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Abstract:

The research in this paper aimed to show the importance of axial alignment
on the example of maintaining a technical system. In this paper, the
importance of alignment is examined on industrial fans. The technical
system on which the alignment was performed reached the anticipated
bearing life of 23,650 operating hours prescribed by the manufacturer,
while the technical system on which the alignment was not performed was
exposed to excessive load by a misalignment shaft. As a result, it did not
meet the expected technical expectations, and it canceled at 5,400 hours
of work. Research has shown that the application of alighment can increase
the service life of bearings by 4.38 times on axles on which no alignment
has been performed.

Implementation of modern maintenance concepts, using appropriate
methods of technical diagnostics aim to optimize the operation of industrial
systems for a short period of time and with as few downtimes as possible.
The authors of the paper presented the method of laser alignment in order
to bring the industrial fan system into optimal operation. In addition to laser
alignment, the condition of the system was checked by vibro diagnostics,
before and after access by laser method. The paper presents all
measurements performed with vibration analysis devices as well as a visual
display of the state of the system during the laser alignment check of an
industrial fan. Misalignment leads to incorrect operation, which in the case
of electric motors and fans is most often reflected in damage in the form of
distortion of the shaft or damage to the bearings.
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1. INTRODUCTION

All aspects of industrial systems, both in the field
of production, construction, and maintenance, tend
towards a certain level of automation. The concept
of automation is characterized as one of the
processes that facilitate activities in all aspects of
the industry, from the initial phase of product
creation and its components to the final stages of
exploitation and maintenance. With the expansion

of digitalization and the advent of the Industry 4.0
concept, the aim is to optimize industrial
production and a thorough approach to collecting
important data [1].

The modern concept that deals with a detailed
analysis of all aspects of maintenance is called the
CBM concept, i.e.,, conditional maintenance
(Conditional Based Maintenance). In order to
implement this concept in a thorough, high-quality
way, it is necessary to have appropriate equipment
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within the maintenance (vibroanalyzer, XT laser
device), i.e., the so-called "condition monitoring"
(Conditional Monitoring).

The forecast is the ability to predict the future
condition of the machine based on the current
condition of the machine shown by its diagnostics
and based on data on the history of machine
failures [2]. In order for proactive maintenance, to
which this concept belongs, to be carried out, the
forecast of the future state of the system must
integrate the maximum of the available information
in order to bring the conclusion about the state of a
system as realistic as possible [3].

Predictive maintenance has been identified as a
leading segment of the popular analytics industry.
The ratio of the potential of the predictive way of
maintenance and its actual application is at a very
low level, great potentials and a small degree of
utilization of this type of technology are one of the
brakes on the development of industrial analytics.
The records that are monitored represent a
complex amount of data. However, research shows
that sometimes this data is of no use to
organizations that have implemented this type of
maintenance. If such occurrences are frequent, i.e.,
in order to improve risk assessment, it is necessary
to introduce new methods for risk assessment [4,5].
Diagnosis and maintenance as a whole represent a
complex functional system [6]. The method of
vibration measurement is probably the best-known
method within the scope of this concept, as the
most widespread concept in this segment [7].

Non-compliance is one of the most common
phenomena, i.e., detected errors in rotating
machines. It causes irregular vibrations and
shortens the parts' lives mounted on the shaft, such
as bearings and gears [8]. Failure detection and
identification of the type of failure are very
important to ensure the safety of the machine and
the quality of production [9,10].

Misalignment of the coupling in the rotor system
can bring in non-linear forces and moments, which
may cause premature failures to the rotary
machines [11]. The coupling of shaft misalignment
and crack in rotor systems will produce more
complex non-linear dynamic characteristics in the
vibration response and increase the difficulty of the
fault identification greatly [12].

