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Abstract. Overhead conductors are the most requested components in a transmission line, due to the vibratory movement
resulting from the action of the wind. In Brazil the highest incidence is associated with aeolian vibration, being the main
cause of conductor fatigue failure. Fatigue can be defined as a progressive failure of a component under repetitive,
cyclic or oscillating loads and the fatigue damage over time is irreversible and cumulative. One of the main
methodologies for life estimation is based on the fatigue curve of the S-N (stress-life) material. In many cases, stresses
have random characteristics, and the estimate of fatigue damage depends on the loading history. Thus, the life estimate
can be performed in the time domain, from the cycle count in each stress level of the recorded signal, based on rainflow
cycle counting, or in the frequency domain based on power spectral density moments of the structure. Considering the
results of fatigue tests carried out with the CAA 397.5 MCM - IBIS conductor which are available in the literature, this
research aims to reconstruct the stress histories at critical points of the conductor and estimate his life. From the
estimates made with the reconstructed signals it will be possible to compare them with the results obtained from the tests
and verify the efficiency of the methodology employed. The analyses consider the effect of discretization of the power
spectrum and the technique of simulation of stochastic processes in the fatigue life predictions, so that predictions will
be made through spectral and time models. From the results it was noticed that when making estimates in the time
domain, fatigue life values are more variable than in the frequency domain, because the statistics and spectral measures
are less influenced by the signal size, thus, the most accurate models were Rayleigh and Dirlik.

Keywords: conductors fatigue, aeolian vibration, power spectrum, rainflow.
1. INTRODUCTION

Transmission lines are large structures that are subject to loads that are influenced by environmental conditions, with
overhead conductors being the most requested components in a transmission line. Therefore, there is a need to understand
the mechanism that controls the occurrence of fatigue failure caused by aeolian vibration, which could lead to innovative
technologies being developed, making transmission line installation more reliable and economically feasible. Besides the
dynamic forces caused by the wind, the conductor is also submitted to static loading, due to the tensile load applied when
installing the transmission lines (Kalombo et al., 2020). These and other dynamic forces of nature set power line
conductors into cyclic motions, including aeolian vibration, sub-span oscillation and conductor galloping.

Among the wind induced conductor motions the most dangerous is aeolian vibration, considered as the most recurrent
phenomenon. The occurrences can be on almost any transmission line at any time, with a fast accumulation of fatigue
cycles. Subspan oscillation can hardly produce strand fatigue failures since the accumulation of fatigue cycles is slow and
the conductor stress at spacer damper clamps is generally moderate. Galloping is a relative rare event on any given line
span or section because of the combination of weather conditions that is required for its occurrence (Cosmai et al., 2017).
In this sense, it is important to examine the fatigue behavior and to evaluate the fatigue reliability of the conductive cables
under random loads.

Fatigue is a localized damage process of a component produced by cyclic loading. It is the result of the cumulative
process consisting of crack initiation, propagation, and final fracture of a component. During cyclic loading, localized
plastic deformation may occur at the highest stress site. This plastic deformation induces permanent damage to the
component and a crack develops. As the component experiences an increasing number of loading cycles, the length of
the crack (damage) increases. After a certain number of cycles, the crack will cause the component to fail (separate) (Lee,
2005b).

When the stress state satisfies the hypothesis of Gaussian stationary ergodic signal and is synthesized by a single
Power Spectral Density function (uniaxial stress state), the literature shows approaches that, starting from its Power
Spectral Density function (PSD), it is possible to directly obtain an estimation of the damage. The development of a
frequency domain approach is an alternative to rainflow, the time domain reference criterion (Braccesi, Cianetti and
Tomassini, 2015).
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Based on the results of fatigue tests carried out with the CAA 397.5 MCM - IBIS conductor which are available in the
tests literature, this paper aims to reconstruct the stress histories active at critical points of the conductor and estimate its
useful life. From the estimates made with the reconstructed signals it will be possible to compare them with the results
obtained from the tests and verify the efficiency of the methodology employed. The analyses consider the effect of
discretization of the power spectrum and the technique of simulation of stochastic processes in the fatigue life predictions,
so that predictions will be made through spectral and time models.

