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Abstract : Vibration measurement and diagnosis technologies are widely applied for preventive maintenance that monitors
the condition of facilities and conduct repairs before the occurrence of failures by identifying signs of failure. In order to
train vibration measurement and diagnosis, the vibration simulators are commonly used to measure and analyze the vibration
to determine abnormalities of facilities. In this paper, analyze the correlation of installation conditions on measurement
performance of vibration simulator, various installation conditions and abnormal phenomena were measured through
experiments and the results were analyzed and the correct installation conditions are suggested.
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1. Introduction

Many of the industrial equipment are composed of rotating equipment such as motors and pumps. In many
case, rotating equipment are in charge of important processes of industrial facilities, effective maintenance is
required because huge damage can occur in case of failure due to defects or damage.

As for the maintenance method, break-down maintenance, which repairs it after a breakdown occurs, is used
in only few facilities that have little effect due to the breakdown or are quick to recover because the damage
caused by the facility shutdown is large and it takes a lot of time to restart. The most preferred maintenance
method in the field is Preventive Maintenance, which performs maintenance before actual failure occurs.
Preventive maintenance is classified into time based maintenance (TBM) and Condition based maintenance
(CBM). [1] TBM is a method of setting the life of parts of equipment and replacing parts according to the
replacement time. However, there are problems such as excessive maintenance, such as replacing parts that can
operate normally, and a decrease in operation rate due to frequent maintenance time of facilities for replacing
parts with different life spans. [2] CBM can compensate for the disadvantages of TBM because it performs
maintenance according to the condition of the facility. However, it is difficult to detect defects in the initial stage
because it is difficult to grasp the problems of the facility below the criteria for determining the condition.
Predictive maintenance to complement the shortcomings of CBM can reduce unnecessary maintenance costs by
monitoring the condition of the facility in real time, detecting abnormalities early, predicting failures, and taking
appropriate measures, and improving the safety and reliability of the facility. Because it can be increased, related
research is being conducted very actively. [3][4]

There are several ways to measure the condition of a facility. The measurement method using sound is
greatly affected by the ambient noise in the industrial site. However, the measurement method using vibration is
most commonly used because it is easy to measure the condition because it measures the vibration generated by
the facility itself. [5]

Research on equipment diagnosis using vibration is mainly focused on analysis of occurrence phenomena. In
particular, the difference between rigid coupling and pin-type flexible body coupling is analyzed as a connection
method between a motor and a shaft in order to analyze the characteristics of the vibration generated when the
vibration simulator is misaligned and the vibration characteristic that occurs during the misalignment. In
particular, the difference between rigid coupling and pin-type flexible body coupling is analyzed as a connection
method between a motor and a shaft in order to analyze the characteristics of the vibration generated when the
vibration simulator is misaligned and the vibration characteristic that occurs during the misalignment. [6]
Research related to coupling, such as analysis of vibration components generated when parallel misalignment in
a system connected by shaft and rigid coupling. [7] Studies have been conducted on a fault diagnosis expert
system including a mechanical diagnosis algorithm capable of analyzing unbalanced mass, shaft alignment
errors, oil wheel and bearing defects. [8] Recently, studies on fault diagnosis using machine learning algorithms
are also actively being conducted. [9][10]

The vibration simulator is optimally set by the manufacturer and installed at the training site. However, there
are many cases where the frequency characteristics do not appear depending on the installation conditions.

Therefore, in this paper, a vibration simulator installation guide was presented to enable the smooth
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instruction of educators in the educational field by analyzing the cause of the frequency characteristic not
appearing for the abnormal phenomenon of the vibration simulator in the educational field and reproducing it.

2. Analysis of vibration simulator characteristics
In this paper, FFT (Fast Fourier Transform) is used to determine the state of equipment, and FFT uses a
technique that extracts features from the measured data in the time domain in the frequency domain. The FFT
algorithm makes use of the following versions, which apply equally to real or complex time series [11]:
N-1

X(m) = At Z x(nAt) expJ2mmAfnAt

n=0

N-1
x(n) = Af Z x(mAf) exp/2mrmArnat
n=0

These equations give the spectrum values X(m) at the N discrete frequencies m Af and give the time series
x(n) at the N discrete time points n At

In order to, analyze the characteristics according to the installation conditions of the vibration simulator,
when it is installed on the floor, which is the most ideal installation condition of the vibration simulator and
when it is installed on a work bench that is generally seen in education sites, as shown in [Figure 1]. The
specifications and experimental conditions of the device used in this experiment are shown in [Table 1].

