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Abstract 
Intralogistic systems consist of several mechanical components which undergo wear during operation and can 
fail. To avoid failure critical components will be replaced in planned intervals (preventive maintenance). By 
contrast, in case of maintenance with condition monitoring such components are monitored by non-destructive 
testing and not replaced while no critical state is reached. The aim of present work is to find suitable sensors and 
calibrate them. For this, components are mechanical tested with a servohydraulic test equipment until failure 
based on pre-determined use and load profiles. 
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1. Introduction 
 
The aim of the work is the maintenance of intralogistics plants by condition monitoring. 
Therefore profound knowledge about durability of the components and the testing of sensors 
for condition monitoring are necessary. To get this information following method was used 
[1]. The first step was the generation of the use profile of the plant, for example a baggage 
handling system of an airport, and the load profile, which describe the load up to the 
component of the plant. Based on these two profiles, with the help of screening methods [2,3] 
like the rainflowmethod, a complex load profile was generated, which represented the total 
load. With this compressed load profile and a testing machine several components can be 
investigate in a short time. During the experiment sensor systems can be tested for the 
condition monitoring. Based on the load and the number of cycles until the component failed, 
the durability of the components can be calculated. On this way we got information about 
suitable sensors and the durability of the component by using Woehlercurves.  
 
2. Inspected objects 
 
The following investigations were done at load-carrying roller, which is shown in figure 1. 
 

 
Figure 1. Components of load-carrying roller; separated and in assembled condition 
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The carrying roller consists of a steel roll and of two ball-bearings, which are pressed in 
plastic bushes. The axle consisted of a steel rod with a diameter of 5 mm. 
In order to analyses visually the ball-bearings and plastic bushings after the component 
failure, the rollers were modified in the following way. On the roller axle a steel cylinder was 
fixed, which allowed to press the plastic bushings out of the steel roll. 
 
3. Testing machine 
 
A central element for the investigation of the durability of components represents the testing 
machine. The testing machine loaded the carrying roller with the compressed load profile. In 
figure 2 a schematic view of the designed testing machine is shown. The carrying roller was 
driven by a wheel, which was coupled over a transmission with the motor. The engine was 
fixed in the framework, which was vertically adjustable. This construction ensured a constant 
contact pressure on the carrier roller by the weight of the framework, engine, transmission and 
drive wheel. The load passed in the carrying roller by the load roller, which was connected 
with the servo-hydraulic cylinder and a load cell. In this way different loads can be adjusted 
and the test program, get with the help of classifying, can be started. 
 

 
Figure 2. Schematic view of the testing machine 

 
4. Sensor systems for condition monitoring 
 
One aim of this work was the condition monitoring of components by using nondestructive 
testing systems. In the following these used measurement systems are detailed described. 
 



4.1 Thermometry 
The carrying roller has a rolling friction caused on the motion of different components. The 
load of the testing machine increases the friction and so the bearings grow warm. This heating 
is detected by PT100-temperature sensor, which was glued on the bearing ring. Due to their 
small manufactured size this method allowed the direct measurement and monitoring for the 
temperature without falsification by heat transmission. An indirect measurement of the 
bearing temperature was done by using a thermography camera. In this case the transfer 
function, based on the heat transmission through the steel roll, can be calculated by using the 
PT100 measurements.  
 
4.2 Distance measurement 
In the testing machine a contactless working distance sensor was installed below the carrying 
roller. The sensor transmitted a signal (1V/mm) in dependence for the roller position. Figure 3 
shows an exemplary measurement. 
 

 
Figure 3. Example of a measurement by the distance sensor 

Measurement with drive Measurement without drive

 
The height of the carrying roller is not constant, but oscillates around an average value. The 
development of the unbalance can be documented by the difference between the maxima and 
minima of the measured oscillation. Moreover the average value and/or the position of the 
stopped roller indicate the setting behavior due to plastic deformations. Additionally the 
rolling friction can be determined by evaluating the time between two extreme of the 
oscillation caused by the unbalance. So the negative acceleration (deceleration behavior) of 
the non driven roller can be measured. 
 
4.3 Acoustic emission measurement by microphone 
For the measurements of the acoustic emission a microphone was fixed on the testing 
machine. An exemplary result of these measurements is shown in figure 4. For the evaluation 
of the signals the Fast-Fourier transformation (FFT) was used, which calculated the individual 
frequencies of the signals. So the failure of a bearing can be detected by analyzing of the 
frequency spectrum. 
 
4.4 Acoustic emission measurement by vibrometer 
The microphone is a firmly installed sensor integrated in the testing machine. The vibrometer 
allows measurements outside of the testing machine at different positions to the roller. For 
this a laser beam is aligned to the inspection item and the surface oscillation is measured by 
interferometry, which is characteristic of the sound (see microphone). For an application in 



industrial plants this sensor is interesting, because the vibrometer measures over a distance of 
several meters in comparison to the microphone. 
 