Therefore, this research aims to define the discretization of the power spectrum that resulted in better results of fatigue
life prediction and also to determine which analysis domain (frequency or time) was more satisfactory. In the frequency
domain will be used the models of Rayleigh and Dirlik, already in the time domain will be adopted the rainfow technique.
Then, the damages calculated by Palmgren-Miner and Serensen-Kogayev rules are verified to establish which
methodology obtained better estimates of fatigue life.

2. FUNDAMENTAL THEORIES
2.1 Time domain approach

Since the mid-1800s, a standard method of analyzing fatigue models has been the stress-based approach. August
Wohler determined a stress curve applied as a function of the number of cycles required for material to break and a fatigue
strength limit stress for steels. This method is also known as the tension-life approach or S-N (stress-life), called in the
technical literature as S-N Curve or Wohler Curve (Watanabe, 2014).

To generate data useful for fatigue designs using the stress-life approach, stress-life fatigue tests are usually carried
out on several specimens at different fully reversed stress amplitudes over a range of fatigue lives for identically prepared
specimens. The fatigue limit is associated with the phenomenon that crack nucleation is arrested by the first grain
boundary or a dominant microstructural barrier. Also, it can be overcome by the application of a few overloads, in a
corrosive environment, etc. (Lee and Taylor, 2005b).

Equation (1) represents the S-N curve:

5= B(V,)" 9

where b is the slope of the S-N curve, and B is the material parameter determined by experiments.
An alternative form of the S-N curve to predict Nt for a given S, is given by Eq. (2):

Ne = AxS.™, )

where m =-1/band A = (1/B)™.

Predicting fatigue damage for structural components subjected to variable loading conditions is a complex issue. The
first, simplest, and most widely used damage model is the linear damage. This rule is often referred to as Miner's rule
(1945). However, in many cases the linear rule often leads to nonconservative life predictions. The results from this
approach do not take into account the effect of load sequence on the accumulation of damage due to cyclic fatigue loading
(Lee, 2005b).

The universally used linear damage assessment model was first proposed by Palmgren (1924) for application to the
Swedish ball bearing industry. Miner demonstrated excellent agreement between the predictions from the linear damage
rule and his experimental results. This success led to the Strong association between Miner and the linear damage rule,
and the linear damage rule is commonly referred to as Miner's linear damage rule. In this case, the fatigue damage has a
unique, linear relation with the cycle ratio regardless of the stress levels (Lee, 2005b). In terms of mathematics, the linear
damage rule can be expressed as follows:

D = ®3)

= Nf’i’

Failure is predicted when the sum of damage reaches a “critical value” (called critical damage) and is typically
considered to be 1.

The fatigue damage is strongly associated with the cycle ratio, n; /Ny ;, where n; and Ny ; are, respectively, the number
of applied stress and/or strain cycles and the fatigue life at a combination of stress and/or strain amplitude and mean stress
levels. The fatigue life, N ;, can be obtained from baseline fatigue data generated from constant-amplitude loading tests,
as the stress-life (S-N) method (Lee and Taylor, 2005a).

Cycle counting is used to summarize irregular load-versus-time histories by providing the number of times cycles of
various sizes occur. The ASTM E1049 standard proposes several acceptable procedures for cyclic-counting methods
employed in fatigue analysis, among them the rainflow method (ASTM E1049-85, 2017).



