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Vibration and temperature data of a servo motor are analyzed with PLC which is widely used in the industry. With this system,
power supply can be detected on the servo motors. In this way, undesirable situations such as disruptions in production and
productivity loss can be prevented from occurring. It is an important problem for businesses to detect malfunctions that may
occur in servo motor dysfunction. Previously, methods such as ultrasonic sound measurements, thermal cameras, endoscopy
equipment, and energy analysis have been used and discussed in the literature. Our study offers a PLC-based vibration and
temperature measurement system designed as a solution of this problem. In this system, vibration and temperature measurements
were made while the servo motor was kept running. 'ese measurements were measured with or without load, considering the
operating ranges of the servo motor, and the compatibility of the data was evaluated.

1. Introduction

One of the biggest problems encountered in the automation
sector is the loss suffered in production when the product
dysfunctions. In order to prevent the unexpected malfunctions
from occurring during the intensive production periods, the
maintenance system must be well managed and organized. 'e
implementation of maintenance activities is very important for
the smooth operation of machines and work processes that
operate continuously [1, 2]. In such cases, it is possible to work
with an external company to carry out the relevantmaintenance
work [3]. Briefly, maintenance activity is a planned and pro-
grammed movement that all the partitions in the firm create in
an organized manner to maintain the functions of the systems
in the most efficient way [4]. Research carried out on the ef-
ficiency of maintenance work shows that 33% of the mainte-
nance expenses are unnecessary or wasted due to disruption of
their periodicmaintenance [5, 6].Whilemaintenance strategy is
created, for this reason, the selection of a business method that
suits the maintenance requirements constitutes great impor-
tance [7]. Failure can occur while production is intensive.
Maintenance and repair to be made during this process can
cause high costs. Since the application of this method deter-
mines the malfunctions in advance, costs are minimized [6].

Even if the maintenance work is carried out in a comprehensive
manner, it may become stereotyped over a long period, and it
may not be possible to achieve the desired benefits proportional
to the experience of the maintenance technician. Among the
types of maintenance, predictive care occupies the last position,
with an application rate of 2%. 'is shows that the predictive
care type has been ignored although it provides many benefits
for companies because it can foresee and prevent failure before
the equipment malfunction occurs [8]. 'e origin and the
development of malfunctions learned from the analyses made
with the data obtained can be used in high capacity use of
engines and in avoiding shutdowns caused by timeless failures.
'e predictive care applications aremeasurement, analysis, and,
respectively, repair [9]. 'e predictive care uses the vibration
measurement tool, ultrasonic soundmeasurement tool, thermal
cameras, endoscopy equipment, and energy analyser tools.
Benefits of predictive care are the increased life cycle of
equipment, estimation of maintenance time, prevention of
labour loss, quality, and more efficient use [10–12]. Although
the benefits of predictive care are known, it has been determined
that the proportion of firms that determine their malfunctions
by applying fractional care in the world is 0.04% [13].

'e systems used to determine the malfunction of products
such as electricmotors, generators, and transformers commonly
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used in the industry measure voltage and current signals to
determine the malfunction status of related products [14, 15].
Depending on the operating conditions and the characteristics
of the points to be measured using various parameters that
characterize the behaviour of systems at runtime tomonitor the
operating conditions and performances of the machine, the
working performance of the machine under various physical
quantities can be observed at certain intervals [16]. 'ese
measurements are carried out by employing methods. 'ese
methods include monitoring actual data, the load set and
frequencies, performance curves during offline use, and use of
the existing net worth [17, 18]. However, the acquisition and
processing of these data are disadvantageous due to the lack of
an information boundary and the lack of continuity. System
design and management of data traffic are important in the
prevention and diagnosis of malfunctions. Writing-based sys-
tem developments are among the attempted methods [19].
However, these system approaches are generally concentrated
on vibration.

For predictive maintenance purposes, thermodynamic and
dynamic analysis of a motor that operates between the at-
tachment of the sharp ends of the cylinder, gamma type, free
piston, and hot and coldwelding temperature can be carried out
by detecting the development of a running machine’s failure [1]
on asynchronous motors [2]. Also, real-time monitoring and
evaluation of rotating machines can be done [20]. Today, some
methods have been used to determine the friction problems of
fixed and rotating parts. One of these methods is friction
spectral analysis which is carried out by the measurement of the
distribution of the characteristics of reaction. However, the
disadvantage of this method is that the friction generating
equipment produces noise in the current frequency band. A
complete analysis of the temporary response of the rotor-stator
interaction in which the friction process is represented by a
linear product model (Coulomb friction), and the distribution
of the cavity effects due to friction in the spiral vibrations which
increases the stability of the system in the rubbing area, has been
detected [21, 22].

