change in vibration pattern. Vibration analysis is therefore, a powerful diagnostic and troubleshooting tool of major 

process machinery. On-load monitoring can be performed mainly in the following three ways. 

1. Periodic field measurements with portable instruments; this method provides information about long-term 

changes in the condition of plant. The portable instruments are employed with a high load factor and can often 

be placed in the care of only one man.  

2. Continuous monitoring with permanently installed instruments; it is employed when machine failures are 

known to occur rapidly and when the results of such failure are totally unacceptable as in the case of turbine 

generator units. 

3. Signature analysis scientific collection of information, signals or signatures, diagnosis and detection of the 

faults by a thorough analysis of these signatures based on the knowledge hitherto acquired in the field, and 

judging the severity of faults for decision making, all put together, is called signature analysis. The technique 

involves the use of electronic instrumentation especially designed for the purpose of varied capacities, modes 

of application and design features. 

Based on the three methods mentioned above, on-line monitoring of the machines can be carried out. Thus 

vibration analysis act as a powerful tool for identifying machine faults. 

The vibration analysis techniques have been broadly classified into three areas. 

1. The Time Domain Method 

2. The Frequency Domain Method 

3. The Quefrency Domain Method 

The Time Domain: The time domain refers to a display or analysis of the vibration data as a function of time. The 

principal advantage of this format is that little or no data are lost prior to inspection. This allows for a great deal of 

detailed analysis. However, the disadvantage is that there is often too much data for easy and clear fault diagnosis.  

The Frequency Domain: The frequency domain refers to a display or analysis of the vibration data as a function 

of frequency. The time-domain vibration signal is typically processed into the frequency domain by applying a 

Fourier transform, usually in the form of a Fast Fourier transform (FFT) algorithm.  

The principal advantage of this format is that the repetitive nature of the vibration signal is clearly 

displayed as peaks in the frequency spectrum at the frequencies where the repetition takes place. This allows for 

faults, which usually generate specific characteristic frequency responses, to be detected early, diagnosed 

accurately, and trended overtime as the condition deteriorates. However, the disadvantage of frequency-domain 

analysis is that a significant amount of information (transients, non-repetitive signal components) may be lost 

during the transformation process. This information is non-retrievable unless a permanent record of the raw 

vibration signal has been made. 

The Quefrency Domain: The quefrency is the abscissa for the cepstrum which is defined as the spectrum of the 

logarithm of the power spectrum. It is used to highlight periodicities that occur in the spectrum in the same manner 

as the spectrum is used to highlight periodic components occurring in the time domain. One of the ways the expert 

system detects bearing tones is by looking at the spectrum of a spectrum. This process is called cepstrum analysis, 

“cepstrum” being a play on the word “spectrum.” 

Modal analysis of propeller shaft with crack: Modal analysis is the study of the dynamic properties of structure 

under vibrational excitation.  

  
Fig.5.1 Assembled Propeller Shaft with U-Joints Fig.5.2 Meshed Propeller Shaft with U-Joints 

The above modelled propeller shaft assembly Figure 5.1, after applying boundary conditions, modal 

analysis is performed and the natural frequencies of the system are obtained. The above Figure 5.2 shows the 

propeller shaft assembly after applying finite element mesh using tetra element. 

Modal Analysis at operating angle α = 0°: The natural frequency of the propeller shaft system at operating angle        

α = 0° at crack position c=25 mm are shown in the Table 5.1 
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Table 5.1 Natural Frequency at crack position c=25 mm 

