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ABSTRACT 

 

This paper presents the behaviour of time domain and frequency domain 

signal for fatigue signal based on the parameters used in each domain. 

Frequency domain analysis were used in noise signal applications. For 

structures that are subjected to irregular and random loading, the general 

problem faced are the complicated in statistical in term of characteristic. 

Especially, in amplitudes and total damage distribution obtained from 

number of cycles count. The traditional method of rainflow cycle counting 

were compared with PSD-based analysis. It is shown that the component of 

system can be computed by using transfer function of component and PSD of 

excitation strain. The statistical analysis are used to see the behaviour of the 

signal in time domain. It can be seen that bracket component is more critical 

compared to suspension component. The analysis continued with verifying 

the developed fatigue data editing in order to have the good relation with 

frequency domain analysis as the area under the PSD graph shows the 

energy contained in the particular signals independently. The linear 

relationship between the two parameters with R-square value measured are 

high, up to 0.8 for suspension component and 0.97 for bracket component. 

Thus, it has been suggested that frequency domain analysis can then be used 

in the time domain fatigue testing as the strong relationship obtained for both 

parameter used. 
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Introduction 
 

Fatigue is a regular cause of failure in mechanical structures which subjected 

to time variable loadings. Fatigue failure can occur for any structure even the 

structure is subjected to low amplitude cyclic loads [1]. The cycle obtained is 

the main element to represent a certain amount of fatigue damage. If the 

fatigue damage reaches a certain value, the fatigue failure occurs. There has a 

lot of factors that can lead to fatigue failure such as materials, loading types, 

surrounding conditions and many more [2]. The usual approach is time 

domain based analysis that evaluate the time histories such as level crossing, 

range and rainflow. This approach allow the identification of cycles with 

different amplitude and mean values. Next, the Palmgren-Miner rule were 

introduced to evaluate the total damage as a sum of single cycle damage 

contribution [3]. In many cases, the fatigue data history were edited by 

removing the small amplitude contained in the signal to produce useful and 

economic testing [4].  

In the automotive applications, especially for cars on the rough road 

condition are exposed to random loads due to inconsistent road surface. The 

random loads obtained can be viewed as a random Gaussian process that suit 

to be describe in the frequency domain by power spectral density (PSD) 

[5][6]. The signal representation in PSD gives the picture of the power 

distribution over frequencies [3]. Normally, frequency domain analysis were 

used in noise signal applications. Noise PSD are used in speech improvement 

system due to its significant effect on the quality of the noise reduced speech 

[7]. PSD estimation for wide-sense stationary signals from sub-Nyquest has 

been done in developing a compressed sensing based approach. This 

approach employs multi set sampling and produced multi resolution PSD 

estimates at low sampling rates [8]. The resultant PSD of stress also been 

implemented in rainflow cycle counting. The traditional method of rainflow 

cycle counting were compared with PSD-based analysis of an exhaust 

muffler for a bus application. The result shows that PSD approach can be 

obtained from a very short time signal compared to the rainflow cycle 

counting in statistic representative [9].  

For structures that subjected to irregular and random loading, the main 

problem that have to face are the complicated statistic characteristic. In term 

of amplitudes and total damage distribution obtained from number of cycles 

counted. In this study, the behaviour of time domain and frequency domain 

signal for fatigue signal has been compared statistically. Therefore, the 

objective for this paper is to prove the PSD result obtained to see the 

behaviour of signals from different component of suspension and bracket 

parts. The necessity of a fatigue analysis using frequency domain was 

reviewed. Thus, the behaviour of fatigue analysis of time domain and 

frequency domain is the main idea to drive the analysis in frequency domain 

for fatigue analysis in more wide. 
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Theory 
 

Fatigue life estimation 
Structures when subjected to repeated cyclic load experience damage by 

fatigue. In time domain, the expression of the response of the structure are as 

stress or strain time history. The magnitude of each cycle is not the main 

causes to cause failure, but the large number of cycles are therefore needed 

for failure to occur. A part from that, other factors such as mean and range 

amplitude also contributed to fatigue failure. Need to be highlighted here that 

the behaviour of metal structure under cyclic loading load differs from that 

under monotonic load. 

Other than the damage-until-failure behaviours, the damage intensity 

also have been introduced by Benasciutti and Tovo [1]. The following 

equation shows the damage intensity parameter to value the damage per unit 

of time: 
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where 𝑣𝑝 is the expected peak occurrence frequency, 𝐶 and 𝑘 are the material 

properties and 𝑝𝑎(𝑠) is the cycle amplitude probability density function in 

order to consider the frequency domain methods for fatigue analyses.   

The assessment of frequency domain methods can be done by 

comparing the fatigue life estimate 𝑇 in seconds. The expression is obtained 

from the damage intensity, �̅� as followed: 

D
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The summation of damages caused by the time history can therefore 

be obtained to form the cycles as known as stress range histogram, which 

also known as the Palmgren-Miner accumulated damage rule.  

