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ABSTRACT. This paper presents the development of the multiple linear
regression approach based on the stress ratio and applied load that was
assessed using entropy generation. The energy dissipation is associated with
material degradation to determine the fatigue life with consideration to the
irreversible thermodynamic framework. This relationship was developed by
predicting a complete entropy generation using a statistical approach, where a
constant amplitude loading was applied to evaluate the fatigue life. By
conducting compact tension tests, different stress ratios were applied to the
specimen. During the tests, the temperature change was observed. The lowest
entropy generation was 2.536 MJm” K when 3,000N load with a stress ratio
of 0.7 was applied to the specimen. The assumptions of the models were
considered through graphical residual analysis. As a result, the predicted
regression model based on the applied load and stress ratio was found to agree
with the results of the experiment, with only 9.3% from the actual experiment.
Therefore, the entropy generation can be predicted to access the dissipated
energy as an irreversible degradation of a metallic material, subjected to cyclic
elastic-plastic loading. Thermodynamic entropy is shown to play an important
role in the fatigue process to trace the fatigue life.

KEYWORDS. Entropy; Fatigue Crack Growth; Magnesium alloy; Multiple
Linear Regression; Stress ratio.

Citation: Fauthan, M. A., Abdullah, S.,
Abdullah, M. F., Mohamed, 1. F., Multiple
linear regression parameters for determining
fatigue-based entropy
magnesium  alloy, Frattura
Strutturale, 62 (2022) 289-303.

characterisation of
ed Integrita

Received: 31.03.2022
Accepted: 29.06.2022
Online first: 31.08.2022
Published: 01.10.2022

Copyright: © 2022 This is an open access
article under the terms of the CC-BY 4.0,
which permits unrestricted use, distribution,
and reproduction in any medium, provided the
original author and source are credited.

289


https://youtu.be/ujwD1HMTS98

M. A. Fauthan et alit, Frattura ed Integrita Strutturale, 62 (2022) 289-303; DOI: 10.3221/IGF-ES1S.62.21

INTRODUCTION

he growing ecological effect of transport emissions, limited resources, and the restraint to conserve energy has

resulted in a comprehensive research study that focused on establishing innovative magnesium alloys for light-

weight automobile structural applications. To ensure the safe and reliable applications of Mg alloys, the fatigue
deformation resistance of Mg alloys has to be studied. Since magnesium alloy has a very low weight for its capability and
workability, industries make a high usage of magnesium alloys in many mechanical functions [1]. If the parts are exposed to
load in cyclic conditions, the determination of fatigue properties becomes crucial. As a progtessive reduction of the material
strength process, fatigue will occur due to cyclic loading or cyclic contortion. Fatigue failure can happen suddenly with no
obvious caution and typically catastrophically [2]. It starts with the development of microcracks that continue to grow with
duplicated applications of the load [3]. This concurrently decreases the product’s recurring strength until becomes so low
that the structure’s failure is impeded [4]. Fatigue problems are often the main problem of total performance, which thus
calls for an investigation of magnesium alloys’ fatigue characteristics [5].
At the beginning of the research, common fatigue analysis methods include stress-life curves for high-cycle fatigue (HCF)
and strain-life curves for low-cycle fatigue (LCF). Existing approaches sometimes give inconsistent results, and failure
measures usually depend on the environment set up. Recent entropy-based fatigue studies have shown high accuracy,
establishing thermodynamic energies and entropies as measures of system damage, degradation and failure.
The fatigue procedure is typically accompanied by energy change, which establishes a thermodynamic structure to study its
depiction. As the irreversible process occurs, the energy dissipates, which shows that the concept of entropy is a suitable
tool to review the fatigue process [6]. In this case, entropy generation is an early detection mode that allows the researcher
to develop the approach from the surface temperature evolution. The use of the energy theory to study fatigue is another
approach to determining fatigue life. Most works were conducted based on the total strain energy density, which has been
widely used to evaluate material failure. Over the past several decades, thermodynamic measurements have also been widely
used with fatigue tests as non-destructive testing (NDT) method, mainly to determine fatigue properties.
Furthermore, some researchers [7] have examined the theoretical structure and comparable testing methods to analyse
dissipated heat energy at the crack tips. The elastic-plastic fracture parameter shows the average heat energy in a cycle [§].
It was found that the fatigue damage can be depicted as an index for energy dissipation in a system volume cycle [9]. The
fatigue process in mechanical processes uses the concept of the thermodynamics structure [10], which is not unanticipated
as fatigue deterioration is an irreversible process that slowly ages a system until failure by fracture [11]. The second law of
thermodynamics is related to fatigue, where entropy is generated during the disorder [12]. Typically, fatigue is a complicated
procedure that is impacted by different aspects. Problems in fatigue research study occur due to the presence of many
internal and external aspects such as the properties of the material as well as the load and geometry which affect fatigue
behaviour [13]. After that, various approaches and theories have been used to design and study fatigue procedures, for
instance, the vatiety of cyclic loading before fracture [14], dissipated energy [15], and deterioration in structural applications
[16]. Current research studies in infrared thermography for non-destructive examination of damage have offered brand-new
research studies for the research findings the study of crack propagation for specimens subjected to cyclic loading [17]. In
a traditional test, numerous unidentified input specifications are needed. Furthermore, this relationship can be described
through the introduction of multiple linear regression (MLR) to predict a variable’s value based on the importance of two
or more other variables.
Earlier research studies have shown that the evolution of temperature throughout fatigue failure can be utilised as a primary
forecast of fatigue life [18]. To examine fatigue failure based on entropy generation, the temperature level difference
throughout the fatigue system is essential [19]. If the total generation of entropy can be approached through regression,
then fatigue life can be predicted. Hence, this paper aims to describe the MLR relationship to predict the total entropy
generation of magnesium alloy, AZ31B.