Vibration
sensor

Work bench

Vibration
sensor

Figure 1 Vibration Simulator Set-up case (Floor & Work bench)

Table 1 Specification of experimentation equipment

Test equipment specification

lotech 650U
- USB or Ethernet interface
- 5 analog inputs, £40V input range
Data Acquisition (x60V max without damage)
- 2.1 mA IEPE current source per channels
-1-4 (22V compliance)
-0.1 Hz high-pass filter
Hansford HS-100s
-Excitation Voltage: 18-30Volts DC
-Electrical Noise: 0.1mg max
-Current Range: 0.5mA to 8mA
-Bias Voltage: 10 - 12 Volts DC
-Settling Time: 2 seconds
-Output Impedance: 200 Ohms max.
-Case Isolation : >108 Ohms at 500 Volts
Hyosung, SX0304211
-Frame: 71M
-output power: 0.4 kW
-Frequency: 60Hz

Tri-axial Vibration sensor

Induction motor
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-Voltage: 220/380V

-Duty: const.

-Isolation class : F

MX-9000A

-input voltage: AC220V, 50~60Hz
-output frequency: 1.0 ~ 120Hz
-output type: @3, sine wave

Inverter

In this paper, the natural frequency of the work bench was measured through bump test, and the installation
conditions of the vibration simulator were divided into floor and work bench, and the effects of the installation
conditions on the normal state, mass unbalance state and axial misalignment state were analyzed. Analysis was
performed and the experimental conditions are shown in [Table 2].

Table 2 The experimentation case

. Simulator on
Case of experimentation Simulator on the Work Work bench
the Floor only
bench
Bump test X X o)
Normal state 0] 0] X
2.5[0] 0] 0] X
3.0 0 ) x
Mass unbalanced state [d]
4.0 [d] 0 ) X
5.0 [g] 0 ) x
0.62 [mm] 0] 0] X
. L 1.25 [mm] @) 0 X
Axial misaligned state
1.87 [mm] 0] 0] X
2.50 [mm] 0] 0] X

2.1. Normal state result analysis

As shown in [Figure. 2] (a), the vibration velocity value (RMS, mmps) of the vibration simulator installed on
the floor is measured around 0.10[mm/s] for both x, y and z axes, so there is no mass unbalance or axial
misalignment. It was determined as the normal state.

However, the vibration value measured by the vibration simulator installed on the work bench under the
same conditions as the floor is shown in [Figure. 2] (b), it was confirmed that the x-axis increased to 4 times
(0.41 [mm/s]) and the Z axis increased to about 6 times (0.63 [mm/s]). From this result, it was confirmed that
the conditions to be installed on the work bench affect the x and z axes.

X-axis, Y-axis and Z-axis by Freguency (Hz) X-axis, Y-axis and Z-axis by Freguency (Hz)
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(a) Floor, Normal condition (b) work bench, Normal condition

Figure 2 Results of Vibration measurement in unbalance state(@ Floor set-up)

2.2. Unbalanced state result analysis

The experiment of the mass unbalanced state of the vibration simulator was measured for four mass
unbalance conditions. Divided into 2.5[g], 3[g], 4[g], and 5[g], they were attached to the same position of the
vibration simulator rotating disk.

As shown in [Figure 3] (a)(b)(c)(d), vibration simulator installed on the floor, the frequency of 1x, the main
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component, is 17.5Hz, and when the mass increases at the same frequency, the speed value of the x-axis
increases by 94% and the y-axis increases by 57% and the z-axis fluctuates within +0.02.

From the measurement results, it was confirmed that 1x, which is the main component, is 17.5H in the mass
unbalanced condition, and the increase in the unbalanced mass has the greatest effect on the x-axis component.

X-axis, Y-axis and Z-axis by Frequency (Hz)
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(a) Unbalance mass [2.5¢]

X-axis, Y-axis and Z-axis by Frequency (Hz)
@ X-axis @Y-axis ®Z-axis
20

1x
L]
51 Floor, Unbalance mass : 4.0g
N
B 1.77 0.16 0.08
210 Max of X-axis Max of Y-axis  Max of Z-axis
d
)
%05
<
00 s
o 20 40 60 80 100

Frequency (Hz)

(c) unbalance mass [4.0g]
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(b) unbalance mass [3.0g]
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Figure 3 Results of Vibration measurement in unbalance condition (@ Floor set-up)

The analysis result of the vibration simulator installed on the work bench is shown in [Figure 4], it was
confirmed that the frequency of main component 1x was 17.5Hz and same as the Floor, and as the unbalanced
mass increased, the x-axis increased by 73%, the y-axis by 102%, and the z-axis by 81%. Through this, it was
confirmed that the work bench has an effect on the increase of the measured values of the x, y, and z axes.
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(a) Unbalance mass [2.50]
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(c) unbalance mass [4.0g]
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(b) unbalance mass [3.0g]
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(d) unbalance mass [5.0g]

Figure 4 Results of Vibration measurement in unbalance condition (@ Work bench set-up)

2.3. Axis misalignment state result analysis

In the state of axial misalignment, the distance between the rotation center of the motor shaft of the vibration
simulator and the rotation center of the rotation shaft was tested under four conditions: 0.62[mm], 1.25[mm],
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1.87[mm], 2.50[mm].

In the case of axial misalignment, unlike the case of mass unbalance, it is a fact that has been verified by
many researchers that the 2x component is the main component instead of the 1x component.

