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Abstract: Wet wipe machines are machines for high capacity production at high speeds. Even the short downtimes of the machines in the 

production area lead to huge losses for manufacturers. However, in these machines; unexpected breakdowns such as belt breakage, bearing 

damage, sensor motor failures, pneumatic air leaks are frequently encountered. In order to prevent unwanted stoppages, a sensor, actuator 

and plc based application has been implemented to prevent failure parameters and to detect faultlessly by monitoring the operation 

parameters. As a result of the studies carried out, our wet wipe machines that we produce have been adapted to the industry 4.0 concept. 
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1. Introduction 

Today's technological developments, increasing energy need, 

changing and developing competition conditions make maintenance 

and repair activities even more important. Maintenance and repair 

activities constitute one of the important expense items of the 

enterprises.  

As technology evolves, labor costs decrease and investment 

costs and automation-oriented facilities increase. Increasing 

investment and maintenance costs are also increasing. Production 

losses as a result of unexpected breakdowns during production may 

hinder the implementation of production plans. Nowadays, the 

interruption of the current production  causes huge costs, even in 

minutes.  

Maintenance and repair of malfunctioning machines is both 

laborious and costly. In case of unexpected, sudden breakdowns in 

the operation, maintenance and repair takes a long time and it may 

be difficult to find spare parts depending on the location of the 

failure. Of course, production losses and costs increase in the 

meantime [1]. Although the intervention after failure is a kind of 

maintenance method, considering the current conditions, the 

understanding of intervention to the machine before the failure 

occurs becomes more and more important. 

The understanding of intervening machines without a 

breakdown is an approach developed to get the highest efficiency 

from a machine and to minimize production losses due to a 

downtime or maintenance. This understanding for monitoring the 

situation in running machines; it is called predictive care. The data 

collected without stopping the machine with the current predictive 

maintenance methods are examined and comments are made. As a 

result of these comments, the occurrence of malfunctions in these 

machines is estimated and appropriate stops are planned and 

intervened in the appropriate time. In this way, interruption of the 

defective area in the machine before the incidental situation occurs, 

prevents unnecessary downtime and costs. Bearing damage, sensor-

motor failures, pneumatic air leaks, etc. are frequently encountered 

in wet wipe machines.  

In this study; in order to prevent unplanned stops, a sensor, 

actuator and plc based application has been realized for preventing 

the failure sources and detecting them without fail by monitoring 

the operating parameters. In the application, data from sensors and 

motor drives were collected and statistical calculation tools on plc 

were used to determine the operating data deviating from the 

standard values and to determine the faults beforehand. An 

application has been developed which detects the amount of air 

leaks in the compressed air circuit.  

   
 

2. Bearing Damage Detection 

In this method, the vibrations of the machines are measured and 

analyzed periodically. Changes in vibrations are monitored using 

previous data. If there is a vibration caused by the fault, the 

vibration trend will increase. In the meantime, if the situation is 

serious, the machine will be serviced immediately and the necessary 

repairs or parts replaced. This method of monitoring machines 

without interfering with their work closely, eliminates unnecessary 

stoppages and prevents unnecessary parts replacement. As the point 

of failure can be detected in advance, a future maintenance and 

repair program can be established, and any failures that may cause 

sudden stops can be eliminated [2]. 

It is important to decide which expression should be selected as 

the unit during the measurements. Displacement, velocity and 

acceleration measurements have their own advantages and 

disadvantages [4]. This decision is made according to the speed of 

the machine to be measured (Hz). The  figure 2.1. illustrates this 

situation better.  

 

 

 

As shown in Figure 2.1, measurement using displacement 

should be used on low speed machines. That is, it should be used on 

machines with a speed of less than 10 Hz (600 rpm). Because in 

low-speed machines, a large part of the vibration energy is located 

in the low frequency zone. Measurements using acceleration are 

used in high-speed machines. It is easier to comment if the 

acceleration is used on machines with a speed of 1000 Hz or more. 

As seen in Figure 2.1, the speed can be used in a wider frequency 

range and gives efficient results. Speed is an amplitude unit that can 

be used in most measurements. It is important to know which unit 
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to use during measurements. If we do not act accordingly, we may 

not be able to make healthy measurements and make healthy 

analyzes. Our values and decisions can be misleading. 