Our study offers a PLC-based vibration and temperature
measurement system designed for the solution of this
problem. Vibration and temperature measurements were
made while working on the servo motor made according to
this system. 'ese measurements were measured with and
without load, while considering the operating ranges of the
servo motor and while considering the compatibility of
working with the graphical data analyses.

2. Materials and Methods

'is system is designed to measure the vibration and
temperature measurements in servo motors. As seen in
Figure 1, the vibration values and temperature values of the
surface area of the servo motor on the X and Y axes were
controlled by PLC, which is widely used in the industry.

In this study, the automation systems (motor, moving
elements, etc.) is used to measure the vibration and tem-
perature values of the products to determine whether the
products comply with the standards and to prevent mal-
functions. 'e acceptance of vibration values obtained from

the measurements of the machines has been determined
with the international ISO 2372 standard. 'is standard has
been used to evaluate the vibration intensity of machines
operating between 10–200Hz [23]. In this study, mea-
surements and evaluations were applied to servo motors
between 10–50Hz by connecting them to any machine. All
the harmonic movements that occur in simple harmonic
vibrations are repeated periodically. 'e magnitude of the
forces required for the vibration to occur is proportional to
the intensity of the vibration [24, 25]. Displacement, ve-
locity, and acceleration are units of amplitude.'e unit to be
used during the measurement is decided upon the system’s
work value Hz. 'e measurements done have been inter-
preted and evaluated according the ISO 2372 standards.

Temperature is a term connected to a system’s molecule’s
average kinetic energy. It is a base magnitude and a scaler. As
the temperature increases, the kinetic energy of the molecules
also increases and they move faster; while temperature de-
creases, the molecules’ kinetic energy decreases well and they
move slower. If two or more objects are in contact, an energy
transfer occurs from the hot objects to the cold objects until
there is a thermal equilibrium [26]. Temperature measuring
detectors, which are frequently used in industrial environments,
are very important, because they determine the temperature
range and process conditions made in industrial environments.
'ese measuring systems are generally of low cost semicon-
ductor (PTC-NTC and similar) materials. Today, analog
temperature detectors such as NTC and PTC are also used
alongside digital temperature detectors.

'e operating algorithm of the system is shown in
Figure 2. Press start to perform vibration and temperature
analysis and select the servo motor model in the recipes.
Measurement will start automatically after the recipe is
selected. 'e measurement will be completed when the
preset time has elapsed. If the servo motor is operating in
accordance with normal operating conditions, the SCADA
system will record the data and finish the operation. If the
servo motor is not operating in accordance with normal
operating conditions, the SCADA system will warn and the
servo motor maintenance operation will be required.

Z

Y

V m/s

Figure 1: Servo motor working principle.
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2.1. SystemDesign. 'e system designed in this work is used
to measure the vibration and temperature values of servo
motors. When selecting a detector, the following aspects
need be paid attention:

'e reading sensitivity of the detector.
'e minimum and maximum values to be measured.
'e sensitivity limit against the highest temperature to
be measured.
'e reaction speed and the reading accuracy against the
change of temperature in unit time.
'e continuation time of determination and accuracy.
'e restrictions of the environment.
'e accuracy level of the application and the change
in cost according to the way the detector has been
mounted. As there are transducers that measure
temperature without contact, temperature detectors
usually work by being in contact with the surface
that is going to be measured. 'e temperature
detecting equipment consists of thermoelectric
temperature elements and resistive temperature
elements.

2.2. Vibration and Temperature Measurement. Vibration is
expressed in two physical variables which are vibration
frequency and intensity of vibration. 'e frequency of vi-
bration is the number of vibration in a unit of time, and the
unit is expressed in hertz (Hz). 'e severity of vibration is
the current strength that occurs in unit of time in the en-
vironment where the vibration occurs perpendicular to the
energy which comes from the vibration, and the unit of the
severity of vibration is (W/cm2) [27].

Analysis of the data obtained by measurement is im-
portant for maintenance and performance use. Accurate
analysis of these data creates predictable data for machine
failure. For example, the balancing of all forces on piston and
rotating machines and the use of special montages decrease
the stress. Likewise, the vibration characteristics of the
system need to be understood, and the resonance condition
analysis needs to be carried out to get an excellent working
performance [28]. 'e goal here is to avoid resonance with
the measurement of the vibrations created and the experi-
ments. Moreover, thus decrease releases, many studies have
been performed on this. As an example, the deduction below
has been made about a ship’s vibration in conclusion of the
experiments made [29].

