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Abstract: Testing the reliability of the threshing unit is difficult and thus often neglected before
the harvesting season, which can result in breakdown maintenance during peak harvesting time in
difficult-to-access areas for sensor mounting. In this paper, the vibration analysis of the threshing
condition of the combine harvester was performed by introducing the bracket for inaccessible
locations. The Adash A4900 Vibrio M analyzer (Adash spol. s.r.o., Ostrava, Czech Republic) was
used for a vibration signal measurement and the DDS Adash software was used for signal processing.
The demodulated fast Fourier transform (FFT) root mean square (RMS) (500 Hz–16 kHz) method
was used to evaluate the bearing condition and DDS Adash Fault Source Identification Tool (FASIT)
technology was used to evaluate other mechanical conditions such as the looseness, misalignment,
and unbalance of the threshing unit of the Massey Ferguson series of combine harvesters. Modal and
random vibration analyses were performed on the bracket and components and compared to prevent
the resonance phenomenon using the Ansys Software (Ansys, Inc., Canonsburg, PA, USA). The
constrained modal analysis of the threshing drum was performed to observe the deformation. Decent
results were obtained from the method used. The method was again validated by the tangential
threshing test bench and successfully determined the bearing fault condition. The method used is
an uncomplicated and effective way of performing the bearing analysis of the tangential unit of the
combine harvester.

Keywords: combine harvester; tangential threshing; vibration analysis; FFT demodulation; random
vibration analysis; bearing fault; machine condition

1. Introduction

Threshing is one of the most important parameters to complete the harvesting process
which is time-sensitive [1]. The grain damage and grain loss are consistent significant
parameters of the threshing mechanism which can be monitored by vibration analysis for
optimal performances [2]. A discharge beater is one of the essential tools constituting the
threshing mechanism which is adjoined to the outlet and selectively rotates in response
to the feeding rate. It is arranged to transfer the crop remains from the threshing drum
and conveyor arrangement and is responsible for the net production of grains outlets [3].
The partial load is the major parameter that determines the unbalanced vibration on a
tangential threshing unit which disturbs the working accuracy of the machine and the
comfort of the operator [4].

The mode of the cylinder used, the loads on the threshing units, and the frequency
range of measurement play vital roles in the vibration analysis of the threshing unit of a
combine harvester [5]. Ji Jangtoa studied the interaction between the threshing unit and
the plant materials, concluding that the amplitude of the vibration signal experienced
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the maximum elevation of amplitude on the horizontal radial axis (feeding direction)—
more than that of the vertical axis during the loading threshing condition [6]. The sensor
mounted on the vertical radial axis encountered maximum vibration amplitude and the
sensor mounted at 45◦ with the horizontal radial axis is capable of displaying the vibration
from the vertical and horizontal directions combined under no-load conditions [7].

Zhong analyzed the comparative study of the idling state of the no-load and loading
states of the tangential threshing and shaft vibration by solving the modalities of a tan-
gential threshing cylinder. It was observed that the rotation speed frequency would not
induce the occurrence of the resonance phenomenon and the vibration amplitude increases
22–25 times with a loading condition compared to the no-load condition [8]. Investigations
were made into the swirl features and instability of a combine harvester’s thresher under
loading conditions as it is subjected to stalk winding. The stalks looped around the thresher
significantly impacts the stability and swirling properties of the thresher–stalk system [9].
Xiang made a comparative study of machine learning, ensemble learning, and deep learn-
ing with his approach to the fast Fourier transform (FFT) with the decimation-in-time (DIT)
and XGBoost algorithm to quickly and accurately identify the fault type of bearing [10].

Zhou detected the bearing defect by collectively using signal collective processing
techniques including self-adaptive noise cancellation (SANC), kurtogram, and envelope
analysis [11]. To enable a more effective calculation in impulse signal analysis, online
bearing vibration detection and analysis were carried out using the enhanced fast Fourier
transform algorithm, which is based on a straightforward arithmetic operation [12]. The
selection of the suitable demodulation frequency band is seen as an important and demand-
ing stage in bearing fault diagnostics. It decides whether envelope analysis may be used to
derive fault information from the demodulated signal [13].

