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ABSTRACT

Th e paper aims at pointing out the infl uence of technological parameters (technological 
conditions of woodworking, kind of wood) on surface quality at plane milling of poplar wood. 
Th is paper reports the diff erences in surface quality between juvenile and mature poplar wood 
depending on cutting speed and feeding speed. It was shown that the better surface quality arises 
by processing of juvenile wood in comparison with mature wood.
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INTRODUCTION

Th e quality of machined surface is characterized by the accuracy of its manufacture with respect to 
the dimensions specifi ed by the designer. Every machining operation leaves characteristic evidence on 
the machined surface. Th is evidence in the form of fi nely space micro irregularities is left by the cutting 
tool. Each type of cutting tool leaves its own individual pattern which therefore can be identifi ed. Th is 
pattern is known as surface fi nish or surface roughness (Cyberman education page 2007).

Th e juvenile wood achieves diff erent values of physical and mechanical properties. Th e eff ect of 
changed wood properties on their processing is supposed. It is important to know the particularities 
of juvenile wood, mainly the diff erent quality which wood processors will have to prepare for. After 
recognizing the diff erences of juvenile wood, it will be possible to eliminate disadvantages or to 
utilize the positive properties properly.

Th e wood surface roughness directly concerns the fi nal use of wood products. If its surface 
roughness is known, its quality for a specifi c function can be determined. Also the machining 
parameters or the tools can be changed to enhance productivity and increase quality of wood 
products by a continuous control of the surface roughness (Aguilera and Martin 2001). 

Th e surface roughness is geometrical property of surface and it do not exists methods and means 
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at its direct measurement. Th ere are measuring an appropriate characteristics and parameters, what 
they are considered by criteria of surface roughness. Th e standard STN EN ISO 4287 (1997) goes 
from profi le method at evaluation of surface pattern, i. e. it evaluates the surface from profi le of 
surface, i. e. from line, what it rises by cut of the real surface by the defi nitive plane.

Th e height, shape, arrangement and direction of surface irregularities (surface roughness) on 
the workpiece depend upon a number of factors such as (Cyberman education page 2007): 

• The machining variables which include cutting speed, feed speed and depth of cut
• The tool geometry
• Workpiece an tool material combination and their mechanical properties
• Quality and type of the machine tool used
• Auxiliary tooling, and lubricant used
• Vibrations between the workpiece, machine tool and cutting tool.

Ones of the most important factors are technological conditions of cutting process (cutting 
speed, feed speed) and properties of workpiece (juvenile and mature wood). 

Juvenile wood is defi ned as wood, which is formed in the fi rst years of tree growth and which 
is found around the pith. Main recourses of juvenile wood are plantations with fast-growing trees. 
In Slovakia approximately 50 000 m3 of pine wood and 60 000 m3 of poplar cultivars (hybrids) with 
rotation period from 17 to 35 years are obtained by this method. 

Th e juvenile wood in hardwoods is characterized by (Juvenile and reaction wood): two times 
shorter cells than in the mature wood, narrower wood cells – lower density and strength, smaller 
amount of latewood cells, higher occurrence of spiral grains, higher longitudinal shrinkage, higher 
portion of lignin, lower portion of cellulose, higher compression and tensile strength, lower tearing 
strength.

Juvenile zone of Populus tremula L. was estimated to be 10 growth rings around the pith in 
breast height on the basis of visual method in combination with other measured physical and 
mechanical properties. Th e measured values of some physical and mechanical properties of Populus 
tremula L. are shown in Tab. 1 (Zobel and Sprague 1998).

Tab. 1: Overview of physical and mechanical properties – Populus tremula L. 

Much less has been found out on the eff ect of juvenile wood on solid woo products in the hardwoods. 
Th e low quality of juvenile wood is more marked in conifers than in hardwoods. Th e utilization of 
juvenile wood is increasing rapidly due to shorter harvesting rotations, more use of thinnings and better 
of top wood. Th e fast growing species can be harvested at young ages even when nearly all the wood is 
juvenile, without a serious loss of product quality (Zobel and Sprague 1998).

Property Juvenile wood Mature 
wood 

Tangential shrinkage [%] 5,5 6,2 
Radial shrinkage [%] 5,1 4,7 
Oven-dry density [kg.m-3] 331 364 
Specific gravity [kg.m-3] 297 322 
Modulus of elasticity 
[Mpa] 5776 7293 

Modulus of rupture 
[Mpa] 17,95 21,91 

Impact bending [J.cm-2 ] 1,9 3,2 
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MATERIAL AND METHOD

In experimental tests were used the samples from poplar (Populus tremula L.), which comes 
from the region Kováčovská dolina, the cadastre School Forest Enterprise, 375 m above sea level, 
in age 45 years, with 27 % portion of juvenile wood. 

