
Regional Tribology Conference  

Bayview Hotel, Langkawi Island, Malaysia, 22-24 November 2011 

 

122 

 

Paper Reference ID: RTC 058 

 

SIGNAL STATISTICAL APPROACH OF ACOUSTIC EMISSION FOR FATIGUE 

FAILURE IN METALLIC COMPONENT 

M.Mohammad
1, 

, S.Abdullah
2, 

, N.Jamaluddin
2,

, M.M. Padzi
2
 

 
1
Department of Mechanical Engineering, Faculty of Engineering, 

Universiti Selangor, Bestari Jaya Campus, 

45600 Bestari Jaya, Selangor, Malaysia. 

E-mail: mazian@unisel.edu.my 
2
Centre for Automotive Research (CAR), Faculty of Engineering & Built Environment, 

Universiti Kebangsaan Malaysia 

43600 UKM Bangi, Selangor, Malaysia.  

E-mail: shahrum@eng.ukm.my 

 
ABSTRACT 

 

This study focuses on correlating the signals gained by 

two different sensors i.e. strain gauges and AE 

piezoelectric transducer in order to assess fatigue 

failure of metallic components.  Both sensors were 

attached to the SAE 1045 steel specimen during fatigue 

cyclic test at constant loading condition to collect 

signals waves. Three different loads were applied to 

the specimen during the test to observe the signals 

differences captured by the sensors. The measured 

strain loadings were analysed in order to obtain the 

predicted fatigue life values experienced by the 

specimens using the three strain-life fatigue models; 

Coffin-Manson, Morrow and Smith-Watson-Topper. 

The experimental fatigue lives were based on the 

number of cycles to failure from the servo-hydraulic 

fatigue testing machine during the test.  In addition, the 

obtained AE signals were analysed using the global 

statistical values of the root mean square (r.m.s) and 

the kurtosis. Thus, a correlation between experiment 

and predicted value of fatigue life was established.  

Apart of that, a good correlation between the AE 

parameters (r.m.s and kurtosis) and the value of 

predicted fatigue life was also established to confirm 

that AE technique can be one of tool to predict 

structural life besides other methods. 

 

Keywords: AE, fatigue life, statistical approach, 

correlation 

 

1. INTRODUCTION 
 

Acoustic emission technique has been used many 

decades ago in performing the condition monitoring 

practice especially in oil and gas industries. The 

capability of the piezoelectric AE transducer in hearing 

and collecting very high frequency signal waves makes 

it possible to detect and monitor the signals emitted 

inside the materials during the fatigue crack 

mechanism.  Previous study have proved that this 

method can be used in detecting, locating as well as 

monitoring the fatigue crack initiation in metallic 

component such as rotating elements, pressure vessels 

and others [Jamaludin et al., 2001, Ennaceur et al., 

2006].      

 

Since AE have been recognized in detecting the 

fatigue crack initiation, it is worthy to use this 

technique to assess other fatigue failure mechanism.  

This paper is carried out to investigate the relationship 

between two different signals ie.; strain and AE signals 

in order to predict the fatigue life of the metallic 

specimens.  In order to achieve the goal, the relation 

between the AE signal and the fatigue life has to be 

determined.  Therefore, both AE transducer and the 

strain gauge were used to collect the signal waves 

during the test.   

 

 The analysis to be performed for the purpose 

of this paper is the fatigue failure assessment of the 

metallic component using the AE technique.  The 

assessment is based on the value of the predicted 

fatigue life calculated using the strain-life approach.  

Thus, the global signal statistical approach is selected 

to be used as the analysis tool of the data collected.  

Previous study showed that this approach has been 

widely used in fatigue failure assessment (Lennie et al., 

2010, Abdullah et al., 2010, Loman et al., 2008).  The 

root mean square (r.m.s.) and the kurtosis values were 

used as the statistical parameters as it have been shown 

as the common parameter in detecting fault of 

engineering application (Nopiah et al., 2008).   

 

   

2. METHODOLOGY 

 

The material used in both tensile and cyclic fatigue test 

was SAE 1045 steel since it has been used widely as 

the piping materials in oil and gas industries.  It has 

been designed according to ASTM E8 (Anon, 2000) 

with 146 mm, 20 mm and 3 mm of length, width and 

thickness, respectively, as shown in Figure 1. In order 

to get the monotonic properties of the material, tensile 

test was run according to ASTM E8 procedure using 

the 100 kN servo-hydraulic universal testing machine 

with the 1.2 mm strain rate.  The obtained monotonic 

properties are shown in Table 1. 
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Figure 1 Detail drawing of standard axial fatigue 

specimen 

 

Table 1 Monotonic properties of the SAE 1045 steel 

 

Properties Values 

Ultimate tensile strength, Su (MPa) 798 

Modulus of Elasticity, E (GPa) 196 

Static yield stress 0.2%, Sy (MPa) 414 

 