26" ABCM International Congress of Mechanical Engineering
November 22-26, 2021. Florianépolis, SC, Brazil

2.2 Frequency domain approach
As presented by Bishop (1988), the Power Spectral Density (PSD) of a signal gives an indication of the average power

contained in particular frequencies. It can be expressed as a one-sided function G(f). From the one-sided spectral density
function of the process, G(f), the spectral moments of order n, My, are found through Eq (4):

M, = [ f6(f)df, @

The zeroth moment My can then be used as an alternative method of computing the root mean square (RMS) value
which is a good indication of the intensity of a process:

RMS =0 = \/M,, ()

The crossing rates of zero E[0+] and peaks E[P] can be calculated based on spectral moments, according to Eq. (6)
and Eq. (7), respectively:

E [0+] — M (6)

Mg

E[P] = \[Z:;* (7)

By making a relationship between the zero level crossing rate and the peak rate, the irregularity factor is obtained
according to Eq. (8). The irregularity factor will essentially measure how many peaks a signal has for each time the signal
crosses at the zero stress level (Lee, 20053).

_EDY M )
E[P] JMoMy'

When the irregularity factor tends to one, it means that for each peak, there will be approximately a zero level crossing
and the process is said to have a narrow bandwidth. However, when the bandwidth is wide, it is said that the irregularity
factor will tend to zero, that is, there will be infinite peaks for each zero level crossing (Lee, 2005a).

The process is said to be narrow band if its spectral density has only a narrow range of frequencies. In contrast, a wide
band process is one whose spectral density covers a wide band of frequencies, this bandwidth is called the width parameter
(Watanabe, 2014).

Lee (2005a), shows that a narrow band process is smooth and harmonic. For each peak, there is a corresponding
upward crossing of zero, which means that E[0+] is equal to E[P]. However, the wide band process is more irregular.

Benasciutti and Tovo (2005), show that the irregularity factor, which varies between 0 and 1, can be used to
characterise the shape and the geometrical frequency distribution of a given spectrum as a function of spectral moments.
Being expressed as:

My 9
V= Tt ©)

Another parameter that can be analyzed is the bandwidth as defined by Eq. (10):
A=y1—y2? (10)

Thus, narrow band processes should have an irregularity factor equal to 1 and a width parameter equal to zero, while
wide band processes should have an irregularity factor tending to zero and a spectral width parameter tending to 1
(Watanabe, 2014).

In the papers of Benasciutti and Tovo (2005) and Braccesi, Cianetti and Tomassini (2015), the authors expose that in
random processes, it is difficult to determine exactly the fatigue damage that the structure is subjected to. Therefore, it is
common to use for models characteristic of Gaussian and stationary processes the concept of damage intensity D, which
estimates the fatigue damage per unit of time. From the amplitude distribution of the counted cycles, fs,(S,), itis simple
to express the expected damage per unit of time (i.e. the intensity of the damage) under the Palmgren-Miner rule:

D =" [ S, (S,)dS, (11)
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which depends on constant amplitude fatigue properties (through the NS;* = A relation) and on the number of counted
cycles per unit time, N(T). Thus different models of the amplitude distribution, f;,(S,), cause different damage values to
be obtained.

For narrow band processes it is reasonable to assume that every peak is coincident with a cycle and predicts an intensity
of fatigue damage with a Rayleigh amplitude distribution (Benasciutti and Tovo, 2005).

According to Lee (2005a), if the loading history is stationary narrow band Gaussian and the stress amplitudes follow
the Rayleigh distribution:

E(sg) = (V2os) T (3 +1), (12)
where a5 = /M,

In such a case, the expected total fatigue damage Dng of a zero-mean stationary narrow band Gaussian stress process
over a time interval can be written as:

LI *« m_ (m
Dy = B2 p(sp) = EEMT (/7m) " (2 + 1), (13

where Nyz = E[0%] # T is the total number of cycles in time and I'(.) is the gamma function.

