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Abstract: 
 This study specifically focuses on the coil spring, one of the automotive suspensions system parts. 

Under its service life, this component will be driven over different surface profiles that will give different 

displacements and vibration responses. This paper explores the correlation between the strain signals resulting 

from displacement and vibration responses when subjected to the variable amplitude loading. This 

comparative study was implemented using strain5life approach, (ε
N) and Hybrid Integrated Kurtosis5based 

Algorithm for Z5notch filter Technique (Hybrid I5kaz). The Hybrid I5kaz method provides a two dimensional 

graphical representation of the measured strain and vibration signal and Hybrid I5kaz coefficient, Zh
∞ 

in order 

to measure the degree of data scattering. An experiment has been performed on an automotive suspension 

system machine. This study was considered test signals which were excited based on ten different frequencies 

that were varied from 1 Hz to 10 Hz. A strain gauge of 5 mm in size and an accelerometer were mounted on 

the inner surface of the coil spring to measure the strain signals and vibration responses due to the loading. 

The time domain strain signals and vibration signals were then analysed based on the Coffin5Manson model 

for fatigue damage prediction and the Hybrid I5kaz method. The total fatigue damage and Hybrid I5kaz 

coefficients, Zh
∞ 

for each signal of the different frequencies were compared in order to perform the correlation 

study. From the analysis, it was found that the strain signal was linearly proportional to the vibration 

responses. 
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1   Introduction 
In service life, automotive suspension system 

experiences the significant load that cause vibration 

and displacement that contributing to mechanical 

failure through fatigue [1]. Vehicle vibration may 

actually be due to an improperly functioning of 

automotive suspension system. Both strain and 

vibration signals are important parameters to 

achieve higher quality level of vehicles in term of 

ride comfort and resistant to high load [2]. Thus, it is 

worthy to study the relationship of these two 

parameters.  

      The strain and vibration signals measured on a 

coil spring were used as the subject of this study as 

this component directly experiened the load when 

the vehicle was driven over the road.  

     A vehicle was influenced by the excitations due 

to the road unevenness. The vehicle responses  

changed at the different velocities although the road 

condition remained constant. This factor was taking 

into consideration to induce different displacements 

and vibrations of the coil spring under it service 

conditions.  

      

 

    The analysis to be performed for the purpose of 

this paper is fatigue damage assessment. The strain5

life approach (ε
N) was used for the fatigue damage 

analysis as this case study was related to  low cycle 

fatigue, which is a suitable approach to analyse 

random data collected from automotive components 

[3].  

    Another analysis to be performed in this paper is 

statistical analysis, which is using the newly 

developed statistical5based method, called Hybrid 

Integrated Kurtosis5based Algorithm for Z5notch 

filter Technique (Hybrid I5kaz). Hybrid I5kaz 

method calculates the related coefficient for the 

measured signal that is called the Hybrid I5kaz 

coefficient, Zh
∞
 and two dimensional graphic 

displays of the magnitude distribution. 

     This work assessed the total fatigue damage (D) 

and Zh
∞
 of the strain and vibration signals at 

different frequencies. The goal was to determine the 

correlation between the strain and vibration signal of 

the coil spring in term of D and Zh
∞
. 
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2   Literature Review 
 

 

2.1 Total fatigue damage 
Three major approaches have widely been used to 

analyse fatigue damage or fatigue life, namely the 

stress5life approach (S
N), the strain5life approach 

(ε
N) and the linear elastic fracture mechanics 

(LEFM) [4]. However, the strain5life approach (ε
N) 

is used for the analysis as the case study was related 

to  low cycle fatigue, which is a suitable approach to 

analyse random data collected from automotive 

components.  

    The strain5life approach considers the plastic 

deformation that occurs in the localised region 

where fatigue cracks begin under the influence of a 

mean stress. This approach is often used for ductile 

materials at relatively short fatigue lives. This 

approach is also used where there is little plasticity 

at long fatigue lives. Therefore, this is a 

comprehensive approach that can be used in place of 

the stress5based approach. Consequently, it is 

common that the service loadings caused by 

machines and vehicles is evaluated using a strain5

life fatigue damage approach [5510].  