If bearing defects exist, the measured vibration signal would be amplitude modulated
at its characteristic defect frequency. The modulating wave is a pass vibration signal
corresponding to local defects. Wang applied an envelope demodulation method based on
the Hilbert transform to extract the characteristics of defect frequencies. He obtained the
FFT after the Hilbert transform for the envelope spectrum [14].

Wide vibration analysis techniques and their applications are very popular in automo-
bile industries [15–18], however, these have few implementations concerning the threshing
unit of combine harvesters. Most vibration analyses are conducted in the cabin area of the
harvester and focus on driver safety and comfort [19,20], simulated vibration analysis [21],
and under laboratory conditions [22]. However, the vibration analysis techniques of the
threshing unit’s health monitoring are mostly under laboratory conditions. The vibration
analysis performed for the threshing unit of a combine harvester includes the complexity of
instrumentation due to its complex structure, as the components need to be dismantled to
obtain the raw vibration signal for processing. To avoid such complexities, in this paper, the
manufactured bracket is mounted on the bearing housing to obtain the vibration signal. The
modal analysis is performed for bracket and connected components (housing, bolt, thresh-
ing shaft, disk, and hub) for comparative analysis to avoid resonance. The demodulated
fast Fourier transform (FFT) (500 Hz–16 kHz) method was used to evaluate the bearing
condition and DDS Adash Fault Source Identification Tool (FASIT) technology was used to
evaluate other mechanical conditions such as the looseness, misalignment, and unbalance
of the tangential threshing unit of the Massey Ferguson series of combine harvesters.

2. Materials and Methods

The Massey Ferguson 7374 s ACTIVA with 1300 engine hours (EH) and the new
Massey Ferguson 7370 Beta were investigated for vibration analysis as shown in Figure 1.

The threshing drum bearings consist of 6310 (SKF, Gothenburg, Sweden) for both
series of Massey Ferguson. The vibration measurement was conducted three times for each
location. The detail of the technical condition is shown in Table 1.
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Figure 1. (a) Massey Ferguson 7370 Beta; and (b) Massey Ferguson 7347 s Activa.

Table 1. Threshing unit technical parameters of the Activa and Beta version of Massey Ferguson.

Massey Ferguson 7374 s (1300 EH) ACTIVA Massey Ferguson 7370 (New) BETA

Engine power 306 KW 365 KW
Threshing system Tangential threshing Tangential threshing
Threshing drum 1340 mm × 600 mm 1600 mm × 600 mm

Threshing bearing 6310 SKF 6310 SKF
No. of drums 6 6

No. of rasp bar 12 12

The measurement was taken at 45◦ with the horizontal radial axis of the threshing
shaft. The measurement was taken in the bracket and the housing on the new Beta version,
but only in housing for the Activa version of Massey Ferguson as the bracket mounting was
not viable for the Activa version due to the compact housing design. The variable working
measuring speed was the same for both combine harvesters. The measuring speeds were
900, 1100, 1800, and 2500 engine RPMs, corresponding to 220, 290, 410, and 470 threshing
drum RPMs, respectively. These engine speeds, which are the real operating speeds used
during the harvesting period on the farm from low- to high-speed range, were obtained
from the operators themselves, whilst the corresponding speeds at a threshing unit were
obtained from the inbuilt sensor mounted in the Massey Ferguson combine harvesters. The
major parameters of the threshing unit are shown in Table 2. The measuring position of the
accelerometer on the bearing housing is shown in Figure 2.

Figure 2. Sensor mounting position: L1 when the accelerometer is placed directly on a bearing
seat; and L2 when the accelerometer is placed on a manufactured bracket: (a) The angle of the
accelerometer mounted, and (b) The position of the accelerometer mounted.
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Table 2. 6310 SKF bearing details.