LITERATURE BACKGROUND

he thermodynamic approach to assessing materials’ fatigue behaviour requires the definition of a system that obeys
thermodynamics laws. For practical purposes, it is considered that the material subjected to the analysis is a closed
system since there is no mass inter-change with the environment, even though there is heat transfer through the
boundaties.
The dissipative process during the energy transformation can be assumed as fatigue damage. Typically, it is presumed that,
for a volume of product V going through cyclic loadings, the power I used up in one cycle is either dissipated as heat (Q)
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or taken in to elicit variation of the internal energy (U) [20]. According to the first law of thermodynamics, the equation is
expressed by:

W=0Q+U 1)

The advantage of utilising thermodynamic forces and flows is that the entropy production o can be explained in terms of
experimentally quantifiable amounts. For this reason, during the dissipative process, high-quality energy degrades to low-
grade energy, which is a procedure called entropy generation [21].

ENTROPY GENERATION METHOD

n fatigue, the dissipative process p = p(¢) depends on a time-dependent phenomenological vatiable {. When defined in
general terms, the change in system’s entropy, 45 through a form of modification is connected to dQ by:

ds=6Q/T @)

where T'is the temperature.
entropy production rate depends on dissipative process p, and its rate is o = ds/df

azﬁz[za_pjzzxj ©

dt Op 04 ) ot
where is X = % g—p the thermodynamics forces and | = aa—é, is the thermodynamics flows.
p !

In this research, the dissipative process is the plastic strain involving fatigue [23]. The measure of system degradation, ». So,
let D is the rate of degradation D = dw/dt

Dzd_wz[a_wa_Pja_ézyy 4

dr \ Op 64 ) Or

From above equation, the degradation of the system varies in the same manner between dissipative process p and the
entropy generation. The combined parameter in Eqns. (3) and (4) is the thermodynamic flow, J, a degradation coefficient
can be expressed as:

Y _(00/p)(@/2C) _ow

X T (0x/ap)(ep/30) o

®)

From Eqn. (4) and Eqn. (5), the degradation can be defined as:

da faw,
D=2=Yy]=BX]=BL—~ 6
xR ©

Some researchers [25] have mentioned in their research that :

(AK)'
4o,

aw,
= Ay )
dN

Therefore,
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da_da_ A (AK)
N fdt T o

®)

The following equation assumes the relationship between plastic deformation and the thermal dissipation in the second law
of thermodynamics in solids with internal friction [26]:

y=w,/T-], grad T | T? 9)

In this instance ¥ signifies the rate at which entropy is manufactured ( ¥ = 0), ], is the heat flux, T the temperature of the
surface, and w

[27].