    The foundation of the strain5life approach is the 

Coffin5Manson relationship [11, 12] and it is 

defined as the following equation  
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    The majority of material fatigue data is collected 

in the laboratory by means of testing procedures 

which employ fully reversed loadings. However, 

some of the realistic service situations involve non5

zero mean stresses. Therefore, it is extremely 

important to know the influence of the mean stress, 

so that the fully reversed laboratory data can be 

usefully employed in the assessment of real 

situations. Two mean stress effect models are 

commonly used, i.e. the Morrow and Smith5Watson5

Topper (SWT) strain5life models. Morrow (1968) 

was the first to propose a modification to the base5

line strain5life curve which accounted for the effect 

of the mean stress by modifying the elastic part of 

the strain5life curve. The Morrow’s strain5life model 

[13] is mathematically defined by  

 

( ) c

ff

b

f

f

mf

a
NN

E
)2('21

)'(
'

ε
σ
σσ

ε +







−=   (2) 

 

     The SWT strain5life model [14] is 

mathematically expressed by  
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     For all those three strain5life expressions, E is the 

material modulus of elasticity, εa is a true strain 

amplitude, 2Nf is the number of reversals to failure, 

σ’f is a fatigue strength coefficient, b is a fatigue 

strength exponent, σmax is a maximum fatigue stress, 

ε’f is a fatigue ductility coefficient and c is a fatigue 

ductility exponent. 

     The fatigue damage caused by each cycle is 

calculated in reference to material life curves, i.e. 

stress life (S
N) or strain life (ε
N) curves. The Nf 

value for each cycle can be obtained from Eq. (1) to 

(3), and the fatigue damage value, D, for one cycle 

is calculated as 

 

f
N

D
1

=                   (4) 

 

     The total damage caused by N cycles is referred 

to the Palmgren5Miner rule, for which the 

accumulated damage, ΣD, is expressed as 
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     Where Ni is the number of cycles within a 

particular stress range and mean, and Nf is the 

number of cycles to failure for a particular stress 

range and mean.  

 

2.2 Statistical Analysis 
A signal is a series of numbers or data that come 

from any measurement, typically obtained using 

some recording method as a function of time [15]. 

Many signals in nature exhibit random or 

nondeterministic characteristics which provide a 

challenge to analyse using signal processing 

techniques [16].  

    In actual applications, mechanical signals can be 

classified to have stationary or non5stationary 

behaviour. Stationary signal have the behaviour that 

the statistical property values remained unchanged 

with the changes in time. For non5stationary, 

however, the statistical parameter values of a signal 

are dependent to the time of measurement. For both 

stationary and non5stationary signal, the 

engineering5based signal analysis is important to 

explore the characteristics and behaviour of the 
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signal, and the outcomes of these can also related to 

the fault detection and analysis [17].  

    The global signal statistics are frequently used to 

classify random signals and the most commonly 

used statistical parameters are the mean value, the 

standard deviation value, the root5mean5square 

(r.m.s.) value, the skewness and the kurtosis [18]. 

     Statistic analysis had been performed in order to 

achieve the objective of this paper. Both strain and 

vibration signals were analysed using the Hybrid I5

kaz method, a new statistical5based method. The 

Hybrid I5kaz method was developed based on the 

concept of magnitude distribution about its centroid. 

This method provides a two dimensional graphical 

representation of the magnitude distribution. The 

Hybrid I5kaz coefficient, Zh
∞
 was given as in Eq. (6)  
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     Where N is the number of data, Kε and KV are the 

kurtosis of the strain and vibration signal, 

respectively and Sε and SV are the standard deviation 

of the strain and vibration signals, respectively. The 

standard deviation (S) for n data point is 

mathematically defined as 
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     Kurtosis value was mathematically defined as 

Eq. (8). Kurtosis, which is the signal 4
th
 statistical 

moment, is a global signal statistic which is highly 

sensitive to the spikiness of the data. Higher kurtosis 

values indicate the presence of more extreme values 

than should be found in a Gaussian distribution. 

Kurtosis is used in engineering for detection of fault 

symptoms because of its sensitivity to high 

amplitude events [19].   
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3   Methodology 
The Finite element analysis (FEA) has been 

performed in this work in order to determine the 

highest static stress position. This analysis was 

implemented using MSC. Patran and MSC. Nastran. 

The aim of the FEA is to identify the highest stress 

position for the placement of the strain gauge and 

accelerometer on the coil spring during the 

automobile road test. Thus, this study focuses on the 

specific position that is critical zone since this zone 

contributes to the fatigue failure of this component. 

    The selected material for the simulation testing 

purpose was the chromium steel, SAE5160. This 

material was chosen because it was commonly used 

to fabricate a coil spring for the vehicle suspension 

system. The material properties and their definitions 

are given in Table 1 and Fig. 1 shows the strain5life 

curve of this material type. 

