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Abstract: The purpose of this study is to filter the noise in strain signals based on the fast Fourier transform. The
strain signals were measured at an automotive lower arm made from the SAE 1045 carbon steel driven on paving
block and asphalt. This technique removed lower amplitude cycles as much as possible due to their contribution to
the minimum fatigue damage and simultaneous maintenance of cumulative fatigue damage. The filtering algorithm
was able to remove up to 36.2% of the lower amplitude cycles and maintain more than 90% of the fatigue damage.
This proved that the algorithm developed was successfully identified and eliminated low amplitude cycles.

Keywords: Fatigue, Frequency, Lower arm, Power Spectral Density

1. Introduction

Fatigue is a type of failure found in many structures and mechanical components under repeated loads. It may also
occur at a lower stress than required to break material with a single static load or at stress below the yield strength [1,2].
Its occurrence is associated with the propagation of fatigue cracks [3] and the process is very dangerous because it occurs
without any initial indications. There are many factors influencing fatigue and this makes its prediction to be very difficult
[4].

In order to predict the fatigue life of a component, the experimental measurement of the strain signal is required [5].
However, the strain signals obtained usually contain noise, affecting the accuracy of the prediction. Noise is extracted
using various methods, such as wavelet transforms [6,7]. Unfortunatelly, wavelet analysis is complicated, involving the
selection of the mother wavelet, the level, and the order [8,9], so it difficult to use generally. The aim of this study
therefore was to remove this noise with a simpler method based on the fast Fourier transform (FFT) which is expected to
provide a pure strain signal and, consequently, an accurate fatigue life assessment.

2. Material and Methods

Flowchart of the study is shown in Fig. 1. Strain signals measured at an automotive lower arm driven on paving
block [10] and asphalt [11] were selected as the case study. The 46-second paving block strain signal was measured at a
frequency of 500 Hz with 23,000 data points while the 160-second asphalt strain signal was measured at 200 Hz with
32,000 data points, as shown in Fig. 2.

Moreover, it is possible to distinguish filters by low pass, high pass, bandpass and band reject. The low pass can be
used to filter low frequencies, high pass for high frequencies, bandpass for iterations passing through, and band reject to
screen the ones caught [12]. However, since the noise is usually at a high frequency, a low pass was used and a parameter
known as Cut-Off-Frequency (COF) was used to determine the filtered frequency level.
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Fig. 1 - Flowchart of the study
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Fig. 2 - The original strain signals: (a) paving block; (b) asphalt

The experiment started with the transformation of the strain signals from time to frequency domain and the Fourier
transform FT [13] is defined as:
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where F;j is the time domain signal, t is time and w is the angular frequency, defined by:
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where f is the frequency. The FFT which was used to break the signal effectively into discrete sinusoidal waves and to
reduce the repetition needed in the process of the digital signal conversion was introduced by Cooley & Tukey [14].

Power Spectral Density (PSD) is a frequency analysis used in considering the energy of a signal in the frequency
domain providing the strength of the variations in intensity as a function. It is defined as [15]:
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The filtered strain signals were validated based on the difference in fatigue damage compared to the original strain
signals, which was below than 10%. The Coffin-Manson model [16,17] combines the elastic and plastic strains and

defined as follows: '
o f b C
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where ¢ is the strain amplitude, o' is the fatigue strength coefficient, E is the material modulus of elasticity, Nt is the
number of cycles, b is the fatigue strength exponent, ¢’ is the fatigue ductile coefficient and c is the fatigue ductile
exponent. The Morrow model [18] determines the mean stress omean by adjusting the elastic strain-life curve, as stated by:
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Another model used in the consideration of the mean stress is the Smith-Watson-Topper (SWT) parameter [19] which
was represented mathematically as follows:
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omax 1S the maximum stress amplitude. Fatigue damage for each loading cycle D; is:

D; = — 0]

Then, the cumulative fatigue damage was calculated through the use of the Palmgren-Miner rule [20,21] which was defined

by:
L} ®)
Ng

where n; is the number of applied cycles.