Frequency (Hz) Un cracked a=2mm a=4mm a=6mm 

1st 483.28 483.26 483.17 483.08 

2nd 698.46 698.45 698.24 698.1 

3rd 1459.6 1459.6 1459.4 1459.3 

4th 1842.9 1842.8 1842.2 1841.4 

5th 2486.2 2485.7 2483.7 2479.7 

6th 2869.6 2869.4 2868 2865.2 

The natural frequency of the propeller shaft system at operating angle        α = 0° at crack position c=275 mm are 

shown in the Table 5.2 

Table 5.2 Natural Frequency at crack position c=275 mm 

Frequency (Hz) Un cracked a=2mm a=4mm a=6mm 

1st 483.28 483.24 483.14 483.04 

2nd 698.46 698.45 698.4 698.35 

3rd 1459.6 1459.5 1459.5 1459.5 

4th 1842.9 1842.8 1842.5 1842.2 

5th 2486.2 2486.3 2486.6 2486.8 

6th 2869.6 2868.1 2861.5 2847.1 

The natural frequency of the propeller shaft system at operating angle  α = 0° at crack position c=525 mm are 

shown in the Table 5.3 

Table 5.3 Natural Frequency at crack position c=525 mm 

Frequency (Hz) Un cracked a=2mm a=4mm a=6mm 

1st 483.28 483.22 483.12 483.02 

2nd 698.46 698.36 698.24 698.06 

3rd 1459.6 1459.5 1459.4 1459.3 

4th 1842.9 1842.7 1842.2 1841.4 

5th 2486.2 2485.6 2483.6 2479.6 

6th 2869.6 2869.3 2868.1 2865.5 

Modal analysis at operating angle α = 5° 

The natural frequency of the propeller shaft system at operating angle        α = 5° at crack position c=25 mm are 

shown in the Table 5.4 

Table 5.4.Natural Frequency at crack position c=25 mm 

Frequency (Hz) Un cracked a=2mm a=4mm a=6mm 

1st 483.47 483.43 483.32 483.19 

2nd 698.58 698.53 698.41 698.30 

3rd 1459.8 1459.7 1459.5 1459.4 

4th 1843.1 1842.94 1842.54 1841.9 

5th 2486.4 2485.8 2483.3 2479.9 

6th 2869.81 2869.6 2868.83 2865.41 

The natural frequency of the propeller shaft system at operating angle        α = 5° at crack position c=275 mm are 

shown in the Table 5.5 

Table.5.5.Natural Frequency at crack position c=275 mm 

Frequency (Hz) Un cracked a=2mm a=4mm a=6mm 

1st 483.47 483.39 483.29 483.11 

2nd 698.58 698.47 698.59 698.36 

3rd 1459.8 1459.64 1459.42 1459.35 

4th 1843.1 1842.81 1842.43 1841.82 

5th 2486.4 2485.8 2483.21 2479.81 

6th 2869.81 2869.51 2868.79 2865.32 

The natural frequency of the propeller shaft system at operating angle        α = 5° at crack position c=525 

mm are shown in the Table 5.6 
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Table 5.6 Natural Frequency at crack position c=525 mm 

Frequency (Hz) Uncracked a=2mm a=4mm a=6mm 

1st 483.47 483.37 483.32 483.09 

2nd 698.58 698.53 698.51 697.95 

3rd 1459.8 1459.72 1459.48 1459.33 

4th 1843.1 1842.88 1842.49 1841.80 

5th 2486.4 2485.18 2483.27 2479.79 

6th 2869.81 2869.59 2868.85 2865.29 

MODAL ANALYSIS AT OPERATING ANGLE Α = 10° 

The natural frequency of the propeller shaft system at operating angle        α = 10° at crack position c=25 

mm are shown in the Table 5.7 

Table 5.7 Natural Frequency at crack position c=25 mm 

Frequency (Hz) Un cracked a=2mm a=4mm a=6mm 

1st 483.69 483.68 483.62 483.49 

2nd 698.74 698.63 698.52 698.45 

3rd 1459.98 1459.87 1459.69 1459.57 

4th 1843.35 1843.24 1842.41 1841.98 

5th 2486.62 2486.21 2485.21 2484.01 

6th 2870.01 2869.4 2868.76 2867.54 

The natural frequency of the propeller shaft system at operating angle        α = 10° at crack position c=275 