 

Table1: Mechanical Properties of the Chromium 

Steel, SAE 5160 

Properties 

Chromium 

steel, SAE 

5160 

Ultimate tensile strength, Su (MPa) 1584 

Modulus of elasticity, E (GPa) 207 

Fatigue strength coefficient, σ’f (MPa) 2063 

Fatigue strength exponent, b 50.08 

Fatigue ductility exponent, c 51.05 

Fatigue ductility coefficient, ε’f 9.56 

 

     Fig. 2 illustrates the critical stress zone 

experiencing by the automobile under static loading. 

The different colour contours in this figure indicates 

the different stress values were observed on this 

component. The red colour contour indicates the 

maximum stress that is at 240 MPa was observed at 

the inner surface. From this FEA observation, it was 

found that the inner coil surface is the most 

damaging zone compared to other surfaces. 

 

 
Fig. 2. Stress distribution for the static load 

 

     An actual road5load testing was conducted in 

order to validate the static FEA result. This is 

because this automobile was subjected to the cyclic 

loading under actual application. The measured 

strain loading was then used as the input information 

for the cyclic5based FEA calculation. 
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     Because of the difficulty in sticking the strain 

gauge on an inner surface of the coil spring, the 

outer critical zone surface was chosen as the subject 

zone in this study as shown in Fig. 3. The car was 

then driven over the road for collecting the strain 

signal that will be used as the input for the cyclic 

FEA analysis. During the test, the car was constantly 

driven at 40 km/h on the damage5surface road 

surface.  

    The measured strain signal was shown in Fig. 4. 

On the other hand, Fig. 5 shows the obtained result 

for the FEA5based cyclic simulation, indicating the 

maximum critical stress for the inner and outer 

surfaces was in concordance to the result in Fig. 2. 

Therefore, the outer surface of the coil spring has 

been chosen for further analysis in this subject since 

it agreed with the static and cyclic simulation, in 

which it clearly contributed to the failure of an 

automobile component. 

 

  
Fig. 3. Position of the strain gauge on the coil spring 

during the road test 

      
 

 
Fig. 4. The actual strain signal which is captured 

from the road test 

 

    The laboratory experiment was then carried out 

on the durability test rig, in which the rig was 

designed as a full scale of the automotive suspension 

system (see Fig. 6). The 5 mm strain gauge and the 

Endevco
®
 model 751 accelerometer were mounted 

on the outer surface of the coil spring for capturing 

the strain and vibration signals respectively.  

 
  

 
Fig. 5. FEA distribution of fatigue damage using the 

measured cyclic load 

 

    SoMat eDAQ Data Acquisition was used for the 

strain signal measurement and PXI System was used 

for the vibration response measurement. The main 

reason for capturing the strain and vibration signals 

was to determine the correlation between these two 

parameters that is the main objective of this paper. 

 

      

 
Fig. 6. Durability test rig for laboratory data 

measurement. 

 

     During the laboratory test, 10 different 

frequencies were used as the excitations to the coil 

spring. The selected frequency values were varied 

from 1 Hz to 10 Hz. Frequency differences are 

important in this study since the recorded strain and 

vibration signals are needed for their correlation 

purposes. In the signal analyses, the fatigue damage 

assessment and the Hybrid I5kaz method were 

applied for each collected signal. Finally, the 

correlation analysis was then performed in term of 

Strain gauge 
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the total fatigue damage and Hybrid I5kaz 

coefficient and also the observation of the two 

dimensional graphical representation. All the 

previously discussed methodology can be seen in 

Fig. 7. 

 

 
Fig. 6. The block diagram of the experimental 

process. 

 

 

4   Results and Discussion 
 

 

4.1 Time domain signal 
The captured strain and vibration signals vary from 

1 Hz to 10 Hz were then analysed in the time 

domain signals. The original time domain signal for 

strain and vibration signals were presented in Fig. 8 

and Fig. 9, respectively. All the signals were 

sampled at 500 Hz for 60 seconds record length. 

Thus, the time series of 30,000 data points was then 

produced. 

     From Fig. 8 it shows clearly the highest 

frequency, 10 Hz, contributes the highest 

displacement to the coil spring, i.e. 205 Mε and then 

followed by 9 Hz, 8 Hz, 7 Hz, 6 Hz and 5 Hz. which 

were found at 184 Mε, 150 Mε, 132 Mε, 107 Mε 88.2 

Mε, respectively. The lowest frequency that is 1 Hz 

gives the lowest displacement, which is at 6.6 Mε. 