Alongside the measurements of vibration, the tem-
perature measurements also carry importance to a large
extent. Because it is a parameter that affects various
properties and creates a deformation effect on materials, it
is essential for the measurements to be done in specific
periods to be controlled. Different temperature mea-
surement devices can be designed by taking advantage of
their various thermometric features in the measurement of
materials’ temperatures. Today, there are various tem-
perature measurement devices that depend on the length,
pressure, volume, electric resistance, electromotor force
inside the electric circuit created by two different wires,
and the changes of materials’ external heat intensity. 'ese
along with devices usually measure by being in contact
with the surface to be measured. Besides this method, there
are devices used in measuring high temperatures that
measure contact-free [16].

In an expertly designed algorithm, the number of
transactions must be constant per data instance. 'erefore,
the total number of operations must be linear depending on
N. In general, the processing time required for a collection is
much shorter than the processing time required for a
multiplication operation. Algorithms can be developed to
make these complex operations quick and easy [30]. With
this analysis, the signal can be seen in the frequency domain,
and the frequency spectrum in the blocks can be calculated
and displayed. Real-time data processing is used to calculate
time, field signals, and the frequency domain signals ob-
tained from these signals must also be higher than the data
acquisition rate.

'e control of vibration-temperature during operation
and a suitable system for the servo motors to operate have
been created.'e system is run by the PLC.'e sensors have
been used to measure the temperature and the vibration
values of the devices used in the systems are shown in
Figure 3.

Start

Select recipe

Measurement

Is servo motor
working in recipe

values ?

Y

Measuring
values
save

Finish

Maintenance
servo motorN

Figure 2: 'e operating algorithm of the system.
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'e vibration and temperature sensor code used in this
process is QM42VT2. 'e vibration sensors have X- and Z-
axis indicators on the surface. When X is parallel to the
sensor, the Z axis moves through the sensor on a plane. 'e
X axis is mounted on the same axis as themotor shaft or on it
axially.

For best results, the sensor should be installed as close as
possible to the motor mount. If this is not possible, the
sensor must be mounted on a rigidly connected surface with
the vibration characteristics of the motor. Using a surface
with a cloth on or any another unstable mounting location to
detect specific vibration characteristics can result in a re-
duced accuracy or capability.

2.3. Properties of the Designed Set. In order to evaluate the
measured data in the designed measurement system, a
Siemens S71200 PLC, a Siemens Comfort 9″ operator panel
with a SCADA system, two vibration and temperature
monitors, and a Siemens Brand MODBUS card have been
used to measure the vibration and temperature. 'e mea-
sured values have been transferred via the Modbus RTU
protocol to the PLC. Five units have been used on the
measurement system to control the on/off switch. Besides, a
fuse has been added to protect the led system and the high
supply voltage from alerting the alarm. 'e design of the
system is shown in Figure 4.

'e PLCprogram in themeasuring systemhas been created
by programming the Siemens Tia Portal Professional V14 SP1
software and the SCADA program installed in the operator
panel with the Siemens Win CC Comfort V14 SP1 software.
Modbus RTU and Ethernet protocol was created to ensure
communication between the products used in the system.

3. Results

'rough the system designed in this paper, a servo motor
used in the industry has been implemented. 'e measure-
ments have been made between 0–3000 and 3000–0 RPM.
Besides, vibration and temperature analyses have been
performed by running the motor with and without load.

3.1. 0 to 3000RPMUnloaded. 'e servo motor, with the label
information seen, has values increased from 0 RPM to 3000
RPMwith no load, and the vibration and temperature values

have been recorded for 60 seconds. 'e vibration data have
been taken on the body both in the vertical and in the
horizontal axes; the temperature data have also been taken
from the body (see the graphs from Figures 5(a)–5(c), re-
spectively). According to the graphic values in Figures 5(a)
and 5(b), an increase in vibration speed occurred as the
speed value increased.'e value of vibration was fixed and it
has remained stable after reaching the speed of 3000 RPM.
Even though there have been minimal fluctuations in
temperature, no considerable change in the temperature
value has been observed, as it can be seen in Figure 5(c). 'e
maximum and the minimum vibration values that can be
measured were between the values of 1.5G and −1.5G. 'e
vibration values have never reached those values. 'e servo
motor has worked with temperature under the maximum
measurement of 35 degrees Celcius (Figure 5).