Bore diameter 50 mm
Outer diameter 110 mm

Width 27 mm
Static load rating 65 kN

Dynamic load rating 38 kN

For the vibration measurement and data analysis, the Adash A4900 Vibrio M vibration
accelerometer with a magnetic base and the Adash A4900 Vibrio M vibration analyzer
were both used. This instrument complies with the ISO 10816-3 standard [23] and the
requirements for mechanical vibration testing listed in ISO 10816-3, 2009 ISO10816-3:2009.

The Adash A4900Vibrio M, an accelerometer of type AC 150 with a magnetic base and
a vibration spectrum analyzer with a sensitivity of 100 mV/g and an accuracy range of 2.5%,
was used in the vibration instrumentation [24]. The DDS software was used by the Adash
vibration analyzer to show the machine’s overall vibration severity, bearing condition,
speed, looseness, imbalance, misalignment, and other unidentified source severity.

For the bracket and housing bearing, modal analysis was carried out using the ANSYS
software to locate and eliminate the typical natural frequencies that could lead to resonance.
This is required to undertake the adequate design, material selection, and simulation of that
material to prevent the resonance problem before taking the true vibration measurement
of the bearing from the made–added materials. Before measuring the vibration from the
added bracket, the choice of material was examined and recommended from the standpoint
of material qualities.

The rotating cylinder drum and the concaves make up the majority of the threshing
apparatus, which separates the grain from the stalks. The rasp bar cylinders have slotted
plates that are attached to the cylinder rings so that one plate’s slot direction is the opposite
of another plate’s slot direction. The drum with the rasp bar on its surface will impact the
plant entering in the tangential direction to remove the seeds from the stalks and husks.
The bearing, housing, bolt, and bracket system components were subjected to a modal
analysis in Ansys. To avoid resonance in the system, the findings were compared to the
fundamental and natural frequencies of the individual components.

To validate the measuring positions, using the vibration method and FASIT tool
technology, all the processes were again verified on the threshing stand test bench. The tan-
gential threshing drum bearings test bench was constructed and investigated for vibration
analysis, as shown in Figure 3. The threshing unit was procured from a NIVA SK-5 combine
harvester and modified. The main units of the tangential threshing units consist of the
bearing, bushing, top cover, shaft, disks, rasp bar, and bottom cover, as shown in Figure 4.

The threshing drum bearings consist of KBC 6313 BS: 65 × 140 × 33 (KBC Industrial
Co., Ltd., Zhejiang, China) with 3620 MH (motor hours). The vibration measurement was
conducted three times for each location. The detailed dimensions of the stand and bearing
are shown in Table 3.

Figure 3. Tangential threshing unit bearing test bench.
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Figure 4. Computer-aided design of the main units of the tangential threshing units of the test bench.

Table 3. Tangential threshing unit test bench parameters.

Segment Description Dimension

Platform
Length 3700 mm
Width 2060 mm
Height 1540 mm

Threshing unit

Length 1940 mm
Drum diameter 597.88 mm

No. of rasp bar 8

Fillet parameter of rasp bar (symmetric) 3 mm

Rasp bar length 1176 mm

Width 45 mm

Distance between rasp bar 178 mm

Length 65 mm

Bearing (KBC 6313 BS)
Bore diameter 65 mm

Outer diameter 140 mm
Raceway width 33 mm

The threshing drum bearing vibration measurement was taken from a sensor mounted
directly on the bearing housing. The variables measuring the threshing speed were the
same for both the driving and non-driving sides of the threshing. The measuring speeds
were 210, 350, and 420 threshing drum RPMs, respectively.

The threshing cylinder rotation frequency was changed by a voltage frequency con-
verter DeltaVFD-C2000 SERIES and a cylinder gear variator. The test bench was driven by
a 30 kW electric motor. The measurement was taken at 45◦ with the horizontal radial axis
of the threshing. The vibration measuring device Adash A4900 Vibrio M device with an
AC150 piezoelectric sensor was used, as shown in Figure 5.