The total strain ranges of the other frequencies were 

tabulated in Table 1. From the table, it shows the 

strain range of the strain signals were increased as 

the frequencies increase. Increments of the 

frequencies illustrate the increment of the total strain 

range. This situation was similar with the vehicle 

that was driven at the different velocity on the same 

road surface or condition. This indicates the 

automobile experiences higher shock at higher 

velocities compared to low velocities. This is 

because of a higher amount of load being 

transmitted to this component. The significant 

amount of this load will therefore, give the 

significant displacement to the coil spring. 

     The same case goes for the vibration signals. The 

highest total vibration amplitude was given by 10 

Hz that is at  0.01 ms
52

. It was then followed by  9 

Hz and 8 Hz which were found at 0.088 ms
52

 and 

0.08 ms
52

, respectively. The lowest frequency, 1 Hz 

was gave the lowest total vibration amplitude, i.e. 

0.005 ms
52

. For the rest of the frequencies see   

Table 2. From these values, it show that the total 

vibrations amplitude were going higher with higher 

frequencies.  

    Thus, it clearly shows that the increments of the 

frequencies illustrate the increment of the vibration 

responses and the strain range.   

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 
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(g) 

 
(h) 

 
(i) 

 
(j) 

Fig. 8 The time series plots of the measured strain 

signal at different frequencies (a) 1 Hz, (b) 2 Hz, (c) 

3 Hz, (d) 4 Hz, (e) 5 Hz, (f) 6 Hz, (g) 7 Hz, (h) 8 Hz, 

(i) 9 Hz and (j) 10 Hz 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

 
(g) 

 
(h) 

 
(i) 

 
(j) 

Fig. 9 The time series plots of the measured 

vibration signal at different frequencies (a) 1 Hz, (b) 

2 Hz, (c) 3 Hz, (d) 4 Hz, (e) 5 Hz, (f) 6 Hz, (g) 7 Hz, 

(h) 8 Hz, (i) 9 Hz and (j) 10 Hz 

 

4.2 Total Fatigue Damage Assessment, D 
The first analysis that will be performed in this 

paper is the total fatigue damage assessment.     

Table 2 shows the results for the D after analysing 

using GlyphWorks
®
 software and the strain signals 

as the input. This analysis was based on Coffin5

Manson approach. Referring to Table 2, strain signal 

at 10 Hz produced the highest D which was found to 

be 4.6x10
51

. It was followed by 9Hz, 8 Hz and 7 Hz 

that is 5.5x10
52

, 3x10
52

 and 2.8x10
52

, respectively. 

    According to the D value as tabulated in Table 3, 

the lower frequency illustrates the lower D value. It  
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Table 1: Total Strain Range and Total Vibration 

Amplitude of Each Frequency 

Frequency 

(Hz) 

Total Strain 

Range (�ε) 

Total 

Vibration 

Amplitude  

(ms
�2

) 

1 6.6 0.005 

2 30.8 0.0053 

3 48.8 0.0058 

4 74.0 0.0063 

5 88.2 0.0067 

6 107.0 0.0070 

7 132.0 0.0077 

8 150.0 0.0082 

9 184.0 0.0088 

10 205.0 0.01 

 

can be seen clearly at the lowest frequency that is 1 

Hz does not contribute any damage to the coil 

spring. Automobile displacement at 1 Hz was too 

low compared to the other frequency. This is 

because the lower frequency gives smaller loading 

amplitude to this component and does not physically 

effect the coil spring. The D values for the rest of 

the frequencies can be seen in Table 2. All these 

values were agreed with the time domain signals in 

Fig. 8 and also with the total strain range values as 

shown in Table 2.  

 

Table 2: Total Fatigue Damage of Each Frequency 

Frequency 

(Hz) 

Total Fatigue 

Damage, D 

1 0 

2 9x10
59 

3 1.2x10
58 

4 4.8x10
55 

5 1.2x10
55 

6 5.0x10
53 

7 6.6x10
52 

8 7.8x10
52 

9 1.2x10
51 

10 6.0x10
51 

 

4.3 Hybrid I�kaz Coefficient, Zh
∞ 

In order to correlate the relationship between the 

strain and the vibration signals, a statistical analysis 

was implemented using the Hybrid I5kaz method. 