Th ere were gained radial experimental specimens with length 1 m by mechanical manipulation 
of log and after drying and air conditioning 12±1 % of moisture content. 

Th e experimental tests were realized at spindle moulding machine with feeding device with 
stair-step change of feeding speed vf = 2,5 and 15 m/min and cutting speed vc = 30, 45 and 60 m/s. 
As tool was used shaper head with angular geometry – cutting edge angle βf = 45º and cutting face 
angle γf = 15°. By using of miller with cutting edge angle 45° and face angle 15° was measured the 
lowest energy demand of cutting process. For this reason this milling cutter was used at evaluating 
of surface roughness. 

Process of surface roughness measuring
Before measurement of surface roughness is determined the evaluation length on the basis of 

the maximum height of profi le Ry and sampling length according to the standard STN EN ISO 
4287 (1997). For our case the evaluation length is L = 40 mm.

Th e measurement of surface roughness was realized in Poznan University of Life Sciences. 
Th e stylus method was used to the evaluation of surface roughness. Th e device on measurement of 
roughness is grounded on inductive sensor Tesa TT 300. Th e parameters of device:

Compressive force ≈ 0,2 N,
Feed speed of probe 0,8 m.s-1,
Radius of contact tip 100 μm,
Step of sampling 0,08 mm
Th e measurement of surface roughness was realized on specimens with dimensions 

35  x  5  x  150  mm (width  x  thickness x length). Th e primary profi le was determined in three 
longitudinal lines on specimens. From primary profi le were evaluated the maximum height of 
profi le and arithmetical mean deviation of profi le.

Fig. 1: The device on measurement of surface roughness
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RESULTS AND DISCUSSION

Th e surface quality decreases when applying increasing feeding rate and rotation speed 
(Aguilera and Martin 2001). Th e other author state that the roughness will be reduced with a 
constant rotation speed and a small feeding rate (Lavery et al. 1995). Wood density has an infl uence 
on the surface roughness. If density is weak, then the roughness will be increased. Th e results of 
our measurements report:

Feeding speed
Th e surface quality decreases with increasing feeding speed. By feeding speed 15 m.min-1 the 

surface roughness achieves the higher values in comparison of feeding speed 2,5 m.min-1. Th ese 
courses we can obvious see in Figs. 2 to 5. Th e reason of decline of surface quality with increasing 
feeding speed: 

• The cutting tool removes a greater layer of material on one rotation.
• The greater tearing grains.
• The greater depth of wavelets.

Cutting speed
Th e infl uence of cutting speed on surface quality is not clear. At combination with feeding 

speed 2,5 m.min-1  the infl uence of cutting speed is weak. Th e diff erences of roughness value among 
the particular values of cutting speed are not very signifi cant. At combination with feeding speed 
15 m.min-1  it is much bigger aff ect of cutting speed on roughness. By feeding speed 15 m.min-1 
the surface quality improves with increasing cutting speed. Th e reason of improvement of surface 
quality with increasing feeding speed is caused by reverse characteristics as by the infl uence of 
feeding speed (present above).

Th e best value of surface roughness it was achieved by the combination of feeding speed 
2,5 m.min-1  and cutting speed 60 m.s-1. 

Wood properties
Th e arithmetical mean deviation of profi le Ra and the maximum height of profi le Rz achieve 

the lower values for the juvenile wood in comparison of the mature wood (for both feeding speed), 
as we can see in Figs. 2 to 5. So the juvenile wood is defi ned by better surface roughness.

Th e greatest diff erence between roughness of juvenile and mature wood is in combination of 
cutting parameters:

• feeding speed vf = 2,5 m.min-1, cutting speed vc = 45 m.s-1

• feeding speed vf = 15 m.min-1, cutting speed vc = 30 m.s-1

Th e diff erence between juvenile wood and mature wood is aff ected by the distinct anatomical, 
physical and mechanical properties of juvenile wood. Th e juvenile wood has shorter wood cells 
than the mature wood and then the unevenness after tearing grains is smaller. Th e lower strength 
characteristic of juvenile wood allows an easier dividing of wood elements, what it is evoked a lesser 
breaking of surface and herewith a better roughness.