Many research papers have dealt with the issue
of the reliability of technical systems of roller
bearings. Thus, research on the analysis of ball
bearing reliability on the compressor piston
crankshaft showed an identical possibility of
monitoring the system reliability by monitoring the

axial clearances and bearing temperature [13]. The
significance and problems of non-alignment of
agricultural cardan shafts and its impact with
reduced reliability of needle bearings on cardan
joints are presented in research [14-16]. The
development of a methodology for optimizing
software alighment of drive shafts is presented in
the research [17].

On rotary machines, non-alignment shafts
increase vibration and friction, which causes
increased energy consumption and premature
damage to bearings and seals [18]. In order to
eliminate the above, laser alignment techniques are
now used in measuring alignment, the main
advantages of which are non-contact measurement,
fast response, and high measurement accuracy [19].

2. MATERIAL AND METHOD OF WORK

The conducted research aimed to point out the
importance, i.e., the reliability of the technical
systems on which the alignment of the shaft was
done. For the purposes of the research, a
comparative analysis of the service life of bearings
on the technical fan system was performed:

» on which the alignment of the shaft is
performed and

> on which the shaft alignment has not been
performed.

For the purposes of the research, vibration
measurements were performed on an industrial fan
(Figure 1) using laser adjustment. The tested
technical system is located in the production plant
of the factory Farmina Pet Foods DOO. For the
needs of the research, measuring equipment was
used:

> Vibrobalans 5 analyzer and

> EasyLaser XT440 laser device.

3. RESEARCH RESULTS

When diagnosing the condition of the technical
system, it is necessary to consider the history of
system maintenance and all the necessary data
about the system. The paper presents research
results an FFT analysis of the spectrum of vibrations
measured on an industrial fan before and after
approaching the precise laser alignment of the axes
of the shafts of the drive element, the electric
motor, and driven by the fan coupling.

Figure 1 shows an industrial fan that has
undergone diagnostics.
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Fig. 1. Industrial fan 25 Hz

The device for measuring and analyzing
vibrations obtained data on the stage of the system
and whether it is necessary to make corrections on
it to bring the system to optimal operating
condition.

Figure 2 shows the spectral analysis of the

measured vibrations before any correction
procedure.
L= e
MI-H
L

Fig. 2. FFT analysis of industrial fan condition 25Hz

From the Figure 2, it is possible to determine the
pronounced 1x and 2x, which are located next to it
in radial directions, indicating an angular and
parallel mismatch in the system. Critical peaks in the
spectrum are indicated.

Table 1 shows the values of measured vibrations
in three axes (x, y, z).

Table 1. Vibrations values in three axes

VIBRATION:
Veff.[mm/s] — BNL [dB]
Point Vertical Horizontal Axial rpm

M1 3,18 | 22 | 3,44 | 23 2,48 14 | 1528

M2 2,94 | 30 | 2,00 | 20 1,69 23 | 1529

SH1 1,44 | 23 | 1,37 26 1,88 23 1529

SH2 2,78 | 23 | 2,74 | 25 1,73 21 | 1529

3.1 Fan shaft alighment procedure

After the initial measurements of the condition
of the technical system of the industrial fan, it was
established according to the analysis of the FFT
diagram that the fan's axis in relation to the electric
motor is outside the tolerant axis. Based on the
obtained diagnostic results, the axis correction is
approached based on the measured values and the
obtained real state of the axis deviation in relation
to the other axis with the EasylLaser XT440 laser
device.

Figure 3 shows the measured results before and
after the alignment process along the horizontal
and vertical axes.

VERTICAL
Offset (mm) Angle (mm/100 mm)
0'03 0-02 Feet Values
%k %k 20027 MF1 0.14
MF2 0.26

30

|

Fig. 3. Measured values of alignment in the vertical
direction electric motor-fan

HORIZONTAL
Offset (mm) Angle (mm/100 mm)
002 ! -002 Feet Values
* w MF1 -0.06
MF2 -0.16

Fig. 4. Measured values of alignment in the
horizontal direction electric motor-fan

From the Figures 4 it can be diagnosed that the
axes diverged in both directions (horizontal and
vertical). In the vertical direction, the current state
was 0.11 mm in parallel and -0.01 mm in the angle
of misalignment. In the horizontal direction, 0.16
mm in parallel and -0.02 mm in angle.