Figure 5. a. Adash A4900 Vibrio M device; and b. AC150 piezoelectric sensor.
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3. Results
3.1. Modal Analysis

The 3D CAD modal of components (bearing, bracket, housing, bolt, hub, threshing
shaft, and threshing disk), as shown in Figure 6, are designed in the solid works software
and exported to the Ansys software for modal analysis.

Figure 6. CAD modal of components: 1. Bearing, 2. Bolt, 3. Bracket, 4. Housing, 5. Threshing disk,
6. Threshing shaft, 7. Hub.

The modal analysis was performed for each component individually to obtain the
eigenvalues and eigenvectors of the components for the first six different modes. The
bracket is set as fixed onto the contact region with the bolt for modal analysis. Furthermore,
the bearing, housing, bolt, and bracket used in the system were subjected to modal analysis.
The dimension of each component is presented in Appendix A (Appendices A.1–A.9).
The material was set as S235 steel for the bracket, gray cast iron for the housing, and
stainless steel for other components. The material properties of the stainless steel and
gray cast iron were obtained from Ansys material library, whereas the material properties
of S235 are shown in Table 4. Since the eigenvalue of the bracket does not coincide with
the components (Table 5) and the fundamental frequencies of the bearing, the bracket is
processed for manufacturing.

Table 4. Material properties of S235.

Material Properties S235

Density ρ 7850 kg/m3

Unit weight γ 78.5 KN/m3

Young’s modulus 210,000 MPa
Shear modulus G 81,000 Mpa
Yield strength fy 235 Mpa

Ultimate strength fu 360 Mpa
Poisson’s ratio in elastic range ν 0.3

Coefficient of linear thermal expansion α 12 × 10−6 ◦K−1

Table 5. Eigenvalues of the bracket and components.

Mode 1
(Hz)

Mode 2
(Hz)

Mode 3
(Hz)

Mode 4
(Hz)

Mode 5
(Hz)

Mode 6
(Hz)

Bracket 1918.5 3598.2 6566.8 8610.8 16,586 21,780
Housing 5027.4 5078.4 5086 5153.3 5203.4 5748.7

Bolt 43,893 44,422 47,372 85,087 94,161 94,580
Threshing shaft 130.02 131.64 355.46 359.73 689.14 687.11

Disk 779.03 948.93 953.32 1253.7 1379.8 1586.9
Hub 165.13 166.81 253.97 256.03 281.54 471.13

Threshing drum assembly 70.415 76.563 77.855 158.19 185.61 187.27
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The rotational constraint of 470 RPM was imposed based on the established threshing
cylinder finite element model, and the natural frequencies of the sixth-order constraint
mode and the related modal shapes are presented in Figure 7. The first-order modal shape
has the maximum deformation, measuring 0.123 m, occurring at the outer covers. The
second-order modal shape was general bending; the maximum deformation, measuring
0.14 m, occurred at the intersection of the outer cover, inner cover, drum, and shaft. The
third-order modal shape was general bending; the maximum deformation, measuring
0.14 m, occurred at the intersection of the outer cover, inner cover, drum, and shaft. The
fourth-order modal shape has the maximum deformation, measuring 0.119 m, occurring at
the outer covers. The fifth-order modal shape was general bending; the largest maximum
deformation, measuring 0.168 m, occurred at the shaft. The sixth-order modal shape
was general bending; the largest maximum deformation, measuring 0.168 m, occurred at
the shaft.

Figure 7. Modal analysis of the threshing cylinder. (a) First-order modal shape (70.41 Hz); (b) Second-
order modal shape (76.56 Hz); (c) Third-order modal shape (77.85 Hz); (d) Fourth-order modal shape
(158.9 Hz); (e) Fifth-order modal shape (185.61 Hz); and (f) Sixth-order modal shape (187.27 Hz).
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3.2. Vibration Analysis

To determine the bearing vibration differences with and without a bracket, the easily
accessible bearing housing of the combine harvester was selected. The measurements
were performed by comparing the data. The main objective of these measurements was
to develop a database to determine the differences between a measurement with the
manufactured bracket and without the bracket. These results are presented in Figure 8.
Also, the comparison of the measurement of Beta and Activa variants using a bracket is
shown in Figure 9 where demodulated RMS value is slightly higher for the Beta version
due to higher loads and dimensions compared to the Activa version.