, 1s the recurting plastic energy mass per unit which comes from the calculation from Morrow’s estimate

w, = AN (10)

constants 4 and a are from the material value, which can be found using this equation:

—b b+e
A =22 o (” ) N, 11
ol 5 () ay

where 5} and o"f are cyclic ductility and fatigue strength coefficient, respectively. Then, the terms 4 and ¢ are the fatigue

strength exponent and the fatigue ductility exponent, respectively.
MULTIPLE LINEAR REGRESSION (MLR)

the linear relation between dependent and independent variables. MLR is able to immediately predict the
dependent variable by matching the observational data and thus eliminating the need for repeated research with
commercial software. The general multiple regression model was defined to be:

D ] LR was chosen to develop a relationship between entropy and the applied load as well as stress ratio to ensure

f(xi)=a+ﬂ1xz1 + Boxp ot B, + & (12)

MILR attempts to model the relationship between two or more explanatory variables and a response variable by fitting a
linear equation to observed data. Every value of the independent variable is associated with a value of the dependent variable.

From the Eqn. (12), f (Xi ) is the dependent variable (entropy of the material) and x; is the /) independent variable. There
are two independent variables in this study: (1) load applied and (2) stress ratio. &, represents the intercept, which is a

constant, [, represents the slope of the linear relationship between the means of the dependent and independent variables,

and e is the random error with a mean of 0. Additionally, this work aimed to provide a reliable solution to predict fatigue
life.

METHODOLOGY

evolution. In Fig. 1, the process flow of the study is shown. This paper starts from the material preparation until the
development of MLR. After the material preparation, the fatigue crack growth test was conducted to determine the
stress intensity factor using the Linear Elastic Fracture Mechanics (LEFM) principle. During the test, besides observing the

T he methodology implemented in this study begins with the determination of fatigue crack growth and temperature
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fatigue crack growth rate, the evolution of the surface temperature was also monitored. The collected data were used for
further investigation on entropy generation. All the data needed to be validated before proceeding with the development of
MLR.

The approach applied in this study begins by determining the fatigue crack development and the evolution of temperature.
The study made use of the commercial AZ31B magnesium alloy. AZ31B is a wrought magnesium alloy with both notable
room-temperature ductility and strength.

Material preparation

'
Fatigue crack growth test
(different load and stress ratio)
T

¥

v
Observation of surface

Observation of crack length temperature

Crack growth analysis ] I Entropy analysis

Validation of crack growth and
entropy

l

Development of Multiple Linear
Regression model

Figure 1: Process flow of crack growth and entropy generation

IR sensor

Figure 3: The setup of the IR sensor and the specimen
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The AZ31B’s mechanical properties are listed in Tab. 1. The thickness of the specimen is 10 mm.

Properties
Young’s modulus (GPa) 44.8
Poisson’s ratio 0.3
Yield Strength (MPa) 244
UTS (MPa) 298

Table 1: Material properties of AZ31B [1]

The specimens of compact tension (CT) were prepared following the recommendation of the ASTM E647 standard
document as illustrated in Fig. 2 to study the fatigue crack growth (FCG). The CNC milling machine and electrical discharge
wire-cutting device were used to cut the sample to the required dimensions. The need to prepare a good quality sample is
very important, which can be achieved by polishing and cleaning the sample using sandpaper with 600, 9000 and 1200 grids.
Therefore, no oxides and grease on the specimen’s surface are present to obtain accurate results during the thermos-effect
measurement. Furthermore, the exclusion of stress concentration on the surface could prolong the beginning of the fatigue
crack.