 
Figure 4. By microphone recorded signals of the rotating roller (above)  

FFT of this signal (below) 
 
4.4 Impact vibration analysis (ring test) 
The vibrometer can also be used for the impact vibration analysis. For this the non rotating 
carrying roller gets a strike by a electro-magnetic driven clapper. By evaluation of the 
oscillation signals the natural frequencies of the roller can be calculated. Damages such as 
cracks have an influence on the natural frequency and are detectable. 
 
4.5 Control of the testing machine 
The testing machine can be controlled by using a web interface. Also the measuring data are 
represented over this website. So the progress of the test program can be observed. Figure 5 
shows a screenshot of the website. 
 

 
Figure 5. Internet site of the testing machine 



In the upper line information such as starting time and running time are listed. A web camera 
transmits a picture of the testing machine. Here the carrying roller and the hydraulic cylinder 
are shown. Further the measuring data of the rolling friction, the temperature development as 
well as the impact vibration analysis are graphically represented. By using a password the 
testing machine can be stopped over the Internet. 
 
5. Measurement results 
 
In the following the results get from the different sensor systems are presented. Figure 6 
shows the measured temperatures during the whole experiment, which was terminated by a 
failure of the carrying roller. Represented are the temperature in the both bearings of the roller 
and the ambient temperature, which are shown in light-grey. The abscissa indicates the 
number of load cycles. A cycle corresponds to 10000 stress cycles of the load profile 
determined by the rainflowmethod. 
 

 

 
Figure 6. Temperature of the bearings up to the failure 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The ambient temperature and the bearings temperatures increase over the time. However the 
temperatures of the bearings increase over the load cycle more than the ambient temperature. 
From the beginning of the load up to 500 cycles the temperature of the bearings are constant 
and are only influence by the ambient temperature. Afterwards the temperature in both 
bearings increases. The reason is the increase of the friction in the bearings. At 2000 cycles 
the bearing temperatures drops caused by the low surrounding temperature. However the 
temperature in the bearings increases continually. The failure of the roller can be detected by 
the high changes of temperature at about 2500 cycles. In this experiment the temperature 
sensor of the bearing number 2 was breakaway. However this measurement shows a direct 
correlation between the bearing wear and the temperature.  
Under the condition that the temperature increase based of the changes of friction in the 
bearing, the rolling friction of the roller must vary also during the experiment. The result of 
the rolling friction measurement shows figure 7. Shown is here the delay determined by 
measurement with the distance sensors. For this in the load-free condition the drive engine 
was switched off and the time until the stop was evaluated. 
 



 
Figure 7. Development of the rolling friction over the loading period (cycles);  

individual measurements and mean value about 20 measurements 
 
The mean value increases between 500 and 2000 cycle. In this phase the behavior of the roller 
is improved. At about 2000 cycles the rolling friction increases until the roller failed. In this 
experiment the measured value correlates with the condition of roller too. 
The wear of the carrying roller was detected also by acoustic emission. For this the measuring 
signals was analyzed by the FFT. The result is shown in figure 8 in form of a false color 
representation. Additionally the power density for the frequency range from 1 kHz to 3 kHz 
was determined. This power density is drawn in figure 8 together with the measured bearing 
temperature in relation to the load period. Shortly before the component failure the bearing 
temperature increased. Likewise the acoustic emission activity increased, which can be 
observed in the false color representation.  
 

 
Figure 8. Acoustic emission analyses 

 



With the vibrometer the wear could be likewise detected in the frequency spectrum. The 
vibrometer detects also the influence of the imbalance and the surface of the roller. So the 
signal of the failure is not so distinctive than in the case of the microphone measurement. 
With the vibrometer the individual measuring phases can be controlled during the experiment. 
In figure 9 the vibrometer signal is plotted over the time. The left side in the diagram presents 
the signal with driven but load-free roller. After the drive is switched off, the signal decreases 
and the rolling friction can be calculated. The last phase is the impact vibration analysis. The 
influence of the impact can be seen in the right side of the diagram. 
 

 
Figure 9. Measurement by vibrometer 

 
The result of the impact vibration analysis shows figure 10 in form of false color 
representation. The represented frequency ranges from 1650 to 1680 Hz. The black line 
shows the bearing temperature, which varies from 30 until 55 °C.  
 

1680 Hz

 
 

Figure 10. Impact vibration analysis by vibrometer 
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The false color representation shows two characteristic frequencies. The natural frequencies 
strew at the beginning of the measurement, which refers to a running-in period of the roller. 
Afterwards the natural frequencies are stable. Before the roller failed serious changes of the 
frequencies can be observed. So the method of impact vibration analysis is for detection of 
relevant defects applicable. 
 