For the fatigue life assessments, the material used was the SAE 1045 carbon steel which is commonly used for car
lower arm productions. The properties of this material are listed in Table 1. According to the assessments, the fatigue
damage for the paving block strain signal based on the Coffin-Manson, Morrow and SWT models was 1.12E-04 damage
per block, 1.24E-04 damage per block, and 1.64E-04 damage per block, respectively, at 1,412 cycles. For the asphalt
strain signal, the fatigue damage was 5.68E-04 damage per block, 6.00E-04 damage per block, and 7.10E-04 damage per
block at 10,913 cycles.
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Table 1 - Mechanical properties of the SAE 1045 carbon steel [12]

Properties Values
Ultimate tensile strength, S, [MPa] 621
Material modulus of elasticy, E [GPa] 204
Yield strength [MPa] 948
Fatigue strength coefficient, 't [MPa] -0.092
Fatigue strength exponent, b -0.445
Fatigue ductility exponent, ¢ 0.26
Fatigue ductility coefficient, & 621

3. Results and Discussion l

Fig. 3 presents the frequency spectrums for each strain signal using 1024 sinusoidal discrete. Based on these
spectrums, the COFs were identified and 50 Hz was selected for the COF of the paving block strain signal considering
the noise were distributed at the area. Therefore, the elimination of lower strain amplitudes was believed not to affect the
original characteristic of the strain signals significantly.
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Fig. 3 - Frequency distributions in the range of 0 to 100 Hz: (a) paving block, (b) asphalt

Moreover, in order to maintain these original characteristics, the filtered strain signals should have 90% of the fatigue
damage [22-25]. However, for the 50 Hz filtered paving block strain signal based on the Coffin-Manson, Morrow and
SWT models it was found to be 1.08E-4 damage per block, 1.20E-4 damage per block, and 1.58E-4 damage per block,
respectively. This shows a removal of approximately 3.7% of the fatigue damage and 6.6% of the cycles to maintain
1,319 cycles. This led to the reduction of the COF to 45 Hz which later produced 1.01E-04 damage per block, 1.13E-4
damage per block, and 1.50E-4 damage per block, or a reduction of the fatigue damage up to 9.8%. This shows a removal
of 10.2% of the cycles to retain 1,256 cycles. This COF was selected as the optimum because it filtered at a lower
frequency of 40 Hz and reduced the fatigue damage up to 16.1%, affecting the original behavior of the strain signal.

However, for the asphalt strain signal, the COF started at 95 Hz and produced 5.4E-04 damage per block, 6.7E-04
damage per block, and 6.7E-04 damage per block for the Coffin-Manson, Morrow, and SWT models, respectively. This
removed up to 5.5% of the fatigue damage and 30.2% of cycles to retain 7,622 cycles. Since the fatigue damage removed
was below 10%, the COF was further decreased to 90 Hz which later produced 5.2E-04 damage per block, 5.5E-04
damage per block, and 6.5E-04 damage per block, or a reduction up to 9.1%. This removed 36.2% of cycles to retain
6,958 cycles. This COF was selected as the optimum because it filtered at 85 Hz and produced fatigue damage deviation
of more than 12%.

Furthermore, Figs. 4 and 5 show the 3-D histograms of the fatigue distributions at the optimum COF for the paving
block and asphalt strain signals, respectively. The histograms proved some cycles in Figs. 4a and 5a were eliminated not
to appear in Figs. 4b and 5b. This shows the algorithm developed was able to detect and remove low amplitude cycles.
Moreover, the effect of the filtering towards energy was also considered. Figs. 6 and 7 provided the PSD graphs of the
original and filtered strain signals for the paving block and the asphalt, respectively. From the comparison, the PSD areas
for the paving block and asphalt were found to have reduced by only 0.1%. These reductions did not influence the fatigue
damage and the original characteristic of the strain signals.
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Fig. 5 - The fatigue distributions of the asphalt strain signal: (a) original; (b) filtered
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Fig. 6 - PSD of the original and filtered paving block strain signals in the range of 0 to 100 Hz
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Fig. 7 - PSD of the original and filtered asphalt strain signals in the range of 0 to 100 Hz

4. Conclusion

The purpose of this study was to remove the noise in the strain signals measured at an automotive lower arm made
from the SAE 1045 carbon steel. Through the use of the FFT-based filtering algorithm developed, the paving block strain
signal was filtered at a frequency of 45 Hz to remove 10.2% of the cycles and maintain 90.2% of the fatigue damage.
Meanwhile, the asphalt strain signal was filtered at a frequency of 90 Hz to eliminate 36.2% of the cycles and retain
90.9% of the fatigue damage. Therefore, the algorithm can be applied simply to de-noise a strain signal without affecting
its original characteristics significantly.
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