mm are shown in the Table 5.8 

Table 5.8 Natural Frequency at crack position c=275 mm 

Frequency (Hz) Un cracked a=2mm a=4mm a=6mm 

1st 483.69 483.66 483.53 483.39 

2nd 698.74 698.57 698.49 698.37 

3rd 1459.98 1459.75 1459.56 1459.45 

4th 1843.35 1843.12 1842.30 1841.84 

5th 2486.62 2486.11 2485.53 2484.34 

6th 2870.01 2869.34 2868.69 2867.43 

The natural frequency of the propeller shaft system at operating angle        α = 10° at crack position c=525 

mm are shown in the Table 5.9 

Table 5.9 Natural Frequency at crack position c=525 mm 

Frequency (Hz) Un cracked a=2mm a=4mm a=6mm 

1st 483.69 483.61 483.45 483.31 

2nd 698.74 698.49 698.40 698.25 

3rd 1459.98 1459.72 1459.48 1459.32 

4th 1843.35 1843.09 1842.21 1841.73 

5th 2486.62 2486.01 2485.47 2484.25 

6th 2870.01 2869.28 2868.54 2867.32 

HARMONIC ANALYSIS OF PROPELLER SHAFT WITH CRACK 

HARMONIC ANALYSIS AT OPERATING ANGLE α = 0°  

The Harmonic analysis of the propeller shaft system at operating angle       α = 0° is carried out without 

crack and with crack at various crack depth and crack locations. The following diagram Figure 6.1 shows the 

propeller shaft system at operating angle α = 0°. 

 

Fig.6.1 Propeller Shaft System at Operating angle α = 0° 

The graph below in Figure 6.2 shows the Frequency Vs Amplitude plot for the propeller shaft with no 

crack at operating angle 0°. 
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Fig.6.2 Frequency vs Amplitude plot for propeller shaft 

system without crack at α = 0° 

Fig.6.3 Frequency vs Amplitude plot at c = 25mm and a = 

2mm 

The graph below in Figure 6.3 shows the Frequency vs Amplitude plot for the propeller shaft with crack at 

operating angle 0° at crack location c = 25mm and crack depth a = 2mm. The graph below in Figure 6.4 shows the 

Frequency vs Amplitude plot for the propeller shaft with crack at operating angle 0° at crack location c = 25mm 

and crack depth a = 4mm. 

  
Fig.6.4 Frequency vs Amplitude plot at c = 25mm and a 

= 4mm 

Fig.6.5 Frequency vs Amplitude plot at c = 25mm and a = 

6mm 

The graph below in Figure 6.5 shows the Frequency vs Amplitude plot for the propeller shaft with crack at 

operating angle 0° at crack location c = 25mm and crack depth a = 6mm. The graph below in Figure 6.6 shows the 

Frequency vs Amplitude plot for the propeller shaft with crack at operating angle 0° at crack location c = 275mm 

and crack depth a = 2mm. 

  
Fig.6.6 Frequency vs Amplitude plot at c = 275mm and a 

= 2mm 

Fig.6.7 Frequency vs Amplitude plot at c = 275mm and a = 

4mm 

The graph below in Figure 6.7 shows the Frequency vs Amplitude plot for the propeller shaft with crack at 

operating angle 0° at crack location c = 275mm and crack depth a = 4mm. The graph below in Figure 6.8 shows the 

Frequency vs Amplitude plot for the propeller shaft with crack at operating angle 0° at crack location c = 275mm 

and crack depth a = 6mm 

  
Fig.6.8 Frequency vs Amplitude plot at c = 

275mm and a = 6mm 

Fig.6.9 Frequency vs Amplitude plot at c = 525mm and a = 2mm 

The graph below in Figure 6.9 shows the Frequency vs Amplitude plot for the propeller shaft with crack at 

operating angle 0° at crack location c = 525mm and crack depth a = 2mm. 

The graph below in Figure 6.10  shows the Frequency vs Amplitude plot for the propeller shaft with crack 

at operating angle 0° at crack location c = 525mm and crack depth a = 4mm. 