In the most optimal combination of cutting parameters (vf = 2,5 m.min-1, vc = 60 m.s-1), the 
diff erence between roughness of juvenile and mature wood is not expressive.
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CONCLUSION

Th e measured values of roughness of the juvenile wood are lower than the mature wood. Th e 
obtained surface quality of juvenile wood is better even though the juvenile wood has worse physical 
and mechanical properties in comparison of the mature wood. Th e following or fi nal processing 
of juvenile wood is more and less identical than in mature wood. By using some combinations of 
cutting parameters the juvenile wood achieves even a better quality surface. Th e juvenile wood it 
not requires such a great stock removal in following woodworking operation. In fi nal woodworking 
of juvenile wood we can achieve the lower energy demand and all costs of process.

Juvenile wood as a material starting to process in wood industry have their particularities, what 
are need to know and prepare on them. It is necessary to count with their diff erent quality; therefore 
it can not be on every product. As well it is necessary to improve the primary application or to use 
the juvenile wood so that negative properties were eliminated.

Th e experimental measurements covered only the part of the problems. Th ey do not represent 
the complex solved question of plane milling of juvenile wood at given conditions. In general 
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Fig. 2: Arithmetical mean deviation of 
profile Ra at vf = 2,5 m.min-1 

Fig. 3: Arithmetical mean deviation of 
profile Ra at vf = 15 m.min-1 

Fig. 4: Maximum height of 
profile Rz at vf = 2,5 m.min-1

Fig. 5: Maximum height of 
profile Rz at vf = 15 m.min-1

WR_2_2009 11 Barcik.indd   5WR_2_2009 11 Barcik.indd   5 6/13/09   1:23 PM6/13/09   1:23 PM



114

WOOD RESEARCH

they are basic and supplementary material for further continuing of experiments focused on 
observation of other interaction parameters of plane milling process of juvenile wood. Th e aim of 
these experiments should be creation of the milling techniques with minimal energy output and 
improved machined surface, as well as economic valuation of material, equipment and technology.

AKNOWLEDGEMENT

Th e authors would like to thank the Grant Agency of Slovak Republic. Our paper arises within 
frame of Grant project 1/2403/05 with name: Research on relevant properties of juvenile wood in 
contact eff ects in the process of working with prediction of its technological aiming.

REFERENCES

1. Aguilera, A., Martin, P., 2001: Machining qualification of solid wood of Fagus silvatica L. 
and Picea excelsa L. cutting forces, power requirements and surface roughness. Holz als Roh- 
und Werkstoff 59: 483-488

2. Cyberman Education Page (Educational materials), Department of Mechanical Engineering, 
Michigan Technological University

 http://www.mfg.mtu.edu/cyberman/quality/sfinish/terminology.html
3. Juvenile and reaction wood – properties, University of Minnesota, Forest product management 

development institute. http://www.forestprod.org/cdromdemo/jr/jr3.html
4. Lavery, D.J., et al., 1995: Parameter affecting the surface finish of planed sitka spruce. Forest 

production 45: 45-55
5. Paulínyová, M.J, Kotlínová, M., Pivolusková, E., 2006: Chosen physical and mechanical 

properties of poplar juvenile wood (Populus tremula) In: Wood structure and properties ´06, 
Arbora Publisher, Zvolen, Pp. 7-12

6. STN EN ISO 4287, 1997: Geometrické špecifikácie výrobkov (GPS). Charakter povrchu: 
Profilová metóda – Termíny, definície a parametre charakteru povrchu

7. Zobel, B.J., Sprague, J.R., 1998: Juvenile Wood in Forest Trees. Springer-Verlag, Berlin 
Heidelberg. ISBN 3-540-04032-0

WR_2_2009 11 Barcik.indd   6WR_2_2009 11 Barcik.indd   6 6/13/09   1:23 PM6/13/09   1:23 PM



115

Vol. 54 (2): 2009

Assoc. Prof. Štefan Barcík, PhD.
Department of Woodworking 

The Faculty of Wood Sciences and Technology
Technical University in Zvolen 

Slovak Republic

Ing. Eva Pivolusková
Department of Woodworking 

The Faculty of Wood Sciences and Technology
Technical University in Zvolen 

Slovak Republic

Ing. Richard Kminiak
Department of Woodworking 

The Faculty of Wood Sciences and Technology
Technical University in Zvolen 

Slovak Republic

Assoc. Prof. Grzegorz Wieloch, PhD.
Department of Woodworking Machine and Basis of Machine Construction

Poznan University of Life Sciences
Poland

WR_2_2009 11 Barcik.indd   7WR_2_2009 11 Barcik.indd   7 6/13/09   1:23 PM6/13/09   1:23 PM



116

WOOD RESEARCH

WR_2_2009 11 Barcik.indd   8WR_2_2009 11 Barcik.indd   8 6/13/09   1:23 PM6/13/09   1:23 PM



<<
  /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 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /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 (None)
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