Figure 8. Comparison of the demodulated RMS value when the sensor is mounted on a bracket with
respect to the housing of the Beta version in different threshing rotating speeds.

Figure 9. Comparison of the demodulated RMS value when the sensor is mounted on a bracket of
the Beta and Activa versions at different threshing rotating speeds.

As the demodulated RMS is responsible for the evaluation of the bearing conditions,
the difference between when the accelerometer is mounted in housing compared to on the
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bracket is analyzed, which is up to 16.13% increased for the data measured on the bracket
compared to those on the housing, as shown in Figure 8. The metal bracket can therefore
be utilized to help with the vibration measurements of the threshing drum bearings if it is
properly fitted in specific spots. The demodulated RMS value increases with respect to the
speed for both conditions, which satisfies the proper vibration measurement.

The demodulated RMS (g) values are compared between the two versions of the
Massey Ferguson (Figure 10) as the constructions are with some changes in shaft and drum
dimensions, as shown in Tables 1 and 2. The recorded value increases with the speed and is
higher for the new Massey Ferguson 7374 s (1300 EH), which satisfies the condition as the
dimensions of the threshing units such as the drum and shaft are larger compared to the
Activa version. The comparison of the vibration measurement is collectively analyzed in the
Activa and Beta versions with and without bracket with the vibration analysis parameters,
as shown in Figure 5. The difference in the vibration measurement was compared in the
Beta (New) version and Activa version with the vibration parameters such as the spectrum
(0-P, g), spectrum (RMS, g), demodulated RMS (g), and velocity RMS (g). The recorded
vibration data show a higher magnitude with the bracket measurement compared to the
housing measurement in the Beta version. As the threshing unit of both combine harvesters
was similar in construction with a similar bearing, the recorded data were compared with
both harvesters when measured on a bracket. The maximum amplitude was obtained for
the new Beta version as the dimension is higher which results in a larger radial load and
high vibration magnitude.

Figure 10. Comparison of the vibration parameters values when the sensor is mounted on bracket
and the housing of Beta and Activa versions at different threshing rotating speeds: (a) Threshing
drum rotating at 220 RPM; (b) Threshing drum rotating at 290 RPM; (c) Threshing drum rotating at
410 RPM; and (d) Threshing drum rotating at 470 RPM.
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To study the bearing used in both combine harvesters, the demodulated FFT was
considered for both variants of combine harvester when the measurement was taken with
the bracket and housing for the Beta version and just with the bracket for the Activa version.
The fundamental frequency was obtained from the DDS Adash bearing library and verified
from the SKF catalog for bearing 6310 (SKF, Gothenburg, Sweden), as shown in Table 3.
Multiplying the rotational speed of the threshing drum with the fundamental frequencies
of the bearing gives fault frequencies for different operating speeds.

Peak amplitude is under the noise threshold for envelope analysis. The demodulated
FFT spectrum with an amplitude RMS(g) and a threshing speed of 470 RPM for bearing
failure frequencies FTF (2.98 Hz, 0.024 g), BPFO (23.9 Hz, 0.007 g), BSF (31 Hz, 0.006 g), and
BPFI (38.8 Hz, 0.003 Hz) were measured (Figure 11). The higher RMS values should be as
near to zero as possible when being assessed.

Figure 11. The fast Fourier transform (FFT) (500 Hz–16 kHz) demodulation of the 6310 SKF of
the non-driving end of the threshing drum of Massey Ferguson 7374 s (1300 EH) Activa, a sensor
mounted on a bracket.