A uniaxial servo-hydraulic at a load capacity of 100kN was used to perform all the FCG experiments as in Fig. 3. The
temperature of the surface material was monitored and recorded using the non-contact infrared sensor. The usage of an
infrared sensor is to enable the measurement of small fluctuation of temperature due to elastic deformation during the test.
Common equipment such as the thermocouple is not suitable for this set of tests.

The specimen used a constant amplitude sinusoidal loading with a different load (2,600 N, 2,800 N and 3,000N) and
different load ratios (R = 0.1, 0.4 and 0.7) [24] with constant frequency of 10 Hz. According to previous work, to perform
the LEFM method, the stress applied should not exceed 0.80 of UTS. Considering the suitability of 4K, the different load
must be calculated using:

AP 24+«
AR =—————5 I, (13)
BW (1-a)
and
F, =(0.886+4.64a —14.72a° —=5.6a") (14)

B and IV are the thickness of the specimen, Fp is the geometry factor and a is W/ P where W/ P should not exceed 0.2 as

mentioned in the E647 standard document.
During the test, the specimen’s temperature trend was detected with the infrared sensor which was set up with a 50 mm gap
between the sensor and specimen according to the specification of the setting device.

RESULTS AND DISCUSSION

Fatigue crack growth

T he crack caused by fatigue can be monitored from the experiment. From the beginning of the process, the crack
initiation of the specimen was shown. At the loading of 2,600N, the crack began after 4,343 cycles, while for the
2,800N load, cracking began after 3,739 cycles. During the loading of 3,000N, the specimen recorded the lowest

cycle at 2,288 compated to the others. The increment of the amplitude loading led to shorter fatigue life at 2.87 x 104, 2.70

x 104, and 2.55 x 10% cycles, respectively. The test also explains that if a different load of 2,600N, 2,800N, and 3,000N was

applied, the curve varies from each other since the load of 2,600N with 0.1 stress ratio has the longest fatigue life. The
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difference does not mean that the specimen has different material properties but that it needs to be analysed using the log-
log curve.

0.1
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O 12600 0.7
0.0001
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Figure 4: Fatigue crack growth curve for the AZ31B magnesium alloy for stress ratio 0.1, 0.4, 0.7 after 2,600N was applied.

Next, the correlation between calculated AK and crack growth is explored. The data attained from the experiment showed
three different results even though the setup of the experiment was the same. However, the scattered band of fatigue crack
growth rate was estimated to be the same in the log-log relationship. Fig. 4 depicts the confirmation of the linear relationship
between da/dN and AK values in the double log scale. The constant 7z was calculated to be 3.6 for the stress ratio of 0.1, 0.4
and 0.7, while the C value was in the range of 1.0 x 107 to 3.0 x 10-1° (m/cycle)/ MPa.m!/2,

Entropy generation

The evolution of the crack’s temperature throughout the fatigue crack growth investigation for all loads applied and stress
ratio is displayed in Fig. 5 (a). It shows that different loads with different stress ratios will give different results. Moreover,
the results show that the value changes go through three different phases. However, the temperatures show the same trend.
From Fig. 5 (b), at the beginning of the FCG test, which is in Stage 1, the sudden movement and the disruptions of the
grains will cause a rise in the surface temperature, which concerns 10% of the material’s lifecycle [21]. The phenomenon of
intrusion and extrusion also occurs during this stage. After that, the temperature is more stable in Stage 2 as the volume of
heat generated is the same as the heat released to the surrounding. However, at the end of the test, the temperature begins
to increase in a short time due to the more extensive plastic deformation compared to the deformation that occurs in the

second stage. There was a progressive increase in the rate of fatigue crack growth as they tend to become unstable in Stage
3 [11].

Temperatur, °C
N\

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000
Number of cycle, N
—1, 2600 0.7 w—1 2600 0.4 1. 2600 0.1
L2800 0.7 —1. 2800 0.4 —1.28000.1
—1. 3000 0.7 —1. 3000 0.4 w—1. 3000 0.1
@

295



7

M. A. Fauthan et alii, Frattura ed Integrita Strutturale, 62 (2022) 289-303,; DOI: 10.3221/IGF-ESIS.62.21

28 4

27 4 "_,/

O

o

.
=~

24 -
23
22 T T T T : )
0 5,000 10,000 15,000 20,000 25,000 30,000
No. of cycles, N

Figure 5: The temperature evolution measured during fatigue a crack growth tests: (a) three different load and stress ratio (b) under
2,600N for stress ratio 0.1.

