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Abstract

In the article authors presents results of study, which have on aim
qualification of technical state of rolling bearings with vibroacoustics
methods. Examined bearings were mounted in rollers of belt conveyor
working in coalmine. Research was conducted after certain time of rollers’
operation. For analysis were used vibrations signals, recorded in
laboratory, on special test stand. The basis of evaluations was changes in
signals caused by damages and wear of bearings.
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1. Introduction

Belt conveyors are the largest group of devices designed to
continuous transport. The largest application, about 80% length all
routs, falls on mining, in which conveyors provides to moving
winning. From remaining important branches of industry in which
belt conveyors find large application are metallurgy, heat and
power generating plants and the power stations.

Belt conveyors have simple construction, in which can be
specified: going and reversible barrels, barrels they stretch the
belt, and belt leading rollers. In dependence from length of
conveyor, the kind of transported material etc., number of rollers
can differ significantly, and cost of their exchange can make up
the different part in value of whole conveyor [2, 4, 8]. In
construction of rollers are used rolling bearings, which work in
very different conditions, depending on location of roller
installation in conveyor.

Having on attention that from number of rollers are depended
the losses of energy on rolling motion of the belt on jacket of
roller, also the friction of belt with the jacket of rollers, as well
overcome turn resistances of rollers, the aim of presented
investigations was verification of the possibility of rollers
diagnostics with use vibroacoustics methods. Only bearings in
good technical state guarantee possibility of reduction of conveyor
work costs.

Presented in article results of investigation come from
researches which were led on laboratory test stand. Various tests
are only the basis for the created database symptoms of the
technical condition of bearings mounted in rollers. The
measurements of jacket’s vibrations of rollers installed on
laboratory stand were conducted. Next, registered vibration
signals were processed with use different methods of analysis. The
comparison of results obtained for all of tested rollers allow
qualifying usability of wear rollers to further operation.

2. Research object

The object in presented research was rolling bearings mounted
in rollers of belt conveyor. The conveyor named Gwarek 1200 is
working in coalmine KWK Mystowice-Wesola and transporting
winning to output shaft on level 665 m. The length of conveyor
carries out 140 m. For driving of belt conveyor are used two
electric engines. Entire power of engines amounts to 180 kW. The
maximum efficiency of conveyor is 1200 t/h. Upper rollers in
presented belt conveyor was spaced every 1.5 m, while bottom
rollers every 3 m. With attention on number of rollers, assurance
of proper their technical state can contribute to lower consumption
of necessary energy to drive of belt conveyor [1, 5, 7].

In examined rollers were applied bearings 6305 ETN9 / C4,
produced by SKF with poliamid basket strengthened with glass
fibre [6, 12]. Rollers characterize the C4 class of seal in bearings

as well as the labyrinth seal U4Exp 62/65 with cover 2LU4. The
construction of belt roller is shown in Fig. 1.

Fig. 1. The construction of belt roller: 1 — jacket, 2 — bearing, 3 — labyrinth seal,
4 — cast iron hub, 5 — axle [9, 10]

During studies were used thirty rollers - 10 rollers ¢$133x670
and 20 roller $133x465. All rollers, with the exception of one
roller, were disassembled from belt conveyor working in mine and
have clearly visible symptoms of wear. One roller was delivered
to laboratory in new condition. Selected rollers are presented in
Fig. 2.

Fig. 2. First part of examined rollers

3. Procedure of testing

The aim of the study was to obtain information about the
influence of technical state of rolling bearings on jacket vibration
of the belt roller. Technical condition of bearings directly affects
to the resistance of rollers rotation.

In laboratory, condition of bearings may be assessed in many
ways. For example evaluation of sounds generated during
operation of the bearing is possible. The methods which use
traditional or electronic stethoscopes are subjective and not always
allowing for the proper diagnosis, because the sense of hearing
and the ability of its perception, tends to get used to the processes
that occur gradually.

In presented research was used method of evaluation of bearings’
technical state, in which are used analyses of vibroacoustic signals.
That eliminates subjective character of studies. On test stand was
conducted measurements of jacket vibrations.
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Vibration measurements of rollers’ jackets were carried out with
use acceleration transducers PCB. During the study was made
simultaneous measurements of linear accelerations of jacket on the
hub of bearing (Fig. 3). During measurements jacket was attached
in a manner preventing its rotation, while the drive is adjusted to
the axle direct from motor rotating at a speed ~650 rpm.

Fig. 3. Examined roller mounted on test stand

The signals were recorded with use 8—channel data acquisition
card EC VibDAQ. As a result of signal processing, taking into
account radial cylindricity deviation of jacket, was made filtration
of recorded vibration signals. In result was received the time
courses of vibrations caused by the work of the bearings.

Vibration acceleration sensors (standard ICP) allow registration
of vibrations with frequencies up to 10 kHz. The signals are
sampled at a frequency of 31.25 kHz, which allowed in
accordance with the Nyquist criterion for the registration of whole
range of vibration acceleration measured by sensors.

