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ABSTRACT

This article describes how to solve problems of diagnostics motors and bearings in
equipment for woodworking based on the method of artificial intelligence focusing on
methods of fuzzy logic.

Woodworking equipment operation - the presence of wood dust, which is abrasive
and lead to increased wear on mechanical components of woodworking equipment. A
logical-linguistic diagnostic model of electric motors and bearings has been developed on
basis of fuzzy logic. The calculated rules determine relationships between the technical
condition and the diagnostic parameters and parameter trends. Experimental results of
technical condition diagnostics are discussed.

Example of described diagnostic methods is its application in the diagnosis of BWS
sander machine 6/190 BISON WERKE company with parameters: grinding width is 1900
mm,induction motor with power is 90 kW, synchronous speed of motor is 1500 rpm, Plate
feed speed is 20 ms . Vibration measurement was performed on the stationary part of the
motor during grinding operations.

Keywords: woodworking equipment, monitoring of technical condition, temperature and
vibration diagnostics, bearings, induction motors.

INTRODUCTION

One of the most important factors of the efficient work of automated woodworking
plants is their reliable operation. Modern woodworking equipment is represented by
continuous automated production lines that should maintain their high reliability.

Equipment diagnostics is the most promising and rapidly developing trend in modern
woodworking. To avoid production stoppage resulting in downtime and cost increase,
equipment diagnostics is required to predict unit failures that may arise during the
operation of woodworking machinery (COWAN — WINER 2013, DOVBAN — VESELOV 2012,
MICIETA — STOLLMANN 2009, KOSCIELNY 2004, KVIETKOVA — BARCIK 2011).

The most common diagnostic parameters of electric motors and bearings
woodworking equipment and automatic production lines in large modern wood processing
enterprises are temperature and vibration.

Issues of bearing, induction motor and mechanical unit diagnostics are discussed in
CAMERON et al. 1986, HETMANCZYK — SWIDER 2014, HETMANCZYK — SWIDER 2014,
HUGHES 2006, KRISHNAN 2001, KURFESS et al. 2006, LEE — KiM 2007, NANDI — TOLIYAT
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1999, PENNACCHI et al. 2011. Modern diagnostic tools apply artificial intelligence
techniques (REILLY 2011, STEPANOV — NIKITIN 2014, SWIDER — HETMANCZYK 2011).
Fuzzy logic system is one of the efficient tools of equipment diagnostics (NURIEVA —
NIKITIN 2012, NIKITIN — ABRAMOV 2010, NIKITIN — ABRAMOV 2011).

Modern diagnostic system was designed, which was tested on the sander machine
BWS 6/190 BISON WERKE company. It is woodworking machine of older manufacturing
date, where downtime, due to disturbances, presents serious problem manifesting itself by
shortfalls in production, by worsening of economic indicators and ultimately in customer
dissatisfaction. The proposed diagnostic system can be applied to monitor the technical
condition of the modern automatic lines with dust extraction, which will contribute to a
better assessment of the investment costs.

In this article are presented theoretical as well as practical results obtained by
applying the method of fuzzylogic in the monitoring system of technical state of electric
drives and mechanical parts in equipment for woodworking.

MATERIALS AND TECHNIQUES

The manufacturing process of particleboard based graded density particleboards with
fine-grained surface requires miscellaneous equipment: processing machines, forming
stations, sanders, etc. Woodworking equipment is comprised of various units and
mechanisms, such as induction motors, mechanical transmissions, bearing units, etc.
According to analysis results, bearing units and induction motors are the units that most
often fail in particleboard production. Due to various types of fuzziness related to various
physical processes in equipment, the fuzzy set theory should be applied for making
decision regarding the technical condition of the equipment. This theory allows adequate
taking into account the available types of fuzziness. The fuzzy set apparatus enables
analysis of technical condition of various components — mechanical, electromechanical,
electrical and electronic ones (NIKITIN — ABRAMOV 2011).