  
Fig.6.10 Frequency vs Amplitude plot at c = 525mm 

and a = 4mm 

Fig.6.11 Frequency vs Amplitude plot at c = 525mm and 

a=6mm 

The graph below in Figure 6.11 shows the Frequency vs Amplitude plot for the propeller shaft with crack 

at operating angle 0° at crack location c = 525mm and crack depth a=6mm. 

HARMONIC ANALYSIS AT OPERATING ANGLE α = 5°  

The Harmonic analysis of the propeller shaft system at operating angle α = 5° is carried out without crack 

and with crack at various crack depth and crack locations. The following diagram Figure 6.12 shows the propeller 

shaft system at operating angle α = 5°. 
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Fig.6.12 Propeller Shaft System at Operating angle α = 5° 

 The graph below in Figure 6.13 shows the Frequency vs Amplitude plot for the propeller shaft with no 

crack at operating angle 5°. 

 

 

Fig.6.13 Frequency vs Amplitude plot for propeller 

shaft system without crack at α = 5° 

Fig.6.14 Frequency vs Amplitude plot at c = 25mm and a = 2mm 

The graph below in Figure 6.14 shows the Frequency Vs Amplitude plot for the propeller shaft with crack 

at operating angle 5° at crack location c = 25mm and crack depth a = 2mm. The graph below in Figure 6.15 shows 

the Frequency vs Amplitude plot for the propeller shaft with crack at operating angle 5° at crack location c = 25mm 

and crack depth a = 4mm. 

 

 

Fig.6.15 Frequency vs Amplitude plot at c = 

25mm and a=4mm 

Fig.6.16 Frequency vs Amplitude plot at c = 25mm and a = 6mm 

The graph below in Figure 6.16  shows the Frequency vs Amplitude plot for the propeller shaft with crack 

at operating angle 5° at crack location c = 25mm and crack depth a = 6mm. The graph below in Figure 6.17  shows 

the Frequency vs Amplitude plot for the propeller shaft with crack at operating angle 5° at crack location c = 

275mm and crack depth a = 2mm. 

 
 

Fig.6.17 Frequency vs Amplitude plot at c = 275mm and 

a=2mm 

Fig.6.18 Frequency vs Amplitude plot at c = 275mm and 

a=4mm 

The graph below in Figure 6.18  shows the Frequency vs Amplitude plot for the propeller shaft with crack 

at operating angle 5° at crack location c = 275mm and crack depth a = 4mm. The graph below in Figure 6.19  

shows the Frequency vs Amplitude plot for the propeller shaft with crack at operating angle 5° at crack location c = 

275mm and crack depth a = 6mm. 

 

 

Fig.6.19 Frequency vs Amplitude plot at c = 275mm and 

a=6mm 

Fig.6.20 Frequency vs Amplitude plot at c = 525mm and a 

= 2mm 
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The graph below in Figure 6.20 shows the Frequency vs Amplitude plot for the propeller shaft with crack 

at operating angle 5° at crack location c = 525mm and crack depth a = 2mm. The graph below in Figure 6.21 shows 

the Frequency vs Amplitude plot for the propeller shaft with crack at operating angle 5° at crack location c = 

525mm and crack depth a = 4mm. 

  

Fig.6.21 Frequency vs Amplitude plot at c = 

525mm and a = 4mm 

Fig.6.22 Frequency vs Amplitude plot at c = 525mm and a = 6mm 

The graph below in Figure 6.22 shows the Frequency vs Amplitude plot for the propeller shaft with crack 

at operating angle 5° at crack location c = 525mm and crack depth a = 6mm. 

HARMONIC ANALYSIS AT OPERATING ANGLE α = 10°  

The Harmonic analysis of the propeller shaft system at operating angle       α = 10° is carried out without 

crack and with crack at various crack depth and crack locations. The following diagram Figure 6.23 shows the 

propeller shaft system at operating angle α = 10°. 

 
Fig.6.23 Propeller Shaft System at Operating angle α = 5° 

The graph below in Figure 6.24 shows the Frequency vs Amplitude plot for the propeller shaft with no 

crack at operating angle 10°. 