Instead of using the damage correction factor from narrow band stresses to wide band stresses, Dirlik (1985) developed
a closed empirical expression for the rainflow amplitude probability density function, f5,(S,), with based on extensive
Monte Carlo simulations of stress amplitudes, and was verified in theory by Bishop and Sherratt (1986). Bishop and Lack
(1996) showed improvements in the results of the fatigue damage calculation using the Dirlik solution when comparing
the corresponding time used with time domain calculations (Watanabe, 2014)

According to Benasciutti and Tovo (2005), the approximate expression for the probability density function of ranges
S, of rainflow counted cycles proposed by Dirlik is a result of a best fit over a large set of data from numerical simulations:

The Dirlik damage model for a studied period of time T is demonstrated by Eq. (14):

E[P]*T
A

Dpiriik = fooo Sa fsa(Sa)dS,, (14)

The probability density function (PDF) is determined from a series of parameters defined by Dirlik:

z 72 z2 (15a)
Dq Dy Z sZ L
= Q z 4 32
f5a(Sa) Jioa € + Tigrz€ + €
where the function parameters are defined as:
_ Sa_. _ M1 My _ ) _2(¥m=v®. 5, _ ¥—Xm-D}
z= NETS Xm = g my ~ Y1 ¥ V2 Du= = R=
D, = 1-y-D1+Df, Dy=1-D, — D, Q= 1257=Ps=DzR) (15b)
1-R ' ' Dy '

where Z is the normalized stress amplitude (S2) and X7, 21, 22, 23, Zand @ are best-fitting parameters.
To calculate the fatigue damage using the Palmgren-Miner rule, the load distribution of Eq. (15a) is replaced in Eq.
(14) of damage intensity that derives the following expression:

Dpiriie = 2L (M) [D1@T(1 +m) + (v2)"T (1 +2) (D,IRI™ + D)) (16)

A

where Npx = E[P] # T is the total number of cycles in time.
This distribution is an explicit function of the two y; and y, bandwidth parameters and, when compared to previous
expressions, a further dependence on M; spectral moment is clearly introduced (Benasciutti and Tovo, 2005).

2.3 Serensen-Kogayev hypothesis
Among different proposals for fatigue damage cumulation models, the Serensen-Kogayev hypothesis, as well as the

Palmgren-Miner hypothesis, sums up the fatigue damage in a linear manner, but determines damage differently (Kurek
and Lagoda, 2020). According to Macha and Niestony (2007) the damage formula takes the form:
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D(T,) = {ﬁ K nSm o for  Sa 2 AskSaf
o) — SK

, 17
0 for  Sa < AsiSar )

where bgy is the Serensen-Kogayev coefficient that characterizes amplitude spectrum random loading, defined by the Eq.
(18):

THo 1 Saiti — asgSaf (18)
bk = Samax — AskSar

amax SK°af
where ag is the coefficient accounting for amplitudes below the fatigue limit, for presentations ag; = 0.5 was adopted
and S is the stress amplitude (fatigue limit) for N equal to 2 x 107 cycles; S, jmax is the maximum amplitude of counted
cycles and t; is the frequency of levels S,; occurrence for observation time T, defined by the Eq. (19):

t; = (19)

= ’
Zi:l ny

When the value of factor bgy is assumed to be 1, Serensen-Kogayev’s hypothesis is equivalent to Palmgren-Miner’s,
and in this sense, this hypothesis considers the fatigue damage caused by part of the stress amplitudes below the fatigue
limit (Kurek and Lagoda, 2020). According to Karolczuk and Kluger (2020) the Serensen-Kogayev rule assumes that the
total sum of damages D is not equal to 1, but depends on the number of loading cycles. For both rules, the calculated
number of cycles to failure is a function of the damage D accumulated under the observed number of cycles:

Ny = (20)

n
D1

According to Macha and Niestony (2007) it could be restated in the light of the spectral aspect under an assumption
that amplitudes are approximated by means of the Rayleigh distribution, the formula for fatigue life T, expressed in
seconds, and coefficient bgy:

T = Axbsi (21)

m 2 SZ 1
E[p]*(ZHU)i*r(m_“ sk af)

2 ' 2ug

2Ug Ho

2 SZ 2 SZ
v 2”0_*1.(%’(151( af)EXIJ(aSzK—af> - aSKSaf (22)

bsx =

Samax — ASKSaf ’

where u, = M, is the variance of the stress history and the fatigue life in cycles is Ny = E[P] = T.
2.4 Time signal reconstruction

From the data acquired in experimental tests, such as the RMS value, cable excitation frequency and the bandwidth,
the signal for a given time t can be reconstructed taking into account the PSD of the component's stress response. The
simulated random processes are asymptotically Gaussian processes as the number of terms of sine or cosine functions
approaches infinity (YYang, 1973).

A stationary random process with zero mean and a one-sided spectral density G(f) can be simulated by S(t) as follows:

S(t) = Xnz1 An cos 2mfut + ¢n), (23)

where A, e ¢, represent, respectively, the amplitude and phase of the frequency spectrum of the function S(t) and f, the
frequency of the component.

The amplitude of the sinusoidal signal stress in the time domain is obtained from the area of each PSD, according to
Eq. (24):

Ap =2% Afu * G(fr), (24)

The ordered pairs (t, S(t)) will form the desired random sign, having a stationary and Gaussian characteristic, since its
mean is null and the standard deviation is equivalent to the RMS value.
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3. METHODOLOGY

The study carried out by Watanabe (2014) proposed, through experimental tests, to analyze the fatigue life of overhead
conductors subjected to random loading, and then to verify the predictions of life and damage from spectral and time
methods. Watanabe performed 13 tests with different stress levels for CAA 397.5 MCM (IBIS) conductor, with a
frequency band of 0.9 Hz centered on the closest dominant frequency of 22 Hz.

Based on the tests carried out by Watanabe (2014), this work aimed to perform life predictions, with different methods
of analysis, in order to compare the results obtained with the experimental life and verify the models that are most accurate.
This work was developed computationally using the Matlab software and the methods used for life prediction were two
spectral models, Rayleigh and Dirlik, and two time models based on rainflow, in which one model used the rainflow
function provided by the software itself and the other was performed the implementation of the entire rainflow structure.
Furthermore, the Serensen-Kogayev hypothesis was also implemented for the rainflow and spectral methods.

For the development of the life prediction analysis, in addition to the test frequency data, the respective RMS values
are required, as well as the parameters of the S-N curve of the conductor. Thus, to determine the power spectrum,
reconstruct the signal in time and perform the life predictions, the necessary information was obtained from the work of
Watanabe (2014). Table 1 presents the parameters of the S-N curve for the analyzed conductor.

Table 1. Parameters of the S—N curve for an IBIS conductor.

Parameter Value
Log (A) 11,56
m 3,538

Among the tests performed by Watanabe (2014), this work analyzed test 8, whose information is in Table 2.

Table 2. Experimental fatigue test data.

Experimental Life
Test RMS (MPa) pNexp x 109

8 13,6 3,44

According to Rapuano and Harris (2007), Gasior and Gonzalez (2004) and Martins (2018) the samples in the
frequency domain are equally spaced, with a frequency range that determines the resolution of the transformation
frequency defined as:

5 25
Af ==, (25)
where Fs is the sample frequency and N is the number of points in the spectrum.
When considering the entire frequency range, the size of the frequency bins is defined, which remains constant, such
as:

My =55 (26)
where k represents the frequency acquisition rate.

To construct the power spectrum, information from the experimental fatigue test is needed, such as the RMS values,
sample frequency and the frequency band, whose values are fixed. However, it is also necessary to determine the
frequency acquisition rate parameters and the number of points in the spectrum, whose values can be chosen. With this
information, the power spectrum is constructed and Rayleigh and Dirlik models use it as a basis for making the life
predictions, as defined in section 2.2.