 

Power spectral density 
The response of irregular stress or strain in structural component are as a 

stationary Gaussian stochastic process, {𝐺(𝑥)}. The process is characterized 

alternatively in frequency domain of a power spectral density (PSD). Usually, 

method for calculating fatigue analysis from a PSD is to regenerate a 

characteristic of time history. This is a normalised density plot describing the 

mean square amplitude of each wave with respect to its frequency. The 

amplitude can then be estimated using following equation:  

𝐴 =  √2. 𝑀𝑒𝑎𝑛𝑆𝑞𝑢𝑎𝑟𝑒          (3) 

 

Lastly, the PSD for sequence [𝑥1, 𝑥2, … , 𝑥𝑛] is given by the following 

formula: 
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where 𝜔 is frequency. This expression defined the power distribution of the 

signal in the frequency domain. 
 

 

Methodology 
 

Time domain and frequency domain analysis 
In this study, the behaviour of strain signal were observed for time domain 

and frequency domain. For time domain, fatigue analysis were run by using 

commercial software to obtain the fatigue life of the components. On the 

other hand, the use of PSD was utilised to observe the frequency responds 

and spectrum distribution of the fatigue signal in frequency domain. Both 

domain were compared with the different components used in this study 

which are bracket and suspension components in automotive industries. 

 

 
(a) 

 

 
(b) 

Figure 1 Time domain signal for (a) Suspension, and (b) Bracket 

 

The data was measured from experiment using strain gauge and the 

data logger instrument that connected to the car’s bracket and suspension 

components developed by the Society of Automotive Engineer (SAE). The 

material used is SAE5160 carbon steel. Figure 1 shows the signal used in this 
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study in order to achieve the main target of this paper. All data recorded at 

200 Hz sampling rate after considering the main components of the signal are 

not lost during measurement [10]. The strain signal obtained were used to 

execute fatigue analysis using commercial software in order to see the fatigue 

life of the particular components. In order to obtain the frequency domain 

analysis, the PSD graph were used by using same commercial software. The 

statistical analysis were run to identify the characteristic for each signal 

obtained and been compared. 

 

 

Results and Discussion 
 

The fatigue life analysis was carried out using rainflow cycle counting 

method. Based on the signals obtained, car bracket and suspension was 

considered to experience the random compression loading. The mean value 

from statistical analysis shown the negative values. The Morrow approach 

has been considered for this types of signal. Figure 2 and Figure 3 shows the 

result for fatigue analysis for both components. The running damage obtained 

from the signal contributed higher damage the most for suspension 

components are at the beginning of the data collection and some at the mid of 

data collection. This is different compared to the bracket where damage value 

distributed high throughout the data collection process. This can be conclude 

that the bracket component experienced higher damage compared to 

suspension component. Damage value for suspension component is 2.58 x 

10-10 with total number of cycles to failure are 3.87 x 109 cycles and damage 

value for bracket component is 4.73 x 10-8 with total number of cycles to 

failure are 2.12 x 107 cycles. Higher life recorded for suspension component 

compared to bracket component. 

The calculation of statistical analysis has been performed in time 

domain signal for both components. For this case of time domain, the 

statistical analysis is shown in Table 1. The parameter considered in 

statistical analysis were the values of mean, root mean square (RMS), 

kurtosis and skewness for time domain signal. Based on the mean value 

obtained, both components experienced compression loading along services 

as the negative value indicate the compression and positive value indicate the 

tension loading. While the zero value shows the component having zero 

mean loading. The standard deviation value indicate the distribution of the 

data due to the high strain amplitude signals inherent in the resulting 

distribution of data scattered far from the mean and standard deviation 

provides a great value. Therefore, bracket component shows the higher 

standard deviation value compared to suspension component. The RMS value 

depend on the amplitude of the observed strain signal by strain gauges. It was 

observed that the higher the average value of the strain obtained, the higher 

the resulting value RMS. Both component shows the higher RMS value that 
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indicate the high amplitude activities experienced by the components. The 

kurtosis value for suspension component is more than three which is 4.165 

compared to bracket is less than three which is 2.718. High kurtosis value 

(kurtosis > 3) indicates the observed data has a lot of transient signals which 

contribute to material damage [11]. 

 

 
(a) 

Figure 2 Running damage for suspension 

 
(a) 

Figure 3 Running damage for bracket 

 

Signal editing showed the various signal condition based on the 

specification needed in research work. This method offers the ability to 

analysed, create and modify the large data set. Either the signal is long period 
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of recorded data or needing to create complex scenario testing. In this study, 

the damage value is the indicator for the signal editing processed. Damage 

retain is the main parameter need to be followed in order to fulfil the 

requirement of signal editing [12]. There are various order of percentage 

damage retained was set up from 100%, 95%, 90%, 85% and 80% damage 

retain. The consideration for the retained damage is to determine only the 

high amplitude is the most contributed in fatigue failure. Besides, the effect 

of original signal must be considered due to the original signal are the actual 

responses from the engineering structure. Figure 4 shows the process of 

signal editing obtained by considering only the high amplitude and damage 

retain as the bench mark from the original signal. As shown, the suspension 

signal contained low amplitude signal compared to bracket component. The 

damage retain are the elimination of low amplitudes, which is why the edited 

signal for suspension is shorter compared to bracket signal.  