Similarly, the demodulated FFT spectrum RMS analysis was performed for the Beta
version when the sensor was mounted on the housing and on the bracket, respectively. The
demodulated FFT spectrum with an amplitude RMS (g) with a threshing speed of 470 RPM
for bearing failure frequencies FTF (2.98 Hz, 0.004 g), BPFO (23.9 Hz, 0.003 g), BSF (31 Hz,
0.003 g), and BPFI (38.8 Hz, 0.004 Hz) were measured when the data were recorded from the
accelerometer mounting on the housing (Figure 12). The demodulated FFT spectrum with
an amplitude RMS (g) with a threshing speed of 470 RPM for bearing failure frequencies
FTF (2.98 Hz, 0.037 g), BPFO (23.9 Hz, 0.005 g), BSF (31 Hz, 0.008 g), and BPFI (38.8 Hz,
0.008 Hz) were measured when the data were recorded from the accelerometer mounting
on the bracket (Figure 13).

To observe the higher amplitude peaks in the spectrum and to identify any sidebands
and harmonics resembling the bearing and other parts, the overall spectrum (g) is consid-
ered for both combine harvesters, as shown in Figures 14 and 15. No higher amplitude
peaks, harmonics, and side bands are present in the analyses. The bearing is considered
safe to operate. The magnitudes of the measured RMS value indicate no bearing faults
in the Massey Ferguson 7370 Beta (New). The bearing condition is in good condition to
operate. The RMS bearing static amplitude is 0.353 g, which indicates a lower number
than the alarm limit specified on ISO 10800: Noise and Vibration standard alarm set on the
DDS software.
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Figure 12. The fast Fourier transform (FFT) (500 Hz–16 kHz) demodulation of the 6310 SKF of the non-
driving end of the threshing drum of Massey Ferguson 7370 Beta (New), a sensor mounted on housing.

Figure 13. The fast Fourier transform (FFT) (500 Hz–16 kHz) demodulation of the 6310 SKF of the non-
driving end of the threshing drum of Massey Ferguson 7370 Beta (New), a sensor mounted on a bracket.

Figure 14. Top 8 peaks from the overall spectrum (10 Hz–16 kHz) of Massey Ferguson Activa.
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Figure 15. Top 8 peaks from overall spectrum (10 Hz–16 kHz) of Massey Ferguson Beta.

The FASIT tool provided by the Adash DDS helps identify the other mechanical
condition of the threshing unit. The results show 0.5% looseness, 1% unbalance, 1%
misalignment, and 5% other mechanical faults, as shown in Figure 16.

Figure 16. The Adash FASIT tool display for correctable mechanical conditions (looseness, misalignment,
bearing, unbalance, and speed).

The validation of the method was again performed on the tangential threshing test
bench. To study the bearing used in the stand demodulated FFT is considered when the
measurement is from an accelerometer-mounted housing at 45◦ from the horizontal radial
axis. When the sensor was directly mounted on the housing, 30% unbalance, 0% misalign-
ment, and 40% looseness were observed from the FASIT tool display. The unbalance and
looseness issues were fixed for the tangential threshing stand and the vibration analysis
was performed. The fundamental frequency was obtained from the DDS Adash bearing
library, as shown in Table 6.
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Table 6. Fundamental frequencies of the 6310 SKF bearing.

Fundamental train frequency (FTF) 0.381 Hz
Ball spin frequency (BSF) 1.98 Hz

Ball passing frequency of outer race (BPFO) 3.05 Hz
Ball passing frequency of inner race (BPFI) 4.95 HZ

The demodulated FFT spectrum, with an amplitude RMS (g) with a threshing speed
of 420 RPM (maximum operating speed), and when the sensor was directly mounted
onto the housing for the bearing fundamental train frequency (FTF) (2.69 Hz, 0.005 g), ball
passing frequency of outer race (BPFO) (21.5 Hz, 0.009 g), ball spin frequency (BSF) (28.5 Hz,
0.004 g), and ball passing frequency of inner race (BPFI) (34.5 Hz, 0.01 Hz), was measured
and is shown in Figure 17. The RMS higher values should be as near to zero as possible
when being assessed. Since the BPFI amplitude is close to the second digit after decibel and
higher compared to the other amplitudes, it is further diagnosed with the digital camera
with 12-megapixel-wide and ultrawide lenses (Figure 18). It is observed that the bearing
has initiated the abrasive marking with contamination. The main causes include filthy
hands, contaminated workspaces, dirty instruments, and foreign objects in lubricants.