From the experiment done, the development of the entropy generation for three various loads and three various stress ratios

are different from each other. The temperature level utilised to examine the entropy generation remains in Kelvin. For the

fAw
T

since the

majority of the fatigue life, the entropy generation was almost consistent [28]. Entropy generation is y =

temperature evolutions are small.

For the purpose of comparison, the load of 2,600N is further investigated. Fig. 6 shows that the relation between the fatigue
crack growth and the energy dissipation is in a linear function for the three different stress ratio tests. However, it is obvious
that the gradients of the three graphs are of different values. The difference indicates that during the crack growth, there
were different amounts of energy dissipation for the three different stress ratios. In other words, energy dissipation is
dependent on the stress ratio value. From other research [29], the energy dissipation is independent with the dimension,
load, and stress ratio to each material.

2.50€-03
2.00E-03 R*=0.9885.4
oy
> 1.50E-03 R*=0.9877 ¢ o
E e . - -
£ R*=0.9653 ,¢ A
£ 1.00E-03 A
E ® I BPiad
* PP
’.Q ° "" A
5.00E-04 o
®
0.00E+00
0 0.1 0.2 03 0.4
E/dt
A 2600R0.1 ® 2600R0.4 & 2600R0.7
------ Linear (2600 RO.1) - - - - - - Linear (2600 R0.4) - - - - - - Linear (2600 R0.7)

Figure 6: The energy dissipation during the fatigue crack growth for different stress ratio

However, the disparity on this matter can be explained in the relationship between 4K and energy dissipation during the
fatigue crack growth. The spread of the points in Fig. 7 is nearly at the same trend. The difference is at the end of the test,

296



g
@
s M. A. Fauthan et aliz, Frattura ed Integrita Strutturale, 62 (2022) 289-303; DOI: 10.3221/IGF-ESIS.62.21

where the lowest stress ratio, 0.1 showed the highest energy dissipated. This relationship shows that the energy dissipated
is independent of the stress ratio.

As the crack growth increases, the total entropy was calculated until the specimen fractures utterly. The total entropy
generation when a load of 2,600 N was applied was 3.424, 3.101 and 2.922 MJm-3 K-! for stress ratios of 0.1, 0.4 and 0.7,
respectively. According to Fig. 8, the total entropy generation decreased as a higher stress ratio was applied. This was due
to the distribution of a higher energy per unit volume, which led to failure. It shows that with a higher entropy generation,
the specimen should have a higher fatigue life. It shows that entropy generation with consideration to internal friction
moved from a low value to a higher value as loads decreased due to the accumulation of internal friction.

0.50
0.45
0.40
0.35
030
s r
3 025 ®
o
0.20 N
0.15 *,
0.10 ¢ %
0.05 »ol
r
PSS e
0.00 o & bodaelios upid
20 25 30 a5 40 45 50 55 60 65
delta K

42600R0.1 ®2600R0.4 ¢ 2600R0.7
Figure 7: The relationship between energy dissipated rate and delta K in different stress ratio for 2600N

g
=

rag
o

7T

N
o

MJ/m’K)

7T

—
=]

Total Entropy generation, y

T

00

Load (N)

80.1 004 0.7

Figure 8: Total entropy generation with different loads and stress ratios.

