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DYNAMICS OF THE TOTAL SYSTEM OF THE CIRCULAR
SAWING MACHINE

Roman Wasielewski — Kazimierz A. Orlowski — Jakub Sandak

Abstract

In the paper causes and effects of circular saw teeth position changes are presented. The
described measurement method of the circular saw blade dynamics allow the user to
determine vibration causes, and furthermore may be a basis of the circular saw blade
vibration minimization in an effective way.
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INTRODUCTION

Technical and economical effects of the sawing process of wood and wood-base materials

are dependent on accuracy of the circular saw teeth position in regard to a workpiece. In

circular sawing machines the spindle system is a part of the sawing system, which
substantially affects the circular saw teeth position. The accuracy of circular saw teeth
position in sawing process depends on two groups of factors:

- geometrical and kinematical accuracy of the whole spindle system (a circular saw
blade, a spindle and circular saw clamping system);

- deformations of the whole spindle system caused by acting forces (cutting forces,
back forces, feed forces, driving forces, and forces resulting from unbalanced
elements of the spindle system), and moreover thermal loads.

Due to the fact that in the whole spindle system the circular saw blade is the most flexible

element a decisive effect on the teeth position is just attributed to it exactly. For that reason

the most of disadvantageous sawing effects are ascribed to circular saw blade vibrations
whereas not pay much attention to the spindle dynamics is noticed.

Examination of the whole spindle system dynamics may allow the user of circular sawing

machines to understand dynamical phenomena occurred in the sawing system much more

better. Furthermore, results of this investigation could be a basis for the proper design of
circular sawing machines and their further maintenance.

TEETH POSITION IN THE ACTUAL SAWING SYSTEM

In the actual sawing conditions the whole sawing system constantly moves and
simultaneously undergoes a deformation. As a result, the working plane P, does not
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overlap with the assumed working plane (theoretical) P, (P, # P;) (Wasielewski and
Ortowski, 2008). An example of the actual sawing system of the circular sawing machine is
presented in fig. 1.

The direction and a value of the working (actual) plane P, deflection from the assumed
(theoretical) working plane P, is a result of both geometrical and kinematical inaccuracy of
the whole spindle system, and also its deflections caused by the acting forces. During the
sawing process the working plane P, may change its position. The most convenient
describing method of these changes periodicity (frequency) €, is to compare it with the
characteristic impact (input) periodicity (frequency) w, which a circular saw blade angular
velocity is in the sawing system (fig. 1). The circular saw blade angular velocity w is
calculated as:

w="" (D

where: n — circular saw blade rotational speed, rpm.
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Fig. 1. Actual sawing system of the circular sawing machine

Depending on the change periodicity of the working plane position €/, with relation to the
impact (input) periodicity (frequency) w, there could be distinguished three characteristic
types of deflections of the circular saw blade and the spindle system (fig. 2):

- while 2, << w, a manner of deflecting spindle system results from low-changeable
cutting forces (Wasielewski and Orlowski, 2008), which may cause circular saw blade
deflection (fig. 2Aa). In the second case a manner of deflecting spindle system arises
from spindle driving forces (Orlowski, 2005), which could deform the spindle system
(fig. 2Ba). In the both cases of low-changeable circular saw blade displacement
changes in the lumber thickness and form errors are observed;

- while Q/, = w, a manner of deflecting spindle system may result from an axial run out
of the circular saw teeth only or a clamping error on the spindle (Wasielewski 2005)
(fig. 2Ab). Moreover, it also can arise from the system unbalance when a centrifugal
force deforms the spindle system, and the spindle in this form of deflection swirls
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with the periodicity (frequency) @ (fig. 2Bb). Noticed irregularities of the sawn
surface, which recur in cycles with an every circular saw blade turn, are an effect of
these phenomena;

- while 2, > w, a manner of deflecting spindle system may result from either circular
saw blade vibrations (fig. 2Ac) or spindle system vibrations (fig. 2Bc). As an effect of
fast working plane position changes larger roughness of sawn surfaces is observed or
in some cases waviness (called often as a washboard pattern) on the workpiece might
occur (Tian and Hutton, 2001, Yokochi et al., 1990). The washboard pattern is present
if the tooth impact frequency f; is almost equal to the natural frequency of the saw
blade f, (f; has to be slightly larger than f,) (Tian and Hutton, 2001, Yokochi et al.,
1990). The tooth impact frequency of the circular saw, which has number of teeth
equal to z, is given by:

f="= (2)

However, in some cases the washboard pattern presence on the sawn surface is not
dependent on the tooth impact frequency (Yokochi et al., 1990), and this phenomenon
deals with a quasi washboarding phenomenon (Orlowski and Wasielewski, 2006).

a) 9]

Fig. 2. Characteristic deformations of circular saw blade (4) and spindle system (B)
while: a) Qr, << 0, b) Qp = 0, ¢) Qp > ®

The presented above characteristic deformations of the circular saw blade and the spindle
system appear in the actual cutting system every time together. However, the dominant
mode of deformation depends on the case of emergence and its intensity. In this connection
that every kind of deformation may be situated in a different plane of the spindle system,
their summation may increase or decrease a total deformation of the whole spindle system.
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THE TEST STAND AND METHODS