This method was utilised the strain and vibration 

signals of the input signal. The results obtained from 

the Hybrid I5kaz analysis for all signals were 

presented in Fig. 10, which illustrates the Hybrid I5

kaz coefficient and two dimensional graphical 

representations of the amplitude distribution for the 

strain and vibration response signal. 

     From Fig. 10, the Hybrid I5kaz coefficient, Zh
∞
 

for 10 Hz was found to be the highest Zh
∞ 

value 

which was 0.072. It was then followed by 9 Hz, 8 

Hz and 7 Hz at 0.0400, 0.0367 and 0.0277, 

respectively. The lowest frequency that is 1 Hz gave 

the lowest Zh
∞ 

value that was at 0.00002. Higher Zh
∞
 

value illustrates higher frequency that was applied to 

the coil spring.  The obtained results were agreed 

with the D value that was tabulated in Table 3. In 

addition, this value was strongly supported by the 

observation on the space of scattering of Hybrid I5

kaz display. This graphical representation shows the 

bigger space of scattering illustrates the Zh
∞
 value of 

the signal was comparatively getting larger. The rest   

of the values of the Zh
∞
 are simplified in Table 3. 

 

 

 
(a) Zh

∞
= 0.00002 

 
(b) Zh

∞
= 0.0006  

 
(c) Zh

∞
= 0.0029  
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(d) Zh

∞
= 0.0061 

 
(e) Zh

∞
= 0.0108  

 
(f) Zh

∞
 = 0.0174 

 
(g) Zh

∞
= 0.0277                                                                               

 
(h) Zh

∞
= 0.0367 

 
(i) Zh

∞
= 0.0400 

 
(j) Zh

∞
= 0.0720 

Fig. 10 I5kaz Hybrid coefficient, Zh
∞
at the 

frequencies of (a) 1 Hz, (b) 2 Hz, (c) 3 Hz, (d) 4 Hz, 

(e) 5 Hz, (f) 6 Hz, (g) 7 Hz, (h) 8 Hz, (i) 9 Hz and (j) 

10 Hz 

 

    From Table 3, it was obviously shown that the Zh
∞
 

value increased due to the increment of the 

frequency value. This relationship was supported by 

the statistical values as shown in Table 4 and Table 

5. As mentioned before, the Hybrid I5kaz method 

was developed based on standard deviation and 

kurtosis which were mathematically defined as Eq. 

(6) and Eq. (7). As the frequency increased, the 

strain and vibration signal tend to have more 

spikiness rather than lower frequency. Higher 

kurtosis value indicates the presence of more 

extreme values. 

     Kurtosis of strain versus kurtosis of vibration was 

plotted in order to explain the reason to the 

increment of Zh
∞
 as the frequency increased. Based 

on Fig. 11, it was clearly shown that kurtosis of the 

strain and vibration signal were linearly related to 

each other. In addition, similar results were obtained 

for the standard deviation of the strain signal when 

plotted against the standard deviation of the 

vibration signal, as shown in Fig. 12. It shows the 

standard deviation of the strain signal is also linear 

related to the standard deviation of the vibration 

signal. This absolutely proves why the Zh
∞
 value 

increased as the frequency increased. 

 

Table 3: Hybrid I5kaz coefficient, Zh
∞
 

Frequency 

(Hz) 

I�kaz Hybrid 

Coefficient (Zh
∞
) 

1 0.00002 

2 0.0006 

3 0.0029 

4 0.0061 

5 0.0108 

6 0.0174 

7 0.0277 

8 0.0367 

9 0.0400 

10 0.0720 
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Table 4: Kurtosis values for the strain and vibration 

signal 

Frequency 

(Hz) 

Kurtosis 

Strain signal 
Vibration 

signal 

1 1.0 1.8 

2 1.5 2.1 

3 1.7 2.5 

4 2.5 2.7 

5 3.2 3.3 

6 3.7 4.1 

7 4.1 4.9 

8 4.6 6.0 

9 5.9 6.8 

10 6.1 7.3 

 

 

Table 5: Kurtosis values for the strain and vibration 

signal 

Frequency 

(Hz) 

Standard Deviation 

Strain signal 
Vibration 

signal(x10
�4

) 

1 8 1.5 

2 10 2.1 

3 14 2.8 

4 16 3.0 

5 17 3.4 

6 19 3.6 

7 22 4.4 

8 25 4.7 

9 28 5.6 

10 30 6.6 
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Fig. 11 Graph of Kurtosis of Strain Signal versus 

Kurtosis of Vibration Signal. 
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Fig. 12 Graph of Standard Deviation of Strain Signal 

versus Standard Deviation of Vibration Signal. 