Reliability analysis of woodworking equipment in particleboard production over the
past 5 years revealed, that considerable proportion of failures occurs due to wear of rolling
bearings, chain drives and electric motors, while the utilized time of the units does not
exceed 50 % of the guaranteed life and 18.2 % of the overhaul life. At the same time,
practice of the equipment operation shows that under favorable conditions (high-quality
assembly work, compliance with operating and maintenance rules, etc.) the bearing units
are able to fully utilize their guaranteed-, overhaul- and even total designed life.

According to the analysis results of woodworking equipment failures, temperature
and vibration are informative diagnostic parameters. Relationships between failures and
diagnostic parameters have been analyzed. A rule base of a fuzzy logic system has been
built for evaluating the technical condition of the units.

A bar chart in Fig. 1 represents the results of a statistical analysis of woodworking
equipment (equipment of BISON WERKE company) repairs conducted in 2008-2012.

One can see in the chart that rolling bearings and rubber seals in various machine
parts are the most often failed and consequently the most frequently serviced units. Other
units, listed in the descending order of failure rates, are: chains, gearboxes, rollers,
sprockets, belts, induction motors. Chains, rollers, sprockets and belts do not require any
special equipment for diagnostics. Failures in these units result from wear and can be
easily recognized visually, by the amount of chain slack that depends on the rate of the
wear. Therefore, diagnostics of bearing units and induction motors is of particular
importance in particleboard production.
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Obr. 1 Pocetnosti oprav vyrobného zariadenia - brisky: 1-—ret’azové koleso, 2 — prevodovka, 3 — lozZiska,
4 — tesnenia, 5 — ret’az, 6 — indukény motor, 7 — remen, 8 — kladky.

Fig. 1 Number of manufacturing equipment repairs of a sander machine: 1 — sprockets, 2 — bearings, 3 —
gearboxes, 4 — seals, 5 — chains, 6 — induction motors, 7 — belts, 8 — rollers.

For reliable recognition of the condition of bearing units and motors in particleboard
production a diagnostic system should provide diagnostic measurements in a wide
frequency range covering not only a shaft rotation frequency and its harmonics, but also
characteristic frequencies related to other parts of machine: bearings, gears, seals.

It has been chosen a rather wide range of vibration acceleration values (6.3 — 1250
Hz) in which the failures of diagnosed equipment units may occur. An example of a
monitored object, an induction motor of a sander machine, is shown in Fig. 2.

Grinding plates is carried out on wide sander machine (model BWS 6/190 BISON
WERKE company). Grinding width is 1900 mm. Induction motor power is 90 kW,
synchronous speed of motor is 1500 rpm. Plate feed speed is 20 ms'. Vibration
measurement was performed on the stationary part of the motor during grinding
operations. Plate feed rate is 20 ms™.Cutting depth of particleboard is 0.2—0.8 mm.

Obr. 2 Indukény motor brusiaceho stroja.
Fig. 2 Induction motor of a sander machine.
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A soundmeter and vibrometer OCTAVA 110A-Eco was used for diagnostic data
acquisition. The device allows real-time data collection and their storage in a binary file.
The file can be later converted to .txt or .xIs format by Signal+ application. The data are
separated by frequency and time. Low frequency vibration range includes frequencies from
6.3 to 12.5 Hz. Medium frequency vibration range includes frequencies from 12.5 to 630
Hz. High frequency vibration range includes frequencies from 630 to 1250 Hz. The
measurement data are processed by a MatLab-based fuzzy logic system.

Parameters of input linguistic variables for the “MOTOR” fuzzy logic system are
listed in Table 1.

Tab. 1 Parametre vstupnych lingvistickych premennych fuzzy systému “Motor”.
Tab. 1 Parameters of input linguistic variables for the “MOTOR?” fuzzy logic system.