After corrections, the axes were brought to
tolerance, so the values obtained are now along the
horizontal axis 0.02 mm in parallel and -0.02 per
angle, while in the vertical axis, along with the
parallel 0.03 mm, and at an angle 0, 02 mm.

The results obtained from the software report
are shown in Figure 5.
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Fig. 5. Data on measured and corrective values of
mismatch are presented

After the system's alignment, the re-
measurement of vibrations is approached as a
relevant indicator of whether the vibrations have
decreased due to corrective measures on the said
system. Figure 6 shows the spectral analysis of
vibrations after the implementation of laser
alignment of the shaft of an industrial fan and a
drive electric motor via a coupling.
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‘sHa. W Priehaw

Fig. 6. FFT analysis after laser shaft alignment
procedure

From Figure 6, according to the spectrum,
vibrations can be determined to a lesser extent than
the original state. Since the second peak on the
diagram is lost after laser alignment, it is clear that
it has been removed. For preventive measures, 1x
on the diagram gives a signal that the impeller is
slightly unbalanced and that the following
corrective measure balances the impeller of the
industrial fan. The measured vibrations were within
the allowed limits and did not exceed 4.5 mm/s,
which means that the system is in optimal operating
condition.

Table 2 shows the measured values of vibrations
in the x, y, and z axes.

Table 2. Vibration after the process of coupling
alignment

VIBRATION:
Veff.[mm/s] — BNL [dB]
Point Vertical | Horizontal Axial rpom

M1 1,04 | 22| 163 | 23 | 1,83 | 15 1,529

M2 1,59 | 29 | 1,78 | 20 | 1,99 | 21 1,529

SH1 098 | 24 | 1,12 | 26 | 1,68 | 23 1,529

SH2 0,89 | 23 | 092 | 25 | 2,17 | 21 1,529

3.2 Results of research on the influence of shaft
non-alignment on the service life of a ball bearing
of an electric motor

As already mentioned in the introduction, when
non-alignment occurs, the accompanying elements
in the system are overloaded. A common case of
this phenomenon is the incorrect fit of the shaft
inside the bearing, which further causes increased
vibrations, increased friction, and heating, which
ultimately leads to a reduced service life of the
bearing and its final failure before the scheduled
time. The process of alignment is shown below in
order to prevent bearing failure. On an identical
system, a study of the durability of a cylindrical ball
SKF bearing was performed. Basic data on the
tested bearing are shown in Table 3.

Table 3. Basic data on the tested bearing

Technical data Dimensions
Inner diameter 90 mm
Outer diameter 160 mm
Width 30 mm
Dynamic load 208 kN
Limiting speed 5,000 min!

The duration of the ball bearing was measured
in relatively modest operating conditions since the
industrial fan system is located outside the closed
space, i.e., it is exposed to external influences.

Both fan systems have a slight observed
misalignment, with the process of alignment being
started on one fan, and on the other, the system
was left to function under some partially
satisfactory circumstances within the system itself.
This experimental research aims to observe in the
time difference the optimal operation of the
system, i.e., that the vibrations in the systems at the
measuring points of the bearings do not increase
above 4.5 mm/s, which is allowed for this operating
class of machines according to ISO standard.
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Based on previous research on bearing life [20]
and calculations, the measured values of actual
service life under both conditions and theoretical
service life were compared.

Bearing life in duty cycles can be expressed in:

Lo = (" 2)

The service life of the bearing in working hours
is calculated using the form:

(%)" 1000000

By implementing equations, 2 and 3, data on the
service life of the ball bearing under ideal conditions
were obtained, which in practice often turns out to
be incorrect or partially true, so appropriate
tolerable time deviations from the calculation must
be given.

According to equation 2, the service life of
bearings in operating cycles is 54,093 cycles, i.e., the
service life of the bearing in working hours
according to equation 3 is 58,964 h.