The reconstruction of the signal in time occurs from the power spectrum as discussed in section 2.4. and, through the
reconstructed signal, the time models make use of the rainflow technique, for counting and identifying cycles, when
making fatigue life predictions, according to section 2.1.

The Serensen-Kogayev hypothesis, according to section 2.3, was also used in the analysis of fatigue life prediction by
both the rainflow and spectral method to compare with the other models which obtained better accuracy in relation to the
experimental life. Unlike the other analyses used this hypothesis does not consider a critical damage and presents a
correction factor when compared to the Palmgren-Miner rule.

From this information, 20 fatigue life prediction analyses were defined, applied to the spectral and time models
previously defined, considering 5 fixed Afy, values, which determine the size of the frequency bins, and varying the k and
N parameters, which interfere in the power spectrum and, therefore, in the reconstruction of the signal in time. The test
has a sample frequency of 22.45 Hz, with an average value adopted for the critical damage of 0.5. The analyses consider
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the effect of power spectrum discretization and the stochastic process simulation technique on fatigue life predictions.
Thus, Table 3 presents the parameters values that were adopted to construct the power spectrum.

Table 3. Definition of values for the construction of the power spectrum.

Parameters of the analyses o
k N k N k N k N ‘
2 2048 4 4096 8 8192 16 16384 0,0219
2 1024 4 2048 8 4096 16 8192 0,0438
2 512 4 1024 8 2048 16 4096 0,0877
4 512 8 1024 16 2048 32 4096 0,1754
8 512 16 1024 32 2048 64 4096 0,3508

Finally, with the fatigue life prediction results obtained through all the analyses, the error in relation to the
experimental life obtained by Watanabe (2014) was determined through Eq. (27) and, thus, the model that presented the
best prediction was defined. It was also analyzed the influence of the size of the frequency bins on the results and the
relationship with the parameters of the frequency acquisition rate and the size of the power spectrum.

_ INy=Nexp 7)

where N, is the predicted life through the proposed life prediction models and N,,,, is the experimental life.
4. RESULTS AND DISCUSSION

The fatigue life predictions and the errors were obtained from the spectral and time models considering the 20
proposed analyses. Tables 4, 5 and 6 present all analyses with A, = 0.0219, 4, = 0.0439 and 47, = 0.0877, respectively.

Table 4. Results of the analyses considering Af, = 0,0219.  Table 5. Results of the analyses considering 4f, = 0,0438.

A =0.0219  Fatigue life prediction models (x 10°) Af=0.0438  Fatigue life prediction models (x 10°)

. ... Matlab Rainflow . ... Matlab Rainflow
Parameters Rayleigh Dirlik Rainflow Implemented Parameters Rayleigh Dirlik Rainflow Implemented
k=2 k=2
3,19 3,19 4,39 4,38 3,35 3,35 4,55 4,56
N = 2048 N = 1024
k=4 k=4
3,15 3,15 3,02 3,01 3,34 3,34 3,98 3,99
N = 4096 N = 2048
k=8 k=8
3,22 3,22 3,63 3,63 3,36 3,37 3,79 3,77
N = 8192 N = 4096
k=16 k=16
3,11 3,12 3,22 3,22 3,38 3,45 2,82 2,76
N = 16384 N =8192

Table 6. Results of the analyses considering 4f, = 0,0877.

Afp=0.0877 Fatigue life prediction models (x 10°)
Parameters  Rayleigh Dirlik Matlab Rainflow Rainflow Implemented
k=2
3,33 3,33 4,31 4,32
N =512
k=4
3,34 3,34 4,15 4,15
N =1024
k=8
3,32 3,33 3,47 3,47
N =2048
k=16
3,33 3,36 4,09 4,05

N = 4096
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Tables 7 and 8 present all the analyzes for the four models considering 4f, = 0.1754 and Af, = 0.3508.