Tab. 2 and Fig. 9 show the statistical analysis for the cycle count. It is evident that the distribution offered the best fit for
the cycle count information according to the goodness of fit criteria. A probability distribution is an analytical function that
explains all the values that are possible and the probabilities that a random variable can take within a bounded range. This
range varies between the lowest and highest potential value, however, the possible value that is most likely to be outlined
on the probability distribution depends on a variety of elements. The p-value of each load applied shows the value of 0.975,
0.973 and 0.940. The p-value is a probability that measures the evidence against the null hypothesis. Smaller p-values provide
stronger evidence against the null hypothesis. To determine whether the data do not follow a normal distribution, compatre
the p-value to the significance level. Because the p-value was greater than the significance level of 0.05, the value is acceptable
[30][31]. For example, a significance level of 0.05 indicates a 5% risk of concluding that a difference exists when there is no
actual difference. The analytical chart reveals that the points fall within the self-confidence limitations, showing that the
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straight line seems to have a relatively good fit for the data [32]. This suggests no proof that the value does not come from
distribution for cycles count data of load used for 2,600N, 2,800N and 3,000N. It was evident that the distribution offered
the best fit for the cycle count information according to the goodness of fit. Fig. 10 shows the entropy correlation between
the predicted and experimental values. Correlation analysis is a method of statistical evaluation to study the strength of a
relationship between two numerically measured and continuous variables. This method has been used by various researchers
to calculate the accuracy of empirical data with the predicted fatigue life data. The plot shows that all points are fitted fit
within the range of 1:2 and 2:1 correlation margin. As all of the points were scattered within the lines, the simulated and
experimental fatigue lives were determined to be within the acceptable limit.

Load applied, N Mean St Dev AD P-value
2600 16467 7683 0.127 0.975
2800 16962 6270 0.128 0.973
3000 15446 6427 0.151 0.940

Table 2: The statistical results of cycles count data.

Probability Plot of Cyce Number 2600N

, Probability Plot of Cycle Number 2800N
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Figure 9: The probability distribution of fatigue crack growth at different load of (a) 2600N; (b) 2800N; (c) 3000N
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10

Predicted Entropy (MJ/m*K)

Experimental Entropy (MJ/m3K)

Figure 10: Relationship between predicted and experimental entropy

Multiple Linear Regression

To calculate the relationship between two or more independent variables and one reliant variable, MLR was utilised. The
regression design can describe the indirect regression examination with just one explanatory variable by utilising a two-
dimensional plot of the reliant variable as a function of the independent variable [33]. The regression has five key
assumptions: 1) linear relationship, 2) multivariate normality, 3) no or little multicollinearity, 4) no autocorrelation, and 5)
homoscedasticity. From the data set, the straight line can be obtained to represent the model of regression. Moreover, the
R? value determines fit consistency. Nonetheless, there are many explanatory variables associated with MLR analysis and,
as a result, the presumptions of linearity, homoscedasticity, and normality must be tested to confirm that the MLR-based
entropy models obtained in this research can be generated with valid inferences. In statistics, the response surface
methodology as in Fig. 11, explores the relationships between several explanatory variables and one or mote response
variables. Response surface plots such as contour and surface plots are useful for establishing desirable response values and
operating conditions. In a contour plot, the response surface is viewed as a two-dimensional plane where all points that
have the same response are connected to produce contour lines of constant responses. Overall, the response surface plot
in Fig. 11 shows that the entropy varies inversely with the load applied and linearly with the stress ratio (independent
variables), which validates the linearity of the MLLR-based entropy model presumption.

Entropy

Stress Ratio

2800

Load applied

Figure 11: The response surface for entropy MLR-based entropy model

Next, the assumptions of the MLR model were assessed. The four different conditions that need to be evaluated for the
multiple regression to give a valid result are the linear function, independent function, normal distribution and equal variance
[34]. The results are shown in Fig. 12. Hence, all the MLLR-based entropy models justified the requirement that most of the
error terms are generally dispersed. When the goodness of fit, homoscedasticity, normality, and linearity of the MILR-based
entropy model had been examined, the model was verified by contrasting the entropy values by the models with those
observed from the experiment for 3000N, as presented in Fig. 13. From that figure, the entropy anticipated by the MLR-

299



M. A. Fauthan et alit, Frattura ed Integrita Strutturale, 62 (2022) 289-303; DOI: 10.3221/IGF-ES1S.62.21 z

based entropy model shows noble conformity with the entropy values from the experiments, with an R? value of 0.9760.
The R? value is more significant than 0.9000, which offers the dependability of the model in predicting the entropy of the
specimen [33].