The cyclic fatigue test was then performed 

using the 25 kN servo-hydraulic fatigue testing 

machine with the fully reversed load ratio, R= -1 at 

three different loading condition; 75%, 80% and 85% 

of the UTS value.  These values were chose because of 

the limitation of the data acquisition systems that are 

not being able to record longer failure time.  The test 

was conducted as stated in ASTM E466-96 (Bailey et 

al., 2003) which is based on the stress control 

procedure.  The test was carried out at the loading 

frequency of 8 Hz as larger value of loading frequency 

will contribute vibration to the machine.  Both strain 

gauge and AE piezoelectric sensor were attached to the 

specimen during the test to collect signal waves.  The 

strain signals were collected at sampling frequency of 

100 kHz (Yamaguchi et al., 2007) since it was enough 

to record the data because of the strain gauges 

sensitivity in recording the changes of the strain 

response that exist during the test.  As for AE, a wide 

range sensor of 100-2000 kHz was used and the 

selected sampling frequency for the test was 5000 kHz 

The sampling frequency has to be greater than twice of 

the maximum frequency range of the sensor to avoid 

alias effect.  It is because the Nyquist Theorem states 

that  the frequency should be half of the sampling 

frequency of a discrete signal processing system 

(Loman, 2010).  Figure 2 shows the overall experiment 

process flow throughout the research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Experimental process flow throughout the 

research 

The fatigue life of the spesimen was then 

determined from the strain response meanwhile, the 

global signal statistical approach was used to analyse  

AE signatures.  The fatigue life was determined based 

on the strain-life fatigue models i.e., Coffin-Manson 

(CM), Morrow and Smith-Watson-Topper (SWT). For 

the statistical analysis, the kurtosis was selected to 

present the AE data because of its sensitivity to the 

spikiness of the signal while the r.m.s represents the 

overall energy of the AE signals. 

 

The statistical analysis was used for the 

analysis in order to determine the signal behaviour for 

both the strain and AE data.  Statistical analysis 

converts a long time signal into numerical values that 

describes the signal characteristics.  Root mean square 

(r.m.s) and kurtosis were selected as the research 

parameter since a very close correlation found between 

the r.m.s and kurtosis of both strain and AE signals in 

previous research done by the author (Mohammad et 

al., 2011).  

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Global Statistical Analysis 

 

The sample of original collected time history data plot 

of strain responses and AE signatures are shown in 

Figure 3.  Table 2 shows the global statistical 

parameter for both strain and AE data.  The normalised 

value for both data was calculated to show the even 

point between the data.   

 

It is clearly seen in Figure 4 that the value of 

r.m.s increases with the increment of the applied load 

for both types of data.  Since the r.m.s is also said as 

the vibration signal energy in time series, it can be said 

that higher applied loads create more energy content in 

the specimens compared to lower applied loads.  As the 

specimen approaches the failure zone, the value of the 

the r.m.s will increase (Mohammad, 2007). Thus, 

higher r.m.s shows that more damage is created in the 

specimen. In the meantime, the kurtosis values also 

increase when the applied loads increased.  The 

increment of the kurtosis value shows that the numbers 

of peak accelerations in the test are also increased. 

These peak accelerations are the accelerations that are 

primarily responsible for the damage that a product 

experiences in the field.  Hence, higher kurtosis value 

exposes the component to more damage or more 

fatigue (Baren et al., 2007). 

 

 

 

Specimen preparation 

Tensile test 

Cyclic fatigue test; 

a x UTS; 

0 < a <1; 

a = coefficient 

Monotonic properties 

Strain signal and 

AE signatures 

collection 

Signal analysis 
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(i) 

 
(ii) 

Figure 3 Time history data plot for: (i) strain (ii) AE 

 

 

Table 2 Global statistical parameter value  

 

 Statistical 

Parameter 

 

Applied loads (kN) 

  6.0 6.4 6.8 

Strain r.m.s (µε) 1770.95 1792.48 2146.60 

  Normalised 

r.m.s 

0.82 0.83 1.00 

  Kurtosis 1.51 1.53 1.70 

  Normalised 

Kurtosis 

0.88 0.90 1.00 

AE r.m.s (µε) 27.72 28.05 32.17 

  Normalised 

r.m.s 

0.86 0.87 1.00 

  Kurtosis 26.31 30.41 36.46 

  Normalised 

Kurtosis 

0.72 0.83 1.00 

 

 
 

 
 

Figure 4 Trends for the statistical parameters for 

different applied loads 

 

 

3.2 Strain-based Fatigue Life Prediction 

 

The results of both experiment and predicted 

fatigue lives determined using different applied loads 

are tabulated in Table 3. The experiment fatigue lives 

were determined from the number of cycles prior the 

failure while the experiment was running due to AE 

time. It was then plotted in Figure 5, showing the 

correlation of the fatigue lives between the 

experimented AE value and all three strain-life models; 

CM, Morrow and SWT.  Most of correlation points 

produced by all models were distributed around 1:1 

line and within the range of ± a factor of 2.  Almost 

66.7 % of points scattered around 1:1 line shows an 

acceptable correspondence between the predicted 

fatigue lives using all three fatigue models and the 

experimental fatigue lives. 