Figure 17. The fast Fourier transform (FFT) (500 Hz–16 kHz) demodulation 6313 KBC of the non-driving
end of the tangential threshing drum rotating at 420 rpm with the sensor mounted on the housing.

Figure 18. Image of bearing surface inner ring.
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Therefore, the fast Fourier transform (FFT) (500 Hz–16 kHz) demodulated RMS vibra-
tion analysis technique successfully determined the bearing initial fault condition and is
suitable for the easy and effective analysis of the tangential threshing bearing condition.
The FASIT tool successfully determined the other machine condition.

3.3. Random Vibration Analysis

The reaction of structures exposed to random vibration loads must be examined
by random vibration analysis. Compared to the scenario of a deterministic time history
loading, random vibration loads were not always quantifiable with the confidence of the
size and duration. The outcomes are also statistical in nature because the input loads are
described using statistical values.

The design was assembled in Solid works software and imported to the Ansys software.
The shaft extruded and was cut to 50 mm (millimeters) to reduce the computational time.
The inner race-shaft and roller-bearing races have a friction coefficient of 0.21, the bearing
races-housing and bracket and housing have a friction coefficient of 0.4, whilst the bolts-
bracket has a friction coefficient of 0.23.

The FFT (500–16,000 Hz) data range between 400 Hz and 800 lines. The fundamental
frequencies of the bearing corresponding to the FFT frequency of measurement (Figure 16)
were converted into power spectral density (PSD), as shown in Table 7. The frequency
domain analysis with PSD estimation based on FFT [25] is given by:

PSD = Amplitude2/(∆ f × W f ) (1)

where W f is the correction value (3.671441636) and ∆ f is the frequency resolution ob-
tained by:

∆ f =
Frequency range

No. of Lines
(2)

Table 7. Conversion from FFT to PSD.

Fundamental Bearing Frequencies at 420 rpm of 6313 KBC
FFT Amplitude
Demodulated

RMS (g)

PSD Amplitude
(g2/Hz)

Fundamental train frequency (FTF) (2.69 Hz.) 0.005 3.405 × 10−5

Ball spin frequency (BSF) (21.5 Hz.) 0.009 1.1031 × 10−4

Ball passing frequency of outer race (BPFO) (25.5 Hz.) 0.004 2.179 × 10−5

Ball passing frequency of inner race (BPFI) (34.5 Hz.) 0.01 1.3619 × 10−4

The corresponding PSD frequency and amplitude are applied to all the connections and
PSD deformation and response PSD due to the adjacent PSD input being observed on the
bracket in the vertical radial direction. The first sigma scale factor showed 3.211 ×10−8 mm.
minimum deformation and 1.23 ×10−3 mm. maximum deformation and the third sigma
scale factor showed 9.6329 ×10−8 mm. minimum deformation and 3.7184 ×10−3 mm.
maximum deformation on the x axis (vertical radial direction). Again, the random vibration
was applied to the system, as shown in Table 8. These values are random in nature and
obtain the PSD response in frequency range from 10 to 2000 Hz. The first sigma scale factor
showed 1.73 ×10−9 mm. minimum deformation and 2.288 ×10−7 mm. maximum defor-
mation and the third sigma scale factor showed 5.16 ×10−9 mm. minimum deformation
and 6.57 ×10−3 mm. maximum deformation on the x axis (vertical radial direction).