Low vibration | Middle vibration High vibration
level (L) level (M) level (H)
Low frequency vibration range (LFVR) 75-95 dB 85—-110 dB 100—115 dB
Medium frequency vibration range (MFVR) 85-110dB 90-115 dB 105-125dB
High frequency vibration range (HFVR) 100-115dB 105-130 dB 120-135dB

A trapezoidal function is used as a membership function for input and output
linguistic variables, since the maximum compliance level is reached rather quickly and
with several values. Technical condition z of a unit (a motor or a bearing) is defined by the
output linguistic variable as follows:

z is L (the unit (motor or bearing) is in serviceable condition), if 0 <z <0.4.
Z is M (the unit has minor defects), if 0.3 <z <0.7.
z 1s H (the unit is in fault condition), if 0.6 <z <1.

The fuzzy logic system evaluates the technical condition z of a unit (a motor or a
bearing) according to measured and temperature and vibration data and their trend.
The value of T linguistic variable (temperature) is defined as follows:
T is L: temperature less than 75 degrees Celsius.
T is M: temperature from 75 to 95 degrees Celsius.
T is H: temperature is above 95 degrees Celsius.
The value of D linguistic variable (vibration trend) is defined as follows:
D is L: no increase in vibration amplitude within the specified time span.
D is M: slight (up to 10 dB) increase in vibration amplitude.
D is H: considerable (over 10 dB) increase in vibration amplitude.

Technical condition z of the unit (motor or bearing) is defined by the following
constructed rules:
If (TisL)and (LFVR is L) and (MFVR is L) and (HFVR is L) and (D is L) then (zis L)
If (Tis M) and (LFVR is L) and (MFVR is L) and (HFVR is L) and (D is L) then (z is M)
If (Tis L) and (LFVR is M) and (MFVR is L) and (HFVR is L) and (D is L) then (z is M)
If (Tis L) and (LFVR is L) and (MFVR is M) and (HFVR is L) and (D is L) then (z is M)
If (TisL)and (LFVR is L) and (MFVR is L) and (HFVR is M) and (D is L) then (z is M)
If (Tis L) and (LFVR is L) and (MFVR is L) and (HFVR is L) and (D is M) then (z is M)
If (T is H) then (z is H)
If (LFVR is H) then (z is H)
If (MFVR is H) then (z is H)
If (HFVR is H) then (z is H)
If (D is H) then (z 1s H)
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RESULTS AND DISCUSSION

An example of vibration acceleration measurements of induction motor of a sander
machine is shown in Fig. 3. The data are not sufficiently informative and do not allow
estimation of technical condition change of the motor. One can observe scattering of
vibration acceleration data at low frequencies, while the values at medium and high
frequencies are rather stable.
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Obr. 3 Vysledky merania vibracii motora brisiaceho stroja v tretinooktivovych frekvenénych
pasmach.

Fig. 3 Results of vibration acceleration measurement of motor of a sander machine (in one-third octave
bands of vibration frequency).

Results of the motor technical condition evaluation using the fuzzy logic system are
shown in Fig. 4. Initial condition: temperature is 42 degrees Celsius, vibration acceleration
at low frequencies is 76.8 dB, in the medium range — 111 dB, at high frequencies — 114 dB,
vibration trend is 0. Result produced by the fuzzy logic system regarding the technical
condition of the induction motor of a sander machine: minor defects (0.5).
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Obr. 4 Vysledky hodnotenia technického stavu elktromotora brusiaceho stroja.
Fig. 4. Evaluation results of the electric motor of a sander machine.

Analysis of technical condition of the sander motor shows that the unit is in
satisfactory condition. However, it can be seen that the vibration level approaches the
upper limit at high frequencies. There is a high probability of the unit failure in the near
future. Indeed, shortly afterwards the electric motor of a sander machine was sent to
repairs.
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CONCLUSION

A logical-linguistic model for induction motors and bearings of the woodworking
production line has been developed. The model defines relationships between the technical
condition of a unit and the vibration level in various frequency ranges. The diagnostic
model for induction motors and bearings is based on fuzzy logic and includes five input
variables (temperature, vibration levels in low-, mid- and high-frequency ranges and the
vibration trend) and one output variable (technical condition of the diagnosed unit:
serviceable, incipient failure or fault). A rules base of the fuzzy logic system has been
developed.