Table 7. Results of the analyses considering 4f, = 0,1754.

Table 8. Results of the analyses considering 4, = 0.3508.

Afo
0.1754

Fatigue life prediction models (x 10°)

Afo
0.3508

Fatigue life prediction models (x 10°)

Parameters Rayleigh Dirlik

Matlab

Rainflow
Rainflow Implemented

Parameters Rayleigh Dirlik

Matlab Rainflow
Rainflow Implemented

k=4 k=8
3,34 3,34 4,44 4,44 4,95 4,99 6,19 6,18
N =512 N =512
k=8 k=16
3,34 3,36 4,38 4,36 4,95 5,27 6,43 6,08
N =1024 N = 1024
k=16 k=32
3,34 3,52 3,2 3,06 4,95 7,06 8,63 6,05
N =2048 N = 2048
k=32 k=64
3,33 4,57 5,05 3,63 4,95 1,36 1,84 6,03
N = 4096 N = 4096

The results of fatigue life from the Serensen-Kogayev hypothesis for the rainflow and spectral method are presented
in Tables 9 and 10.

Table 9. Results of fatigue life prediction analyses considering Serensen-Kogayev hypothesis.

Fatigue life prediction - Serensen-Kogayev hypothesis (x 10°)

Parameters . Parameters . Parameters .
Afb = 00219 Rainflow  Spectral Afb = 0.0438 Rainflow  Spectral Afb = 0.0877 Rainflow  Spectral
k=2 k=2 k=2
1,39 1,71 1,44 1,99 494 3,67
N = 2048 N = 1024 N =512
k=4 k=4 k=4
2,2 2,34 2,57 2,63 2,31 25
N = 4096 N = 2048 N = 1024
k=8 k=8 k=8
1,21 1,67 2,84 2,69 1,8 2,3
N =8192 N = 4096 N = 2048
k=16 k=16 k=16
1,19 1,68 3,29 3,1 2,58 2,72
N = 16384 N = 8192 N = 4096

Table 10. Results of fatigue life prediction analyses considering Serensen-Kogayev hypothesis.

Fatigue life prediction - Serensen-Kogayev hypothesis (x 10°)

Parameters Parameters

Afb = 01754 Rainflow  Spectral Afb = 0.3508 Rainflow  Spectral
k=4 k=8
3,92 3,43 6,19 5,89
N =512 N =512
k=38 k=16
2,63 2,85 6,13 5,89
N = 1024 N = 1024
k=16 k=32
1,36 2,34 6,12 5,89
N = 2048 N = 2048
k=32 k =64
3,18 3,11 6,12 5,88
N = 4096 N = 4096

From the fatigue life predictions and knowing the experimental life value, the error of each analysis was determined
in order to verify which models were more accurate. In addition, an analysis was performed on the influence of the factor
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Afy on the life prediction. Thus, Figure 1 shows the error of the spectral models (Rayleigh and Dirlik) and time models
(Matlab Rainflow and Rainflow Implemented) with respect to the factor 4f, and Figure 2 shows the error of the fatigue
life prediction results by the Serensen-Kogayev hypothesis.

160% 160%
OMatlab Rainflow 0 1 O Rainflow
0f - 0f -
140% | ©Rainflow Implemented 140% | © Spectral
120% | ORayleigh - 120% -
1 /Dirlik 2 :
100% - S 100% -
<] 1 n % 1
utJ 80% - @ o 80% - g
, i ,
60% - S 60% - 90 O
] 3 19
&) o o @
40% - = S 40% - Q
B @Q @ 2} B § O
20% - ﬁ% g5 200 | 8 é
1E R 1 &
0% 7:'7?"72‘3\ T T v T T T T T T T 0% \8\ T T T T \y T T T T T T T
0,00 0,10 0,20 0,30 0,40 0,00 0,10 0,20 0,30 0,40
Af, Af,
Figure 1. Errors in fatigue life prediction. Figure 2. Errors with the Serensen-Kogayev hypothesis.