3.2. 3000 RPM to 0 RPM Unloaded. 'e servo motor was
slowed down from 3000 RPM to 0 RPM with no load, and the
vibration and temperature values have been recorded for 60
seconds.'e vibration data taken from the vertical axis are seen
in Figure 6(a), the vibration data taken from the horizontal axis
are seen on Figure 6(b), and the temperature data obtained
through the body are seen in the chart from Figure 6(c).
According to the graphical data of Figures 6(a) and 6(b), it has
been served that as the vibration value decreases, the speed value
also decreases. 'e vibration value has remained constant after
the speed value has dropped to 0 RPM and then it has been
fixed. Even though there have been minimal value changes, the
temperature value has decreased before the change in the value.
After that, it has increased, as the motor speed has decreased
(see Figure 6(c)). In this case, it is acknowledged that the
generally known servo motors get warm when they operate at
lower speeds. In the measurements made, depending on the
measurement direction (X, Y, Z), the operating values of the
servo motor are compared with the reference values. From the
value of the normal operation of the corresponding servo
motor, depending on the measurement direction according to
the references, it is observed that it works between the maxi-
mum vibration value of 1.5G and minimum vibration value of
−1.5G. It has been observed that the maximum temperature
value of 45 servo motor working referenced to the standard
operating value of the respective servo motor works under the
maximum value.

3.3. 0 RPM to 3000 RPM Loaded. 'e servo motor, with the
label information seen, is increased from 0 RPM to 3000
RPMwith on-load, and the vibration and temperature values
have been recorded for 60 seconds. 'e vibration data have
been taken on the body in the vertical axis, as seen in
Figure 7(a), data taken on the body in the horizontal axis are
illustrated in Figure 7(b), and the temperature data taken on
the body in Figure 7 are shown on the graph. According to
the graphical data shown in Figures 7(a) and 7(b), when the
speed value reaches 500 RPM, it is observed that the vi-
bration values exceed over the limit that can be measured. A
decrease in the vibration value has been observed when the
speed value of 500 RPM increases to 1500 RPM. While the

Figure 3: View of the designed system.

4 Shock and Vibration



230V DC

On-off

Power

Cpu Hmi Ethernet

Ethernet Ethernet

S7-1200 cpu

Digitalinput/output

Buzzer

Simatic hm

Modbus 1

Modbus 2

Modbus 3
Sensor 2

Sensor 1

24V DC

(a)

(b)

Figure 4: (a) Design of the vibration and temperature measurement set and its appearance at the moment of energization ((b) alternative).
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speed value has increased from 1500 RPM to 3000 RPM, the
vibration value also has increased and exceeded the limit
values. As a result of the vibration values measured loaded, it
can be concluded that the servo motor does not work
properly loaded and that maintenance should be applied.
Even though there have been minimal fluctuations in the
temperature of the motor, it can be seen that it has been
working in an acceptable manner, in accordance with the
temperature value, as illustrated in Figure 7(c).

3.4. 3000 RPM to 0 RPM Loaded. 'e servo motor, with the
label information seen, is increased from 0 RPM to 3000
RPMwith on-load, and the vibration and temperature values
have been recorded for 60 seconds. 'e vibration data have
been taken on the body in the vertical axis, as seen
Figure 8(a), data taken on the body in the horizontal axis are
illustrated in Figure 8(b), and the temperature data taken
from the body are graphically shown in Figure 8(c). A
decrease in the value of vibration has been observed in the

graphic values in Figures 8(a) and 8(b) until the speed value
has dropped from 3000 RPM to 1200 RPM. While the speed
value has decreased from 1200 RPM to 700 RPM, an increase
in the vibration value could have been observed, and when
the speed value has reached 700 RPM, it has exceeded the
limit values. While the speed value dropped from 700 RPM
to 0 RPM, the vibration value also decreased and became
0G. When the servo motor vibration values have exceeded
the limit values at 700 RPM, it could have been observed that
the servo motor needed maintenance. When observing the
temperature graph from Figure 8(c), it can be seen that the
servo motor works at typical temperature values.

4. Discussion

System performance may be dependent on the effects of
vibration and temperature data such as the total operating
time of the system, operating conditions of the system, and
the external environment. So, the reference value can be
obtained from an idle system. By applying the specified load,
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Figure 5: 'e 0–3000 RPM measurement-speed graph of the unloaded motor: (a) vertical axis, (b) horizontal axis, and (c) temperature-
speed graph of the unloaded motor.
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Figure 6: 'e 3000–0 RPM measurement-speed graph of the unloaded motor: (a) vertical axis, (b) horizontal axis, and (c) temperature-
speed graph of the unloaded motor.
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Figure 7: 'e 0–3000 RPMmeasurement-speed graph of the loaded motor: (a) vertical axis, (b) horizontal axis, and (c) temperature-speed
graph of the loaded motor.
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vibration and heat data can be monitored during operation
and termination processes. As seen in the results, critical
levels can be overcoming under load. 'is can make the
framework require support before due time, and if this
circumstance is not resolved in time, there may be a mal-
function in the motor. Control used for detecting errors can
allow it to give a warning when the limit values are exceeded
and to keep values optimal.