 

Table 3 Experimental and calculated fatigue life value 

for different applied loads 

 

Applied 

loads 

(kN) 

Fatigue life, Nf (number of cycles to 

failure) 

Experiment 

(due to AE 

time) 

CM SWT Morrow 

6.0  123926 141915 83807 112823 

6.4  46263 29971 50336 35776 

6.8  19296 9180 6422.4 7596 

 

 
 

Figure 5 Fatigue lives correlation of different applied 

loads between prediction methods and experimental 

results 

 

 An acceptable correlation values between 

calculated and experimental fatigue lives shows that a 

strong relationship relation exist between the AE 

signals and the fatigue life values.  Therefore, the 

analysis was expanded to find any relation that lies 

between the AE signals and the calculated life 

determine from the strain signals. Table 4 shows the 

value of predicted life using different three fatigue 

lives models, as well as the global statistical value of 

the AE.  From the table, it is observed that higher 

applied load will shorten the life.  It is because higher 
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loads will supply more strain and its conduct towards 

higher vibration to lesser the life of the specimen 

(Abdullah et al., 2010).  Apart of that, the value of the 

AE’s r.m.s and kurtosis seem to be increased with the 

increment of applied loads and deterioration of the 

calculated life.  Since the r.m.s is also said as the 

vibration signal energy in time series, it can be 

understood that higher applied loads create more 

energy content in the specimens and thus reduce their 

remaining life.  As for the kurtosis value, higher 

kurtosis will lead to higher failure of the specimen 

because higher kurtosis is responsible to higher peak in 

the signals that translates to more damage experienced 

by the specimen.  

 

Table 4 Value of predicted fatigue life and AE 

parameters for different applied loads 

 

  
Applied loads (kN) 

  
6.0 6.4 6.8 

Predicted 

fatigue life 

CM 141915 29971 9180 

SWT 83807 50336 6422 

Morrow 112823 35776 7596 

AE 

parameter 

r.m.s 27.72 28.05 32.17 

Kurtosis 26.31 30.41 36.46 

 

  The correlation between the r.m.s and the 

kurtosis of the AE towards the number of cycles to 

failure, Nf have also been performed and they are 

shown in Figure 6.  From both plots, AE parameters 

have been found to be indirectly proportional towards 

the number of cycles to failure.  It can be noticed that, 

when the value of r.m.s and kurtosis of AE increases, 

the number of cycles to failure decrease.  Since r.m.s is 

also said as the vibration signal energy in time series, it 

can be understood that higher applied loads created 

more energy content in the specimens compared to 

lower applied loads.  In the meantime, the kurtosis 

values also increased when the applied loads increased.  

It leads to higher failure of the specimen because 

higher kurtosis responsible to higher peak in the signals 

that translates to more damage that experienced by the 

specimen.  These phenomenons shorten the fatigue life 

in the specimen.  As for the r.m.s AE graph (Figure 6) 

it is clearly seen that the SWT model exhibits the 

highest value of R
2
 which is 98.5 % as compared to 

86.8 % for the Morrow model and 74.0 % for the CM 

model.   In the meantime, the kurtosis of the AE graph 

(Figure 6) shows a very good correlation of 99.9 %, 

96.5 % and 95.0 % of R
2
 value for the calculated life 

using Morrow, CM and SWT, respectively.  The good 

correlation indicates that either r.m.s values or kurtosis 

of AE can be used in predicting specimen life 

especially for the SAE 1045 steel specimen.  

 

 

 

  

 
 

Figure 6 Correlation between the AE parameters and 

the number of cycles to failure 

 

 

4. CONCLUSION 

 

This paper presents the AE capability in detecting and 

monitoring the signals emitted during the fatigue 

failure mechanism in metallic specimen.  Using the 

global signal statistical approach technique, the trends 

of the signals collected by both sensors were 

determined and able to be monitored while the 

specimen is experiencing the failure mechanism.  It can 

be noticed that, higher applied loads will contributes 

higher values of the r.m.s and kurtosis value for both 

strain and AE data.  In other words, as the value of the 

r.m.s and kurtosis are increases, more damage is 

experienced in the specimen.  In addition, the statistical 

techniques are also able to relate the signal observed 

using the AE to the fatigue life of the specimen.  From 

the result, it was found that the correlation between the 

AE r.m.s and the fatigue life calculated using the three 

models were tabulated from 74.0 % to 98.5 %.  As for 

the correlations of the AE kurtosis to the fatigue life 

were seem more accurate which is exist between 95.0 

% to 99.9 %.  It is suggested from this study that 

higher r.m.s and kurtosis values lead to the reduction in 

life of a component. 
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