After the experiment the bearings were examined visually. The following damage mechanism 
was observed. The mechanical load separates parts of the plastic component, which go into 
the ball bearings. There a heating up via the increasing friction takes place, which leads to a 



further damage. This leads then to the component failure. The individual components of the 
bearing shows figure 11. In the figure are also two optical microscope photographs of the 
bearing surface presented. The upper picture shows a new bearing surface, the picture above 
the bearing surface of a used bearing. In the case of the used bearing surface material 
outbreaks are present. 
 
 

 
 

Figure 11.Visuelle evaluation of the bearings 
 
6. Determination of the Woehlercurve 
 
Among the testing of the sensors for condition monitoring the durability of the carrying roller 
can be determined also, based on the experiments. 
 

 
 
 
 
 
 
 
 
 
 
 

 
For this the loads, which are caused by the merchandise during the passage over a measuring 
roller, were classified by using the rainflowmethod. In the figure 12 on the left side the load 
by a 25 kg heavy suit-case is presented [4]. By this way, with consideration of the use profile, 
the rainflow-matrix (figure 12, right) can be calculated [5]. With the knowledge of the 
maximum load change number for each experiment based from the matrix, the durability of 
the roller can be determinate by using the Palmgren-Miner rule. It is obvious that the load 
change numbers increasing if the load decreases. Therefore the experiment started with the 
largest value from the matrix. For this experiment measurement time about more than two 
month were necessary. Smaller loads would have still longer measurement time. Therefore 
the load was substantially increased. The results of these experiments are shown in figure 13 
in form of a stress-number diagram. The logarithmic load change number is drawn in relation 
to the load. The durability varies due to different installation ways of the bearing. In order to 
receive reproducible results only the optimally assembled roller were regarded. In order to 
calculate the durability the elementary miner rule was used. To the estimation of the 
durability from the load profile the number of suit-cases up to the intersection with 
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Figure 12. Load profile and rainflowmatrix 
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extrapolate line was determined. Thus approximately 108 merchandise passages up to a failure 
are possible. Based on the use profile this would correspond for a conveyor plant of the 
airport Düsseldorf (8000 suit-cases per day) to a durability of approximately 33 years. 
 

 

 
Figure 13. Woehlercurve for carrier roller 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
However it must be noted that the roller was exclusively mechanically overloaded. Overload 
due to loads by dirt and corrosion was not considered.  
 
 
7. Conclusions 
 
The mechanical load working on the component was determined by load profile and use 
profile of an intralogistic plant. Based on these profiles the compressed load profile was 
determinate by using the rainflowmethod. For the practical appliance a testing machine was 
provided, which loaded the roller by a load profile. The progress as well as the measuring data 
of the sensors can be queried over a web interface. With this system carrying rollers were 
loaded with the compressed load profile up to a defined failure. The measurements with the 
integrated sensor systems shows that in the case of the temperature development in the 
bearing, the rolling friction, the acoustic emission and the impact vibration analysis a 
correlation of the signals to the condition of the roller is given. So a condition monitoring 
maintenance with this sensor system is possible. In the case of the durability, based on the 
stress-number curve, for a concluding evaluation are not enough data present, caused by the 
long measurement time. The actual results shows an over sizing of the roller. Current works 
are to run more experiments, in order to get sufficient data to the durability of the rollers.  
 
Acknowledgements 
The project is sponsored by the DFG Research ”Forderungsgerechte Auslegung von 
intralogistischen Systemen - Logistics on Demand”, SFB 696.  



References 

1. Fischer, G.; Zielke, R.; Rademacher H.-G., (Hrsg.: Crostack, H.-A.; ten Hompel, M.) 
„Prüfstrategien und Design von Einrichtungen zur Zustandsbewertung von 
Materialflusssystemen im Betrieb“, Fördergerechte Auslegung von intralogistischen 
Systemen – Logistic on Demand; 1. Kolloquium am 20. Februar 2007; Verlag Praxiswissen; 
ISBN 978-3-89957-047-2 

2. DIN 45667: Klassierverfahren für das Erfassen regelloser Schwingungen, 1969 

3. Haibach, E.: Betriebsfestigkeit – Verfahren und Daten zur Bauteilberechnung, VDI-Verlag 
1989 

4. Rademacher, H.-G.; Zielke, R.; Fischer, G.; (Hrsg.: Crostack, H.-A.; ten Hompel, M.) 
„Prüfstrategien und Design von Einrichtungen zur Zustandsbewertung von 
Materialflusssystemen im Betrieb“, Belastungsabhängige Auslegung, Überwachung und 
Steuerung von intralogistischen Systemen, Berichte aus dem SFB 696; 2. öffentliches 
Kolloquium am 25. September 2008; Verlag Praxiswissen; ISBN 978-3-89957-070-0 

5. Downing, S. D., Socie, D. F.: Simple rainflow counting algorithms, International Journal of 
Fatigue, Volume 4, issue 1, Januar 1982 S. 31-39 