Monitoring of technical condition showed that during the reporting period (2.5
months) the vibration level of induction motors and bearings of woodworking equipment
remained practically unchanged (1-2 % at average, not more than 6 %). However, some
units can reach the ultimate limit state, for example the induction motor of a sander
machine.

Experimental studies have confirmed the adequacy of the logical-linguistic model for
the induction motor and bearing diagnostics. A direction of further research will be
improvement of the model accuracy for chosen object. The model will include 24 input
linguistic variables corresponding to the one-third octave bands of vibration frequency and
24 input linguistic variables describing vibration trends. For induction motors, additional
input linguistic variable will be used for electric current values.

REFERENCES

CAMERON, J.R., THOMSON, W.A., DOWw, D. 1986. Vibration and current monitoring for detecting
airgap eccentricity in large induction motors. In IEE Proc. B 133, 1986, s. 155-163. ISSN 0143-
7038.

CowAN, R.S., WINER, W.0. 2013. Handbook of Technical Diagnostics: Fundamentals and
Application to Structures and Systems: Machinery Diagnostics. Springer Berlin Heidelberg,
2013, s. 387-410. ISBN 978-3-642-25849-7.

DOVBAN’ S.N., VESELOV O.V. 2012. Technical diagnostics of electromechanical systems based on
the analysis of distorted output signal. Automation and Remote Control. 73(11): 1902—-1909. ISSN
0005-1179.

HETMANCZYK, M.P., SWIDER, J.A. 2014. Selected vibrational symptoms in transient states of AC
drives. International Journal of Dynamics and Control. February 2014. ISSN 2195-268X.

MICIETA, B., STOLLMANN, V. 2009. Design and Improvement of Production Processes, Daaam
international scientific book 2009, Vol. 8, Editor: B. Katalinic, hard cover, Publisher DAAAM
International Vienna, Vienna, 2009. ISSN 1726-9687. ISBN 978-3-901509-69-8.

HUGHES, A. 2006. Electric motors and drives fundamentals, types and applications. Elsevier
Linacre House, Oxford, 2006. ISBN 978-0-7506-4718-2.

KOSCIELNY, J.M. 2004. Models in the Diagnostics of Processes. Fault Diagnosis. 2004, s. 29-58.
KRISHNAN, R. 2001. Electric motor drives: modeling, analysis and control. Prentice Hall, Upper
Saddle River, 2001. ISBN 0-13-09110147.

KURFESS, T.R., BILLINGTON, S., LIANG, S.Y. 2006. Advanced Diagnostic and Prognostic
Techniques for Rolling Element Bearings. In Condition Monitoring and Control for Intelligent
Manufacturing. Springer Series in Advanced Manufacturing. Springer London, 2006, s. 137-165.
ISBN 978-1-84628-268-3.

KVIETKOVA, M., BARCIK S. 2011. Impact of technical-technological factors to accelerate the
mechanical vibration during machining CNC milling machine. In: Enterprise Management, VPS
Slovakia, s. 37— 47. ISSN 1338-4104.

102



LEE, Y.S., KiM, Y.W. 2007. Condition monitoring of induction motors for vertical pumps with the
current and vibration signature analysis. Experimental analysis of nano and engineering materials
and structures. Springer, Dordrecht, 2007, s. 419-420. ISBN 978-1-40206-238-4.

NANDI, S., TOLIYAT, G.A. 1999. Condition monitoring and fault diagnosis of electrical machines—
a review. In 35th IEEE-IAS annual meeting, vol 1, 1999, s. 197-204. ISSN 0197-2618.
PENNACCH], P. et al. 2011. Bearing Fault Diagnostics Using the Spectral Pattern Recognition. In
Vibration Problems ICOVP 2011. Springer Proceedings in Physics Volume 139, 2011, s. 643-648.
ISBN 978-94-007-2068-8.