The first sigma represents 68.26% deformation, and the third sigma represents 99.73%
deformation. Since the deformations on the brackets are negligibly very small, the defor-
mation on the other parts can be calculated and analyzed using a bracket. Furthermore, the
PSD response is taken on the vertex of the bracket, as shown in Figure 19 in the x direction.
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Table 8. Random Input PSD (10–2000 Hz.).

Frequency (Hz) G Acceleration (G2/Hz)

10 0.1
25.5 0.5
100 0.5
1000 0.5
2000 0.2

Figure 19. PSD response vertex.

The PSD response (RPSD) provides the spectral response of a structure subjected to
random excitation and the RPSD plot gives the information as to where the average power
is distributed as a function of frequency. This gives the RMS value of the selected frequency
range over the entire available frequency range as well as information about the peak g
acceleration responses that occur at the resonant frequency on the assembly (Figure 20).

Figure 20. PSD response graph displaying peak g acceleration responses.
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Therefore, the bracket deformation is comparatively negligible for the PSD correspond-
ing to the test result and random vibration PSD inputs. Thus, the bracket can provide the
deformation information of other associated components during vibration analysis when
the sensor is mounted onto its surface in the radial direction.

4. Discussion

The most suitable vibration signals were selected to assess the threshing drum technical
characteristics of a combine and to spot flaws when the combine is in function under
nonloading conditions. The best method for determining the bearing quality condition is
demodulated FFT spectrum analysis, which offers the necessary vibration information. The
FASIT tool technology provided by Adash DDS is effective and can easily identify machine
conditions such as misalignment, looseness, unbalance, and other mechanical conditions to
account for before every harvesting season.

The measurement was taken by introducing the simple bracket into the bearing hous-
ing to locations where sensor mounting is difficult, as the vibration analysis is conducted
for the Massey Ferguson Beta and Activa variants. The comparison was performed to
identify the difference in measurement taken when the sensor was mounted on the bracket
and housing. The modal analysis was performed on Ansys to identify the eigenvalues
and eigenvectors to prevent the resonance phenomenon. The static demodulated RMS
recording was found to be 16.23% more on the bracket compared to the housing which
satisfies the evaluation of the bearing condition. The magnitudes of the measured RMS
value indicated no bearing faults in the Massey Ferguson 7370 Beta (New) and Ferguson
7374 s (1300 EH) Activa. The RMS bearing static amplitude was 0.353 g and 0.364 g for
the Beta and Activa variants, respectively, which indicates a lower number than the alarm
limit specified on ISO 10800: Noise and Vibration standard alarm set on the DDS software.
The FASIT tool provided by the Adash DDS helps identify the other mechanical conditions
of the threshing unit. The results show 0.5% looseness, 1% unbalance, 1% misalignment,
and 5% other mechanical faults. This indicates no severe mechanical machine condition
problems and that it is safe to operate for the harvesting season. This method is again
validated from the tangential threshing stand and successfully determines the bearing fault
condition. Additionally, a PSD response plot (RPSD) is obtained to study the peak g accel-
eration responses that occur at the resonant frequency on the assembly. Therefore, the fast
Fourier transform (FFT) (500 Hz-16 kHz) determined the bearing condition, and the FASIT
technology can determine other mechanical conditions such as looseness, misalignment,
and the unbalance of the tangential threshing unit.
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Appendix A

Appendix A.1

Figure A1. Manufactured Bracket (Dimensions in mm).

Appendix A.2

Figure A2. Bearing housing (Dimensions in mm).

Appendix A.3

Figure A3. Bolt M12 (Dimensions in mm).
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Appendix A.4

Figure A4. Hub (Dimensions in mm).

Appendix A.5

Figure A5. Threshing shaft (Dimensions in mm).

Appendix A.6

Figure A6. Threshing disk (Dimensions in mm).

Appendix A.7

Figure A7. Top cover (Dimensions in mm).
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Appendix A.8

Figure A8. Bottom cover (Dimensions in mm).

Appendix A.9

Figure A9. Rasp bar (Dimensions in mm).
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