Normal Probability Plot
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Figure 12: Observation of multiple regression.

Next, the MR analysis was applied to produce a meaningful entropy prediction model. The set of data that contains the
entropy generation values of the CT specimens, stress ratio (R), and load applied (P), as shown in Eqn. (12), was utilised to
develop the MLR-based entropy models. The MLR-based entropy generation model or also known as the predicted entropy
(») was obtained as:

y =5.827-0.001148P + 0.8044K (15)

Therefore, the regression model parameters are:
a = 5.827
B, =-0.001148

B, = 0.8044

Once the assumption of the MLR-based entropy model was clarified to be acceptable, the models were compared to the
experimental values done with a load of 3,000N. Tab. 4 shows the percentage of the difference between the experimental
and predicted data for 3,000N load conditions. The difference is less than 10%, and the determined entropy generation well
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forecasts the experimental data under new load conditions. This shows that the majority of the predicted entropy generation
was near to a comparable experimental value.

38
36
34
3.2

3.0

28

Entropy predicted by regression
(MIm3 K1)

26

24
24 2.6 28 3 3.2 34 3.6

Entropy generated from experiment (MJm=K* )

Figure 13: Comparison between the entropy predicted by the MILR-based entropy and entropy observed from the experiment for load
3000N.

Stress ratio Experimental entropy Predicted entropy % of differences
0.1 2.956 3.090 4.6%
0.4 2.607 2.849 9.3%
0.7 2.536 2.608 2.8%

Table 3: The percentage of difference entropy generation concerning the experimental data for 3000N.

CONCLUSIONS

behaviour of a material with changes in temperature during the fatigue process. The tests were done using compact

tension made of AZ31B magnesium alloy for load ratios of 0.1, 0.4, and 0.7 with different loads of 2,600N, 2,800N
and 3,000N. The fatigue crack growth life increased with a decrease in the value of the stress ratio. An approach to
developing the MLR relationship between the entropy generation applied load and stress ratio was shown in this paper. The
assessment of entropy generation through energy dissipation is needed by using an analytical method. Throughout the
fatigue test, the entropy generation can be determined from the temperature evolution. By performing compact tension
tests, various stress ratios of 0.1, 0.4 and 0.7 were used on the specimen with applied loads of 2,600N, 2,800N and 3,000N.
From the test, the lowest entropy generation was 2.536 MJm K- when a 3,000N load with a stress ratio of 0.7 was used
for the specimen. Note that the deviation of entropy generation represents a change in the internal friction between the two
loads. Therefore, if the entropy generation can be determined and the relationship graphs can be plotted from the fatigue
test, then the prediction of the internal friction can be done. As an outcome, the predicted regression model for load 3,000N
based on the applied load and stress ratio was discovered to concur with the outcomes of the experiment, with just 9.3%
from the real experiment where the entropy values obtained from the experiment and regression model were in good
agreement. The results were indeed encouraging, where the percentage difference between the MILR-based entropy models
was less than 10%.
Through this study, the data collected also will be beneficial to new approaches to predict fatigue life and get better results
such as Artificial Intelligence. Artificial Intelligence is used to solve complex tasks by linking patterns to real-valued
quantities by integrating data science and computational resources. An artificial neural network (ANN) is trained on
experimentally determined data that is highly relevant in terms of fatigue. Load stress, hardness and defect size are the three
main parameters that are defined as input arguments. The main fields of application are pattern recognition, classification,
time series forecasting, and signal processing. Artificial neural networks (ANNs) are computing systems started by biological

T his research shows that entropy generation was deployed as an effective way of measuring the crack growth
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neurons such as the human brain. ANNs are able to learn from an experience similar to how humans learn. After total
fracture occurs at a certain load level, defect size is evaluated by fracture surface analysis. Therefore, various methods have
been developed by researchers because there is always a margin for improvement to make fatigue life prediction more
accurate.
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