The experimental investigation of the spindle system dynamics was carried out on the
standard circular sawing machine equipped with measurement systems. The scheme of the
examined spindle system and positions of the measurement sensors are presented in fig. 3.
For measurements two directions of sensor locations were chosen. In direction of the belt
transmission collar axial displacements were measured with the sensor O1, and with the
sensor P1 radial displacements of the collar were determined. Additionally, axial
displacements of the collar were measured with the sensor O2 in the direction
perpendicular to the belt transmission direction. Placing sensors O1 and O2 on the collar
rim allowed us to assume that displacements measured by them are caused by the spindle
dynamics itself and are not an effect of the collar clamped circular saw blade. Furthermore,
in the direction the belt transmission the sensor OZ was placed, which registered signals
from the element Z. The latter played a role of the marking gauge of the angular position
for other measured values. Additionally with the sensor O3 axial circular saw blade
displacements, at the rim just below the gullets, were measured.
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Fig. 3. Scheme of the investigated circular sawing machine spindle system and sensors positions
(01, 02, O3 and P1 — eddy current displacement sensors, OZ — inductive sensor

RESULTS

In figure 4 cumulative measurement results are presented for the complex evaluation of the
effect of the rotational speed upon the spindle system dynamics. For each measurement
signal, in a function of the rotational speed the maximum and the minimal range value
(fig 4a) from the analysed signal average value are shown. The latter values are presented
in fig. 4b. The maximum and minimal range values from their average value correspond to
either the spindle radial run out or the spindle axial run out. Changes of the average signal
values are a measure of the spindle system deflection value.
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Fig. 4. Cumulative measurement values in a function of the converter frequency, obtained with
sensors Ol, O2, Pl and O3 presented as: a) maximum and minimal range values from their
average value, b) signal average values
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Fig. 5. Maximum values of the total circular saw blade displacement (at the rim below gullets, sensor
03), circular saw blade displacements measured close to the clamp collar (sensor Ol),
displacements form the sensor Ol reduced at the diameter of the sensor O3 position (signal Ol
multiplied by the ratio R2/R1) and pure circular saw blade vibrations (subtraction result of signals
03 and O1 multiplied by the ratio R2/R1)

Total axial circular saw blade displacements, measured at the rim just below the gullets
(signal from the sensor O3), are a sum of both circular saw blade vibration and the spindle
system deformations (fig. 5). The pure circular saw vibrations, which results from relative
displacements of the circular saw blade and clamp collars, may be determined as a result of
subtraction of the total axial circular saw blade displacement (signal from the sensor O3)
and a value of the spindle system deformation determined at the diameter of the sensor O3
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position under the assumption that the circular saw blade is rigid. This value may be
determined from the displacements measured close to clamp collars (sensor O1) multiplied
by the ratio of sensors O3 and Ol radii R2/R1 (fig. 5). Obtained results presented in fig. 5
revealed that in the examined system the spindle system has a crucial bearing on the
circular saw blade manner, whereas the effect of circular saw blade vibrations is rather
slight.

SUMMARY

The carried out analyses and experimental investigation of the whole spindle system

dynamics of the circular sawing machine have revealed that:

- the spindle and the clamping system have a decisive bearing on the circular saw blade
manner;

- in the investigated circular sawing machine pure circular saw blade vibrations resulted
from relative displacements of the circular saw blade and clamp collars constituted
~20% of the total circular saw blade displacements

REFERENCES

ORLOWSKI K., 2005: Analyses of static displacements of a spindle applied in typical
circular sawing machines. Annals of Warsaw Agricultural University: Forestry and Wood
Technology. No 57, pp 101-105.

ORLOWSKI K., WASIELEWSKI R., 2006: Study washboarding phenomenon in fame
sawing machines. Holz als Roh- und Werkstoff. Vol. 64, No 1, pp 37-44.

TIAN J.,, HUTTON S.G., 2001: Cutting induced vibration in circular saws. Journal of
Sound and Vibration Vol. 242, No5, 907-922.

WASIELEWSKI R., 2005: Clamping precision of a circular saw blade on a spindle of a
sawing machine. Annals of Warsaw Agricultural University: Forestry and Wood
Technology. No 57, pp 297-300.

WASIELEWSKI R., ORLOWSKI K.A. 2008: 2 kapitola: Wybrane przyczyny
niedokiadnosci przecinania pilami. (In Polish: Chosen causes of sawing inaccuracies). In:
Vplyv techniky na kvalitu deleného a obrabané¢ho dreva. Vedecké studie 2/2008/B. / ed.
L. Dzurenda / Technickd univerzita vo Zvolene Drevarska fakulta. Zvolen : Tech. univ. vo
Zvolene, pp 27-54.

YOKOCHI H., NAKASHIMA H., KIMURA S., 1990: Vibration of circular saws during
cutting 1. Rotating speed and limitation of amplitude for self-excited vibrations. Journal of
the Japan Wood Research Society, Vol. 36, pp 1050-1056.




<<
  /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