 

 

Fig.6.24 Frequency vs Amplitude plot for propeller shaft 

system without crack at α = 10° 

Fig.6.25 Frequency vs Amplitude plot at c = 25mm and 

a = 2mm 

The graph below in Figure 6.25 shows the Frequency vs Amplitude plot for the propeller shaft with crack 

at operating angle 10° at crack location c = 25mm and crack depth a = 2mm. The graph below Figure 6.26 shows 

the Frequency vs Amplitude plot for the propeller shaft with crack at operating angle 10° at crack location c = 

25mm and crack depth a = 4mm. 

 

 
Fig.6.26 Frequency vs Amplitude plot at c = 25mm and a 

= 4mm 

Fig.6.27 Frequency vs Amplitude plot at c = 25mm and a 

= 6mm 

The graph below Figure 6.27 shows the Frequency vs Amplitude plot for the propeller shaft with crack at 

operating angle 10° at crack location c = 25mm and crack depth a = 6mm. The graph below Figure 6.28 shows the 

Frequency vs Amplitude plot for the propeller shaft with crack at operating angle 10° at crack location c = 275mm 
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and crack depth a = 2mm. 

  
Fig.6.28 Frequency vs Amplitude plot at c = 275mm and 

a = 2mm 

Fig.6.29 Frequency vs Amplitude plot at c = 275mm and a 

= 4mm 

The graph below Figure 6.29 shows the Frequency vs Amplitude plot for the propeller shaft with crack at 

operating angle 10° at crack location c = 275mm and crack depth a = 4mm. 

The graph below Figure 6.30 shows the Frequency vs Amplitude plot for the propeller shaft with crack at 

operating angle 10° at crack location c = 275mm and crack depth a = 6mm. 

  
Fig.6.30 Frequency vs Amplitude plot at c = 275mm and a = 

6mm 

Fig.6.31 Frequency vs Amplitude plot at c = 525mm 

and a = 2mm 

The graph below Figure 6.31 shows the Frequency vs Amplitude plot for the propeller shaft with crack at 

operating angle 10° at crack location c = 525mm and crack depth a = 2mm. The graph below Figure 6.32 shows the 

Frequency vs Amplitude plot for the propeller shaft with crack at operating angle 10° at crack location c = 525mm 

and crack depth a = 4mm. 

 

 
Fig.6.32 Frequency vs Amplitude plot at c = 525mm 

and a = 4mm 

Fig.6.33 Frequency vs Amplitude plot at c = 525mm and a = 

6mm 

The graph below Figure 6.33 shows the Frequency vs Amplitude plot for the propeller shaft with crack at 

operating angle 10° at crack location c = 525mm and crack depth a = 6mm. 

RESULTS AND DISCUSSIONS  

 From the modal analysis the natural frequency of the propeller shaft assembly without crack and with crack 

at various positions and depth were obtained. The following graphs were plotted by interpolating the natural 

frequency obtained with crack depth. The natural frequency decrement of the propeller shaft system at operating 

angle α = 0° for the crack depth (a) 2mm, 4mm, 6mm and crack locations (c) 25mm, 275mm and 525mm is plotted 

in the Figure 7.1 

 
 

Fig.7.1 Natural Frequency vs Crack Depth for operating 

angle α = 0° 

Fig.7.2 Natural Frequency vs Crack Depth for operating 

angle α = 5° 

The natural frequency decrement of the propeller shaft system at operating angle α = 5° for the crack depth 

(a) 2mm, 4mm, 6mm and crack locations (c) 25mm, 275mm and 525mm is plotted in the Figure 7.2. The natural 

frequency decrement of the propeller shaft system at operating angle α = 10° for the crack depth (a) 2mm, 4mm, 