 

Table 1 Statistical result for suspension and bracket 

Statistic parameter Suspension Bracket 

Mean, (µε) -1034.31 -345.55 

Standard deviation, (µε) 627.71 1103.18 

RMS, (µε) 1209.87 1156.00 

Kurtosis 4.165 2.718 

 

Figures 5 and 6 show the distribution of total damage and total number 

of cycles for each damage retained, respectively. The results show that the 

less the damage retained, the more the damage value. This is due to the low 

amplitudes were eliminated as damage was retained. This low amplitude does 

not contribute to the component failure. Since the total number of cycles, N is 

the inversely proportional to total damage, D and the expression is 𝑁 =
 1 𝐷⁄ . Therefore, lower number of cycles were recorded as the damage 

retained increasing. 

The transformation of Fast Fourier Transform (FFT) was carried out to 

obtain the frequency domain signal. The sampling frequency used are 200 Hz 

for both signals. This sampling frequency was determined based on number 

of data in one second from time domain signal. The frequency domain has 

been used to determine the PSD of the signal obtained as shown in Figure 7. 

The PSD result shows the harmonic frequency occurred on the component 

that happened because of the higher amplitude contained in the signal. From 

the result obtained, both components contain the fatigue damage features in 

the low frequency distribution. This is prove that low amplitude events of the 

fatigue cycles can be found in the higher frequency distribution of a 

frequency spectrum. 
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(a) 100% damage retained for suspension and bracket components 

  
(b) 95% damage retained for suspension and bracket components 

  
(c) 90% damage retained for suspension and bracket components 

  
(d) 85% damage retained for suspension and bracket components 

  
(e) 80% damage retained for suspension and bracket components 

Figure 4 The signal editing using damage retained for (a) 100%, (b) 95%, (c) 

90%, (d) 85% and (e) 80% 
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Figure 5 Damage value for each edited signal based on damage retained 

percentage 

 

 
Figure 6 Fatigue life for each edited signal based on damage retained 

percentage 

 

The area under the graph for PSD have been compared for both 

components and is illustrated in Figure 8 to represent the energy contained 

for the given signal. From the result obtained, the energy contained has been 

increasing significantly from the PSD for the original signal to PSD for the 

80% damage retained signal. This is shows that the increasing of fatigue 

damage value gave the significant changes of energy contained in the signal. 

Therefore, the relationship between fatigue analysis using time domain give a 

significant information in frequency domain. The PSD result plays a vital 
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role in changes in the time domain signal and provide the meaningful 

information to fatigue analysis. 

 

  
(a) Original for suspension and bracket 

  
(b) 100% damage retained for suspension and bracket 

  
(c) 95% damage retained for suspension and bracket 

  
(d) 90% damage retained for suspension and bracket 



Relationship between time domain and frequency domain strain signal 

188 

  
(e) 85% damage retained for suspension and bracket 

  
(f) 80% damage retained for suspension and bracket 

Figure 7 Power spectral density for each damage retained (a) 100%, (b) 95%, 

(c) 90%, (d) 85% and (e) 80% 

 

Mathematical relation between the total number of cycles and area 

under the PSD graph have been performed. The consideration of the first 

order linear equation to fit the data. The relationship between both 

coefficients is shown in Figure 9. It can be observed that, there is a linear 

relationship between the two parameters with the R-square value measured 

are higher up to 0.80 for suspension component and 0.97 for bracket 

component. As the R-square value close to 1, the parameters satisfy the 

conditions for a better fit [13]. The R-squared value for suspension is quite 

low compared to bracket component which is 0.8027, so 80.27% of the 

variability in total number of cycles is explained by energy contained in PSD. 

Even though the result is a little inferior, but it is still good [14]. Larger 

values of the coefficient of determination indicate a better fitting model. In 

additions, the low R-squared value obtained for suspension component are 

due to the original signal that contained noise signal. The noise signal 

obviously disturbed the energy contained for the PSD graph compared to the 

others edited signal, which were low amplitude been filtered. 
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Figure 8 Energy from PSD for each damage retained 

 

 

 
Figure 9 Relation of total number of cycles and area under the graph 

 

 

Conclusion 
 

This paper study on the characteristic of a fatigue data editing technique in 

time domain and frequency domain by using FFT. The characteristic was 

compared between the time domain fatigue analysis and frequency domain 
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analysis. It is prove that the component of system can be computed by using 

transfer function of component and PSD of excitation strain. In this study, 

two types of automotive components were used i.e. suspension and bracket. 

The fatigue analysis is done by comparing the damage values and number of 

cycles to failure for both component. Next, the statistical analysis are used to 

see the behaviour of the signal in time domain. It can be seen that bracket 

component is more critical compared to suspension component.  

The signal were edited by adjusting the retained damage for each 

components (100%, 95%, 90%, 85% and 80% retained damage). The FFT is 

done for each signal composed and the area under the graph were obtained. 

The total number of cycles and area under the graph were compared in order 

to see the correlation between these two parameter. From the result obtained, 

the edited fatigue data signal was able to have the good relation with 

frequency domain analysis as the area under the PSD graph shows the energy 

contained in the particular signals independently.  
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