As shown in [Figure 5], it was confirmed that axial misalignment state of the vibration simulator installed on
the floor, the 2x component appears larger than the 1x component in all other cases ([Figure. 5](b)(c)(d)) except
the case where the axial misalignment distance is 0.62[mm].[Figure. 5](a)
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(c) Misalignment distance 1.87 [mm]
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Figure 5 Results of Vibration measurement in misalignment condition (@ Floor set-up)

As shown in [Figure 6], in case of the vibration simulator is installed on the work bench, the 1x component
is larger than the 2x component, except for the case where the axial misalignment distance is 2.50 [mm][Figure
6](d), confirming that the 1x component appears as the main component. [Figure 6] (a)(b)(c)

It was confirmed that in order to install the vibration simulator on the work bench and realize the axial
misalignment state which the 2x component is measured as the main component, the axial misalignment

distance of 2.50 [mm] or more must be set. [Figure 6] (d)
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Figure 6 Results of Vibration measurement in misalignment condition (@ Work bench set-up)
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2.4. Natural frequency of Work bench

A bump test was conducted to check the natural frequency of the work bench where the vibration simulator
was installed. The bump test is a method to check the natural frequency by measuring the vibration generated by
giving an unknown shock to the system. It is a method commonly used in industrial sites to check the natural
frequency of a facility.

As shown in [Figure 7], it was confirmed that the natural frequency of the work bench is identical at 17.5Hz,
which is the rotational frequency of the vibration simulator, through the results of the bump test with the
vibration simulator installed on the work bench.
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Figure 7 Bump Test Result of work bench (@ simulator set-up)

In case of natural frequency of the work bench where the vibration simulator is installed matches the rotation
frequency of the motor, as shown in [Table 3], It was confirmed that a larger velocity value appeared than the
addition of the x component 0.41 shown in the bump test.

Table 3 The result of Mass Unbalance condition

Floor Work bench
Unbalance mass Differences
max of x-axis max of x-axis
2.5[qg] 1.01 1.57 A 0.56
3.0 [g] 1.15 1.84 A 0.69
4.0 [g] 1.77 2.33 A 0.56
5.0 [g] 1.96 2.73 A 0.77

As shown in [Table 4], in the case of axial misalignment, the difference between the 2x and 1x values in the
floor installation condition is in a proportional relationship as the axial misalignment distance increases.
However, under the conditions of work bench installation, when the difference between 2x and 1x was
0.62[mm], 1.25[mm], and 1.87[mm], 1x was larger than 2x. And it was confirmed that when the axial
misalignment distance was 2.50[mm] or more, 2x was larger than 1x. The fact that 2x is larger than 1x is a
characteristic to be observed in the axial misalignment state.

Table 4 Test result of Misalignment condition

Floor, x-axis Work bench, x-axis
Misalignment distance
1x 2X 2X-1X 1x 2X 2X-1x
0.62 [mm] 0.137 0.061 -0.076 0.300 0.062 -0.238
1.25 [mm] 0.123 0.295 0.172 0.283 0.081 -0.202
1.87 [mm] 0.156 0.813 0.657 0.260 0.040 -0.22
2.50 [mm] 0.194 1.714 1.52 0.246 0.818 0.572

In general, vibration simulator manufacturers perform the setting of a normal state, mass unbalance state,
and axial misalignment state at the most ideal installation condition, such as a floor or a surface plate with very
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high rigidity. However, when installed at an educational site, vibration simulators are often installed on work
benches with insufficient rigidity, so accurate vibration measurements cannot be made.

In particular, in order to show the state where the main component to be observed in the axial misalignment
state is 2x, the axial misalignment distance is excessively set, which is the cause of the failure of the vibration
simulator in the long term.

3. Results and Discussion

Through the experiment presented in this paper, it was confirmed that the installation conditions of the
vibration simulator effect to the vibration data. In actual training sites, installation is performed under various
installation conditions without an installation guide being presented. Therefore, for proper training, the influence
of the installation conditions on the measured vibration data must be considered. In addition, it should be
considered that the influence of the installation conditions is subdivided and the influence on each condition is
calculated mathematically.

4. Conclusion
In educational sites, vibration simulators are often installed on work benches with insufficient rigidity, and
consideration for this has not been sufficiently made. In this study, in case of vibration simulator is used in an
educational field, how the installation conditions effect to the vibration simulator and measured value, and for
the correct installation of the vibration simulator, the following conditions are checked and installed.
a) Check the natural frequency of the work bench to be installed through the bump test.
b) If the natural frequency of the work bench and the rotational frequency match,
(1) Change the natural frequency of the work bench,
- Use of work bench with high rigidity
- Attach stiffener to work bench
- Attach the mass to the work bench
(2) Change the vibration simulation rotation frequency.
As interest in vibration facility diagnosis increases, the demand for vibration simulators for facility diagnosis
education will also increase. Through this paper, it is expected that the training of correct vibration facility
diagnosis will be provided through the installation and use of appropriate vibration simulation considering the
effect of installation conditions.
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