Vibration values were measured for Siemens 1FK7063
coded servo motor at 1000, 2000, and 3000 RPM speeds,
with horizontal and vertical axis displacement. 'e value of
the temperature in degrees Celsius (°C) has been measured
for a minute and it was graphically illustrated. 'e working
time for all the measurements has been set at 60 s.

First, to create the sample system in terms of the reference
value, data have been obtained from the system displayed in this
article between 0–3000 RPM. 'e vibration values increase
depending on the number of vibration cycles as expected.When
the data has been examined, no abnormal value has been
observed, and regular operations have been found according to
the motor speed. However, when the heat has been measured,
the reference value of 35°C has not been exceeded.

To test the validation of the first results of measurement
made with 3000–0 RPM measurement cycles, observations
were made that the vibration values have decreased
according to the amount of vibration it received and it was
kept within the working ranges. 'e temperature value at
500 RPM is within the boundary of the first variable and the
temperature value reaches the critical point in the mea-
surement range of 3000–0 RPM. It has been identified as a
normal thermal behaviour, considering the running time of
this system. 'e values of the system were recorded while
kept idle under monitoring.

A loaded system has operated between 0–3000 RPM.
0–500 RPM and 2200–3000 RPM operating ranges have
exceeded the limit of the values of the vibration data. It has
been identified that the vibration data have remained at the

desired level from this point on. It means that the machine
needs to be taken into the maintenance. Otherwise, there is a
possibility of causing friction-related malfunction in the
system. On the other hand, temperature values were constant
at 900–1200 RPM. 'is variable data remains within the
boundary values. 'e measurements in the system, based on
different parameters during the study, could be done in real-
time and variable areas have been identified. 'e data ob-
tained from the regular study are deemed to be inside the
working range. When the 0–3000 RPM values of the motor
was measured, it was observed that at 3000–2600 RPM that it
exceeded over the vibration limits. 'e rise in these vibration
values were seen at 1200–600 RPM. Between the measure-
ments of 0–3000 RPM, the same consequences were not
observed in said frequencies. 'is spike was observed in both
measurements made with 0–3000 RPM and 3000–0 RPM and
different frequencies in data are observed. Even with these
vibration values, the system’s temperature has never exceeded
over the working temperature of 35 degrees Celsius. In
conclusion, better data for predicting malfunction with
3000–0 RPM measurement method have been gained.

5. Conclusions

Disruptions during the mass production processes can cause
a competitive disadvantage to companies in the industrial
field.

Furthermore, malfunctions can cause major setbacks
during the manufacturing process since continuous pro-
duction depends on how well the machines can perform.
Particularly in remotely controlled processes, achieving both
timely and accurate monitoring might prove difficult. 'e
system designed and developed in this study provides a way
to measure the heat and the vibration in real-time. 'is
innovative system can be configured in accordance with
future research regarding industry 4.0. 'e monitoring
system can be used on demand to show measurements for
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Figure 8: 'e 3000–0 RPMmeasurement-speed graph of the loaded motor: (a) vertical axis, (b) horizontal axis, and (c) temperature-speed
graph of the loaded motor.
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heat and vibrations, remotely and on demand in real-time.
'e control systems are integrated to provide a safe and
nonhazardous production. 'e system can display real-time
data. With the data obtained, a suitable dataset is created for
use in artificial intelligence applications. Cost advantages
can be provided and the system has a structure that can be
improved in all aspects. It can be easily moved anywhere and
has a multifunctional structure that can be used for every
device and machine of similar structure. 'e information
requested in reporting can be selected by the user. Also, by
adopting the understanding of intervention before failure
occurs, the highest efficiency can be obtained and the
production resulting from a halt or unplanned maintenance
caused by the breakdown can be contributed to production
by minimizing the cost losses. 'is system vibration and
temperature values can be examined during the operation of
the machines without damaging the systems and the data
that will cause problems can be monitored. In addition, it
can be examined in other motors without damaging ma-
chinery and equipment, and how real errors are reflected on
the graphics as a result of vibration measurements can be
examined.
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