After calculating the theoretical service life
(TLB), the measurement and analysis of vibrations
at the measuring points of the front and rear
bearings of the electric motor were started. Table 4
shows the vibration values after the potential
bearing failure at the rear of the electric motor.

Table 4. Vibrations due to non-implementation of the
alignment process

VIBRATION:
Veff.[mm/s] — BNL [dB]
Point Vertical Horizontal Axial rpm

M1 2,47 | 22 | 2,14 | 23 | 2,76 | 32 1529

M2 2,01 | 29 | 1,99 | 20 | 5,11 | 24 1529

SH1 | 1,01 | 24 | 1,15 | 26 | 1,89 | 23 1529

SH2 | 097 | 23 | 0,94 | 25 | 2,26 | 21 1529

By analyzing the obtained values from Table 4,
on the observed system on which no alignment was
done, it can be concluded that after the appropriate
time, there was an increase in vibration, especially
in the position of the rear bearing of the electric
motor in the axial axis, which indicates that the
bearing has potential damage.

Figure 7 shows a detailed analysis of bearing
failure via spectral analysis.
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Fig. 7. Bearing failure spectral analysis

Figure 7 clearly shows the pronounced peaks in
the frequency spectrum indicating the failure of the
bearing cage itself and the partial potential failure
of the balls at an early stage.

3.3 Comparative analysis of two systems - on
which alignment was done and on which
alignment was not done

Since the failure of the bearings on the fan
system on which the alignment process was not
performed was established, a comparative analysis
of the longevity of the bearings on two identical
systems, on the system on which the laser
alignment process was accessed, and on the system
where it was not performed. This comparative
analysis should indicate the importance of applying
the axis alighment technique to the reliability of
technical systems.

Figure 8 shows a diagram of a comparative
analysis of the bearing life under optimal operating
conditions of the system on the system on which
the alignment process was performed. The
observed bearing functioned completely correctly
for a full period of two and a half years, i.e., a period
of about 23,650 hours of work (RBL). According to
the tolerance limit (TLL) set by the employers, the
bearing met the technical expectations.

Figure 9 shows the service life of a roller bearing
in the case when the alignment process is not
performed on an identical technical system of an
industrial fan.
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Fig. 8. Comparative analysis of bearing life during the
alignment process
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Fig. 9. Comparative analysis of bearing life in case of
shaft misalignment

From Figure 9, it can be seen that the bearing
failed before the tolerance limit of the service life
was set, more precisely, it failed after 5400
operating hours. These data indicate that the
bearing exposed to excessive load by a non-
alignment shaft did not meet the expected technical
expectations.

4. CONCLUSION

Predictive maintenance is one of the main
features of modern ways of maintaining technical
systems. In order to implement and carry out
predictive maintenance in a quality manner, it is
first of all necessary to analyze in detail the System
that maintenance deals with. After knowing all the
advantages and disadvantages of the technical
System that should be subjected to the predictive
type of maintenance, a detailed analysis is
approached, i.e., technical diagnostics.

Misalignment and increased vibrations due to
this phenomenon are among the most common

cases in industrial systems. This problem further
develops more serious problems within the system,
curved shaft, bearing failure, coupling defect, and
the like. The application of predictive maintenance
ultimately reduces costs, especially when the costs
are related to unplanned shutdowns of machines
and production, which leads to the highest
percentage of costs.

The conducted research has shown that the
precise laser alighnment technique leads to achieving
the projected bearing life. The technical system on
which the work was done fulfilled the technical
expectations of the bearing life prescribed by the
manufacturer, reaching a working life of 23,650
working hours. The technical system on which no
alignment was performed was exposed to excessive
load by the non-alignment shaft, and it did not meet
the anticipated technical expectations, and it failed
at 5,400 hours of work. Research has shown that
the application of alignment can increase the
service life of bearings by 4.38 times on a shaft on
which no alignment has been performed.
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