Thus, both spectral models presented predictions similar to each other and the smaller the size of the frequency bins,
the more accurate the fatigue life predictions will be. However, as the Af, factor increases, the errors tend to increase and
the Dirlik model is more sensitive to these changes, because the damage calculation considers the peak rate and, due to
the size of the bins being larger, a smaller amount of information will be analyzed to identify the peaks. As the Rayleigh
model considers in the calculation the zero crossing rate, the value is not as variable as the peak rate.

Therefore, both time models had similar fatigue life predictions, as the errors are close. Analogously to spectral
models, the greater the Afy, factor, the greater the error tends to be in the analyses, and the model that used the rainflow
routine provided by Matlab presented greater variations in these situations because it did not store the amount of signal
peaks when calculated the damage, being necessary to use the value calculated by the spectral models.

For the test analyzed, the spectral models were more accurate than the time models, since the errors obtained were
smaller. In addition, when considering the factor 4f,, the Rayleigh and Dirlik models showed greater stability in the
predictions, such that the cable fatigue life predictions have similar results. On the other hand, the time models have
greater variations for the same value of 4, due to the reconstruction of the time signal occurring randomly.

The predictions made by the Serensen-Kogayev hypothesis for both the rainflow and spectral methods showed values
close to each other and when comparing with the other models used, life predictions based on this hypothesis tend to
present lower life values, because the correction factor bg, and the analysis only of stress amplitudes that are greater than
asgSqr Minimize fatigue life.

Therefore, from the test analyzed and the results obtained, it was observed that the spectral models are more adequate
in predicting fatigue life, also having as an advantage the lower computational cost. Due to the need that time models
have to analyze the entire signal in time, identifying peaks and valleys, the computational cost is high and most of the
stored information of the signal is neglected, because the interest is only in the values of peaks and valleys (Bishop, 1988).

Fatigue life predictions in spectral and time models depend on the size of the frequency bins, in which the smaller
sizes provide smaller errors in the predictions, i.e., the smaller the value Af;, the more information is analyzed. However,
there is a minimum bin size that any reduction will not provide significant improvement in the face of computational cost,
and the advantage of using increasingly smaller bins is that data sampling also increases and, therefore, errors tend to
decrease (Martins, 2018). Thus, as the value of 4f; is the main controller in life predictions, it is not necessary to choose
parameters of k and N so high in view of the computational cost, being known that when maintaining the same value of
Afy the results tend to be equal.

5. CONCLUSIONS
The analysis of the effect of the power spectrum discretization and of stochastic processes simulation techniques on

the fatigue life predictions of overhead conductors was the main objective of this paper. For this, the experimental results
reported by Watanabe (2014) were used to perform the prediction analysis in the time and frequency domains. Thus, to
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verify the accuracy of the methods in the time and frequency domain, the results obtained for the life estimated in fatigue
were compared with the life obtained experimentally. The main conclusions of the present work can be summarized as
follows:

« Both spectral methods (Rayleigh and Dirlik) present fatigue life predictions similar to each other, as well as both
time methods (Rainflow Matlab and Rainflow Implemented) and both analyses using the Serensen-Kogayev hypothesis.

« Among the spectral and time methods, the ones that had more adequate predictions when compared to the
experimental life were the spectral methods, with smaller errors.

* Regarding the main control factor of the life prediction methods, defined as the size of the frequency bins (4fp), it is
observed that the smaller its value the more accurate the life predictions will be, as a greater amount of information will
be analyzed, independent of the parameters of frequency acquisition rate (k) and the size of the power spectrum (N).

 Spectral methods besides presenting the best results for fatigue life prediction have the advantage of lower
computational cost, as they do not need to store as much data as in time methods.

 The results from the Serensen-Kogayev hypothesis were not so accurate, as in some cases they further reduced
fatigue life.
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