 

     In order to achieve the objective of this paper, the 

total fatigue damage for each frequency was plotted 

versus the Hybrid I5kaz coefficient in logarithmic 

scale as shown in Fig. 13. Each data point represents 

the D and Zh
∞ 

value as tabulated in Table 2 and 

Table 3, respectively. The result shows the D value 

was linear proportionally related to the Zh
∞ 

value and 

mathematically derived as Eq. (9) and generally 

defined as Eq. (10). Constant α and β in Eq. (10) 

were varied based on the material and type of 

component used, respectively. Different material 

and type of component give the different value of 

constant α and β. 

 

2.16.1 += ∞
hZLogLogD    (8) 

( ) 6.1
8.15 ∞= hZD     (9) 

βα )( ∞= hZD                (10)  
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Fig. 13 Graph of Log Total Fatigue Damage Versus 

Log I5kaz Hybrid Coefficient 

 

WSEAS TRANSACTIONS on SIGNAL PROCESSING S. Abdullah, N. Ismail, M. Z. Nuawi, M. Z. Nopiah, A. Ariffin

ISSN: 1790-5052 87 Issue 3, Volume 6, July 2010



     The mathematical equation in Eq. (10) was 

verified using the signals that were collected at the 

road test as shown in Fig. 14 and Fig. 15, indicating 

the strain signals and vibration signals, respectively. 

The actual road test used a coil spring that was made 

of similar material with the coil spring that was used 

for the laboratory testing. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 14 The strain signal measured at (a) highway, 

(b) campus road (c) country road 
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Fig. 15 The vibration signal measured at (a) 

highway, (b) campus road (c) country road 
 

 

    The same analyses has been implemented for 

these three signals that were the total fatigue damage 

assessment and the Hybrid I5kaz method. The reason 

for this statement is because the results obtained 

from these analyses were used to validate Eq. (9).  

    Table 6 shows the D values for highway, pave 

track and country road.  From Table 6, the D value 

predicted using Glyphworks software of the country 

road, campus road and highway was found at 15.1 x 

10
52

, 10 x 10
52

 and 5.5 x 10
52

, respectively. While the 

D value calculated from the developed equation   

(Eq. 9) was given by 14.8 x 10
52

, 10.3 x 10
52

 and           

5.7 x 10
52

 that refer to the country road, campus road 

and highway, respectively. The Zh
∞ 

values that were 

applied in the developed equation were shown in 

Fig. 16 together with the Hybrid I5kaz graphical 

representations.  

 

Table 6: Total Fatigue Damage based on 

Glyphworks Software and Mathematical Equation  

Type of Road 

                    D (x10
52

) D 

Difference 

(%) 
Glyphworks  Equation 

Country road      15.1    14.8 2 

campus road       10    10.3 3 

Highway      5.5     5.7 3.6 

 

 
(a)� Zh

∞
= 0.03 

 

 
(b) Zh

∞
= 0.044 

 
(c) Zh

∞
= 0.054 
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    Table 6 also shows the difference (in percent) 

between the predicted D using the developed 

equation and Glyphworks software. The difference 

was calculated as Eq. (11).  

 

%100Χ
−

Glyphwork

Glyphworkequation

D

DD
                           (11) 

 

    From Table 6, it can be seen that the fatigue 

damage difference for the country road, campus road 

and highway  were found at 2 %, 3 % and 3.6 %, 

respectively. The small percentage for the total 

fatigue damage difference proved that the developed 

equation was valid for the same material and type of 

automobile that were used in the laboratory testing.   

   

 

5   Conclusion 
This paper discussed the comparative study of total 

fatigue damage and I5kaz Hybrid coefficient. The 

strain and vibration signals that were varied from 1 

to 10 Hz were collected from the full scale 

automotive suspension system that was used as the 

subject of this study. A fatigue damage assessment 

of strain signal and I5kaz Hybrid method of strain 

and vibration signals was performed. From the 

analysis, the total fatigue damage was found to be 

linearly related to the I5kaz Hybrid coefficient as 

developed equation. The reason behind this 

statement is I5kaz Hybrid method in developed 

based on kurtosis and total fatigue damage has a 

relationship with kurtosis since kurtosis is used in 

engineering for detection of fault symptoms because 

of its sensitivity to high amplitude events. This 

result shows that, the developed equation can be 

used as the total fatigue damage prediction as an 

alternative method based on similar material and 

type of component. 
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