Vibration Amplitude ie the intensity of vibration, peak value, 

inter-peak value, RMS and average can be expressed in four ways 

[6]. 

The peak value is the distance from the zero point to the peak, 

ie the maximum value at which the vibration signal reaches a point 

[6]. This value is X0. It is used to express the amplitude of the 

velocity or acceleration of vibration. Inter-peak Value is defined as 

the value that the signal receives from the maximum peak to the 

minimum peak. It usually refers to the displacement of vibration 

[5]. 

RMS (Root Mean Square) is the square root of the average of 

the squares of the values a signal receives at time intervals t1 and t2. 

The mean is the arithmetic mean of the value a signal receives 

over the time interval t1-t2. As mentioned earlier, the units of 

vibration amplitude values are; displacement, velocity, acceleration. 

Amplitude values can be transformed into each other [5]. 

Average = 0.637 x Peak  (2.1) 

Average = 0.9 x RMS       (2.2) 

Peak to Peak = 2 x Peak  (2.3) 

Peak = 1,414 x RMS  (2.4) 

Peak = 1.57 x Average  (2.5) 

RMS = 0.707 x Peak  (2.6) 

RMS = 1.11 x Average  (2.7) 

 

All these basic expressions form the basis of the vibration 

analysis foot of predictive maintenance and provide an 

understanding and analysis of the analysis. When measuring, 

electric motors, fans, pumps, compressors, such as rotating rotating 

at a certain speed in the system's own bodies and the sensors closest 

to the bearings are collected with the help of data [7]. 

Since taking measurements from all bearings on the machine 

will make the system complex and costly, only the term has been 

taken to take measurements with sensors from long and expensive 

bearings. 4 acceleration sensors are mounted on the roller bearings 

for monitoring 4 bearings in the system. The signals of the sensors 

are connected to the inputs on the plc for fast data input. 

The vibration spectra of the normal operation from the sensors 

are initially sampled and introduced to the system, then the system 

compares the average of the initial graph with the average of the 

spectral graph at run time. When the deviation from the standard 

average value reaches the threshold value in% entered on the 

screen, this is shown to the user as a warning and the user is able to 

see the spectral graphs of the start and the time of failure. The 

purpose of showing the spectral graphs to the user is that the fault is 

not always welded. In addition to bearing damage, coupling 

misalignment, belt tension problems can cause abnormalities in the 

spectrum graph. 

3. Detection of Sensor Failures  

A statistical display was designed using opc-ua program 

function blocks and io-link sensors to detect sensor and motor 

faults. The machine continuously compares the collected data with 

the threshold values. Easy detection and addressing of faults has 

minimized downtime due to failure and ensured end-user 

satisfaction. 

Conventional digital sensors produce zero or multiple signals 

for the situation. In order to design intelligent machines within the 

scope of Industry 4.0 transformation, it was felt that digital sensors 

should provide information to the user by creating additional data 

indicating the sensor operating status besides zero and one values. 

Thanks to the io-link communication protocol, sensors developed in 

this context have been able to transmit various data in addition to 

zero and one signals over the signal terminals. 

Various data is collected from optical, magnetic and inductive 

sensors which are used extensively on wet wipe machines and 

correction is made when the first signs of the failure are taken 

before a possible mechanical or electrical failure occurs. 

The biggest problem frequently encountered with optical 

sensors is the faulty signal condition caused by the accumulation of 

dust or dirt on the lenses of optical sensors. In addition to the digital 

signal, the reflective io-link optical sensors compare the intensity of 

the transmitted light with the intensity of the reflected light and 

send data to the plc about the lost light intensity. When the decrease 

in light intensity exceeds the set threshold value, the system 

displays a warning for the user and directs the user to check the 

status of the sensor. 

Similarly, magnetic and inductive sensors transmit numerical 

values about their distance from the metal or magnetic surface. The 

loosening of these sensors, often used to determine the reference 

position, and the loss of their original position, result in simple 

failures that take hours of detection. Taking a reading other than the 

standard reading distance heralds that the sensor loosened and often 

shifted from its position. In this case, the user is directed by the 

machine to the control of the respective sensor. 