Like in preliminary research, described in [9, 10], changes in the
vibration signals caused by operational wear of bearings mounted
in roller were determined by a number of simple amplitude
measurements derived from time courses. Some of the measures
used in the study are listed below as formulas 1-5. The selection of
the measures was based on the basis of literature sources and the
practical experience of authors [9, 10]:

® mean square value:

1T,
w2 = lim — [x2(¢)de 1
T—)ooT(J; () ()

where: T — time of averaging, s

e RMS value:

XRMS = F(f)xz(t)dt (2)

e standard deviation:

3)
e variance:
v= lim %z[x(t)—;]z d )
e peak to peak value:
xp-p =| max (x(r))- min (x{r) (5)

In analyses were also determined values of dimensionless
discriminants:
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e crest factor

Cc=2P=P (6)
XRMS
e waveform factor:
K = YRMS )

1T
T ([)|x(t)| dr

e clearance factor:
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e impulsivity factor:
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Sample time course of vibrations of roller’s jacket was presented
in Fig. 4.
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Fig. 4. Time course of vibrations of roller’s jacket

4. Selected results of research

The basic information on the changes in the vibration signal
caused by operational wear delivers RMS value of vibration
accelerations. In Fig. 5 and 6 are presented the values of the RMS
of vibration accelerations of jacket selected rollers (right side of
rollers’ jacket). Figure 5 refers to rollers ¢133%670, whereas Fig. 6
to rollers ¢133x465.
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Fig. 6. RMS values of vibrations of selected rollers ¢133x465
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The high RMS values were obtained for three rollers: with
number 12 (roller ¢$133%x670), 2 and 6 (rollers ¢1331465). The
values were several times greater in comparison to values obtained
for the other rollers. That may result due, inter alia, from different
place of roller installation on the conveyor.

The comparison of not-averaged voltage time courses of
vibrations obtained during studies on roller number 2 and on new
roller is presented in Fig. 7.

08

—rollerno. 2
‘ ‘ \ new roller

o
@

S
IS

o
[}

Acceleration of vibrations [V]
5 o

S
IS

B
>

I
a.

10 20 30 40 50 60
Time [s]

Fig. 7. Voltage time courses of vibrations obtained for roller number 2
and for a new roller

5. Conclusions

With attention on scale of applications of belt conveyors, it
applies the high importance to reliability their construction [11].
Guidelines of evaluation technical state of rollers can prevent the
exchange of rollers whose condition allows further operation, as
well be a basis for a possible an exchange of worn rollers, which,
according to the current evaluation criteria for such an exchange is
not yet eligible [3].

The study shows that the operational wear of rollers affects on
the level of the generated vibrations. It is visible in simple
amplitude measures and in results (not presented in article) of
time-frequency analyses.

Additional laboratory tests carried out on rollers has shown that,
despite the significant differences seen in the vibration signal
caused by the occurrence of wear, most of them still have a low
static and dynamic resistance to rotation. Only rollers with
numbers 2, 6 and 12 were classified as unfit for further use.

6. References

1

—_—

Antoniak J.: Resistances to the motion in mining belt conveyors. Acta

Montanistica Slovaca. Ro¢nik 6, 2/2001.

Bartelmus W.: Diagnostyka maszyn gorniczych. Gornictwo

odkrywkowe. Wydawnictwo Slask, Katowice 1998.

Bukowski J., Gladysiewicz L., Krol R.: Tests of belt conveyor

resistance to motion. Maintenance and Reliability 3/2011.

[4] Golka K., Bolliger G., Vasili C.: Belt conveyors. Principles for
calculation and design. Southwood Press Pty Ldt, Australia 2007.

[5] Hager M., Hintz A.: The energy-saving design of belts for long
conveyor systems. Bulk Solids Handling, 13 (4). 1993.

[6] Katalog firmy SAG Sp. z 0.0.

[7] Krél R, Kisielewski W.: Wplyw kraznikow na energochtonnosé
przeno$nika tasmowego. Mining Science 2014; 21(2):61-72.

[8] Kulinowski, P.: Analytical Method of Designing and Selecting Take-
up Systems for Mining Belt Conveyors. Arch. Min. Sci. 2013. Vol.
58, No 4.

[9] Lazarz B., Gaska D., Opasiak T., Perun G., Pypno C.: Badanie
kraznikow firmy SAG. Praca ustugowo — badawcza U 624/RT2/2013.
Politechnika Slaska 2013-2014.

[10]Opasiak T., Perun G.: Testing laboratory the reinforced construction
rollers bearing hubs. Intern. Conference Transport Problems,
Katowice 2014.

[11]PN-M-46606:2010: Belt conveyor — Rollers.

[12] SKF Lozyska toczne. SKF 2013.

2

—

[3

—

Received: 23.04.2017 Paper reviewed Accepted: 02.06.2017




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