6mm and crack locations (c) 25mm, 275mm and 525mm is plotted in the Figure 7.3 
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Fig.7.3 Natural Frequency vs Crack Depth for operating 

angle α = 10° 

Fig.7.4 Frequency vs Amplitude for α = 0° and c = 25mm 

 From the graphs plotted between natural frequency and crack depth, it’s clear that the natural frequency of 

the propeller shaft system decreases with respect to the increase in the crack depth. Also the natural frequency 

decreases in spite of the different operating angle of the propeller shaft system. Hence decrease in the natural 

frequency of the system characteristics the presence of crack.  Further decrease in the natural frequency denotes the 

increase in crack depth.  From the harmonic analysis the plots were obtained between amplitude and frequency for 

the propeller shaft system. The harmonic analysis plots follows for the various operating angle of the system with 

different crack depth and crack locations. 

 The harmonic analysis of the propeller shaft system at operating angle α = 0° and at crack location c= 

25mm is shown in the Figure 7.4 below. The harmonic analysis of the propeller shaft system at operating angle  α = 

0° and at crack location c = 275mm is shown in the Figure 7.5 below. 

 
 

Fig.7.5 Frequency vs Amplitude for α = 0° and c = 275mm Fig.7.6 Frequency vs Amplitude for α = 0° and c = 

525mm 

The harmonic analysis of the propeller shaft system at operating angle α = 0° and at crack location c = 

525mm is shown in the Figure 7.6 below. The harmonic analysis of the propeller shaft system at operating angle       

α = 5° and at crack location c= 25mm is shown in the Figure 7.7 below. 

  

Fig.7.7 Frequency vs Amplitude for α = 5° and c = 25mm Fig.7.8 Frequency vs Amplitude for α = 5° and c = 275mm 

The harmonic analysis of the propeller shaft system at operating angle       α = 5° and at crack location c= 

275mm is shown in the Figure 7.8 below. The harmonic analysis of the propeller shaft system at operating angle       

α = 5° and at crack location c= 525mm is shown in the Figure 7.9 below. 

 
 

Fig.7.9 Frequency vs Amplitude for α = 5° and c = 

525mm 

Fig.7.10 Frequency vs Amplitude for α = 10° and c = 25mm 

The harmonic analysis of the propeller shaft system at operating angle   α = 10° and at crack location c= 

25mm is shown in the Figure 7.10 below. The harmonic analysis of the propeller shaft system at operating angle       

α = 10° and at crack location c= 275mm is shown in the Figure 7.11 below. 
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Fig.7.11 Frequency vs Amplitude for α = 10° and c = 

275mm 

Fig.7.12 Frequency vs Amplitude for α = 10° and c = 

525mm 

The harmonic analysis of the propeller shaft system at operating angle       α = 10° and at crack location c= 

525mm is shown in the Figure 7.12 below. The results of harmonic analysis are plotted as graphs between 

amplitude and frequency. From the plots it is observed that the amplitude of the propeller shaft increases with the 

increase in the crack depth. A second peak appears in the Frequency vs Amplitude plot when the operating angle is 

varied.  

CONCLUSION 

Cracks are one of the major defects which affect the performance of the rotating machinery. Cracks may 

appear in the propeller shafts either due to manufacturing flaws or fatigue during operation. Failures may occur due 

to high or low cycle fatigue. The appeared crack potentially propagates sufficiently to cause total failure of the 

propeller shaft. Transverse cracks frequently occur in the rotating shafts under rotating forces. The presence of 

cracks, its effects based on crack location and depth with respect to various operation angles were analysed in the 

propeller shaft system. The analysis is to be done using Finite Element Analysis. 

The modal analysis was carried out for the propeller shaft system and the natural frequencies of the system 

were obtained. It is observed that the natural frequency of the system reduces in presence of crack and further 

reduces when the crack depth increases. Hence the decrease in natural frequency of the propeller shaft system is a 

factor to identify the crack presence and to identify the increase in crack depth of the propeller shaft system. From 

the harmonic analysis it is observed that the amplitude of the propeller shaft increases with the increase in the crack 

depth. A second peak appeared in the Frequency vs Amplitude plot when the operating angle was varied.  
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