4. Detection of Motor Failures 

Nowadays, as an extension of the Opc-ua protocol, there are 

advanced predictive maintenance program blocks for predictive 

maintenance, which reduces the load of the programmers and easily 

integrates the predictive maintenance software that most 

programmers are forced into. 

Prolonged detection of asynchronous motors for long periods of 

time without failures or possible failures is important. There are 

certain types of malfunctions. The faults encountered are those 

caused by specific reasons or working conditions. The reasons of 

the faults that we call as the specific faults of the motor depend on 

the behavior of mechanical and electrical forces inside the motor. 

An imbalance in the asynchronous motor results in instability of 

the stator windings and / or changes in the stator air gap. As a result, 

changes in the space harmonic distribution of the motor will occur. 

[7] 

Frequency inverter devices used in speed control of induction 

motors also monitor the motor insulation voltage and generate an 

output signal in case of change and inform the main controller. 

Figure 3.1 shows the possible failure types. [9] 

 

Fig 4.1 AC Motor Possible Errors. 
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In some cases, the motor does not have any problems, but the 

mechanical stresses in the system to which it is connected increase 

the temperature and current of the motor. In such cases, the current 

of the motor is continuously monitored in order to detect the fault 

before the system is locked or the thermal relay to which the motor 

is connected is tripped. It is difficult in most cases to determine that 

the motor current goes out of standard, because the motor draws 

current at different amperes due to the varying mechanical power 

requirement on the motor. In the newly developed inverter 

technologies, the motor current is sampled along with the voltage 

frequency and a power profile is created. 

As soon as the motor values which are out of standard behavior 

are determined as a result of these samples realized in the frequency 

inverter, a signal is sent to the main controller. Similarly, the drives 

of the servo motors continuously monitor the motor torque value, 

the current drawn by the motor and the vibration values taken from 

the encoder and inform the main controller. 

5. Determination of Air Leakes In Pneumatic 

Circuit 

Preventing compressed air leaks is an important opportunity to 

save energy. Leaks often occur in safety valves, pipe and hose 

joints, throttle valves, start couplings and pneumatic elements. In 

many cases, leaks are caused by inadequate maintenance rather than 

inappropriate installation. If leakage can be sufficiently aware of the 

power wastage, leakage-related leakages can easily be recovered as 

energy savings. The figure 5.1. shows the approximate power 

values wasted by leaks caused by holes of different sizes when the 

normal operating pressure is 6 bar. [10] 

 

Fig 5.1 Power loss table 

In order to detect and address compressed air leaks, the method 

of measuring the pressure drop by trapping air into the circuit was 

used. In this method, when the machine is not operating but 

energized, the valves are programmed to be closed by the system 

and the pressure transmitters report the pressure drops in the air line 

until the machine moves again. The system is programmed to 

display a warning on the machine screen in case there is a decrease 

between the initial pressure value and the end pressure value 

measured by the sensors more than the threshold value entered into 

the system. These threshold values are determined as shown in 

Figure 5.2 in the relevant standards. [11] 

 

Fig 5.2  Acceptable Air Leakage standarts 

As can be seen from the figure, the values indicated in the 

standard indicate the volumetric losses. In the first trials, flow 

sensors were used instead of pressure transmitters, but these sensors 

were found to be nonfunctional at very small flow values. 

Mathematically, since the air volume trapped in the circuit is 

known, the pressure drop is converted from “dm3/h” to “mbar/h” 

6. Conclusion 

Unplanned downtime in machines with large capacity 

productions such as wet wipes production imposes huge costs on 

enterprises. The companies with these lines want to use predictive 

maintenance methods in order to reduce unplanned downtime, but 

in most cases the fault detection systems that are required to be 

added to the machine later cannot work in full compliance or cannot 

be commissioned due to the difficulties of integration. In this study, 

an important part of the predictive maintenance methods reached by 

the current technology is included in the machine automation 

system. Predictive maintenance systems generate a large amount of 

data, storing the raw form of these data is a problem. After 

analyzing the data, the data is cleared from the memory and in case 

of problems, it is presented to the user in a statistics screen via a 

screen. In this way, the user is recovered in complexity and accesses 

only the filtered data he needs. At the end of this study, the 

efficiency of our wet wipe machines was increased thanks to 

industry 4.0 applications. 
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