REILLY, T. 2011. A Review of Signal Processing and Analysis Tools for Comprehensive Rotating
Machinery Diagnostics. In Rotating Machinery, Structural Health Monitoring, Shock and
Vibration, Volume 5 Conference Proceedings of the Society for Experimental Mechanics
Series. 2011, s. 463—479. ISBN 978-1-4419-9427-1.

STEPANOV, P., NIKITIN, Y. 2014. Diagnostics of Mechatronic Systems on the Basis of Neural
Networks with High-Performance Data Collection. In Mechatronics 2013: Recent Technological
and Scientific Advances. Springer Intrenational Publishing Swizerland, 2014, s. 433—440. ISBN
978-3-319-02293-2.

SWIDER, J.A., HETMANCZYK, M.P. 2011. The computer integrated system of control and diagnosis
of distributed drives. Silesian Technical University Publishing, Gliwice, 2011.

NURIEVA, E., NIKITIN, Y. 2012. Inteligentny diagnosticky systém mechatronickych modulo. Acta
Facultatis Forestalis, Zvolen. 2012. 54(1): 3—176. ISSN 0231-5785.

NIKITIN, Y.R., ABRAMOV, LV. 2010. CNC machines diagnostics. In Proceedings 13-th
International Simposium on Mechatronics. 2010. Trencinske Teplice, Slovakia, s. 89-91. ISBN
978-80-8075-451-8.

NIKITIN, Y., ABRAMOV, [. 2011. Mechatronic modules diagnosis by use of fuzzy sets. In
Proceedings of 14-th International Conference on Mechatronics. 2011. Trencinske Teplice,
Slovakia, s. 109-111. ISBN 978-80-8075-476-1.

Acknowledgements

The study on the subject “Development of intelligent control and diagnostic systems of
mechatronic drives” has been made with financial support from the Ministry of Education and
Science of the Russian Federation within the framework of the governmental task and VEGA
1/0931/13 project of the Ministry of Education, Science and Sports of Slovak Repubic.

Author’s addresses

Ivan Abramov, DSc in Engineering, Professor
Department of Mechatronic Systems
Kalashnikov Izhevsk State Technical University
7 Studencheskaya St.

426069 Izhevsk, Russia

e-mail: abramov(@jistu.ru

Yury Nikitin, PhD in Engineering, Associate Professor
Department of Mechatronic Systems

Kalashnikov Izhevsk State Technical University
Studencheskaya 7

426069 Izhevsk, Russia

e-mail: nikitin@jistu.ru

103



Oksana Zorina, Senior Lecturer

Department of Mechatronic Systems
Kalashnikov Izhevsk State Technical University
Studencheskaya 7

426069 Izhevsk, Russia

e-mail: oxana-09@mail.ru

Pavol Bozek, PhD, Associate Professor

Institute of Applied Informatics, Automation and Mathematics
Faculty of Materials Science and Technology

Slovak University of Technology

Hajdoéczyho 1

917 24 Trnava, Slovakia

tel. +421 906 068704, mob. 00421 903 240 686

e-mail: pavol.bozek@stuba.sk

Pavel Stepanov, Postgraduate, Senior Lecturer

Department of Control Automation

Novouralsk Technological Institute (Branch of National Research Nuclear University
“MEPHI”)

Lenin 85

624130 Novouralsk, Russia

e-mail: push-tet@mail.ru

Vladimir Stollmann, PhD, Associate Professor

Department of Forest Harvesting, Logistics and Amelioration
Faculty of Forestry

Zvolen Technical University

T. G. Masaryka 24

960 53 Zvolen, Slovakia

e-mail: stollmannv@tuzvo.sk

104





