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The present study treats the optimization process for a non-linear grinding system with dual time
delay, mainly from the energetic viewpoint. To this end, the stability of the grinding system is
investigated first with regard to the grinding wheel rotation speed. The concept of grinding energy
density is newly proposed as the primary figure of merit and this quantity is evaluated at various
stable and limit cycle conditions. The computational results show that simple monotonic trend in
energy density is observed under stable conditions, whilst rather complicated behaviors can
appear when the conditions are associated with limit cycle oscillations. Finally, the relations
between the vibration amplitude and the energy density and their implications on the engineering
decision/compromise are discussed.
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Table 1 Energy consumption in Korea industry field*

Year Manufacturing |[Nonmanufacturing| Total | Manuf.
(1000 toe) (1000 toe) (1000 toe)|/Tot. (%)
1995 57,625 5,321 62,945 91.5
2000 77,583 6,329 83,912 92.5
2005 88,485 5,881 94,366 93.8
2010 109,091 6,065 115,156 | 94.7
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Fig. 1 A schematic of the present cylindrical grinding

system
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Table 2 Parameter values used for calculating’

my, ms (Mg) 0.15, 0.1
ki, ks \/mm) 2x10%, 3x10*
¢y, o Is/mm) 110, 110
D, W (mm) 300, 50
vy mm/s) 150
K N/mm) 500
5 mm?) 200
75 Bs € 0.75,0.5,0.7671
0.025

0.019

S, (mm) s

0.006

T L - T
3500 6500 10000
o, (RPM)

Fig. 2 Linear stability region map
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Fig. 3 (a) Grinding power variations in stable region (b)

Grinding energy density variations in stable
region



ok

F=dUSS3X M 30¢ 535 pp.493-498

May 2013 / 497

3.2 E9MY HY (Stable limit cycle)
ot oA WA= Limit cycle 3 El 2

AY Hsol WA= +H =1 T8kl fsiA,

4 22 Supercritical Hopf bifurcation 21 (o, =
7000RPM, @, =3000RPM) 3} Cyclic fold bifurcation
(@, = 7T000RPM, o, = 8000RPM) A H oA A s}+=
Stable limit cycle & Harmonic balance method (HBM)
2 olg3te] Fohll: $AHA 4L FaAsA

o2 Slal 4 Qa)st ebyel AdEle] 7719
g RFRS 0,8 e 23} FFEY HY =

Fom ted ol e,

¥
x, (1) =Y. a, cos(nw,t) + b, sin(nayt) (5a)
n=0
N
)= Zaw cos(nayt) + b, sin(nwyt) . (5b)

n=0

714 a,,a,, b, b, (n=1 .N) < Fourier coefficient
=& Uthila, Ao b, & 00F ARSI,
21 (529t (SbyE 2 (2a)9t 2b)ol U EH Foureir
coefficientsS T& 3L, & S3l| Limit cycle
Fee] AE o] A= od 23S 7T
% 9l

olg A -3k Limit cycleol] 4], Fundamental harmonic

amplitude?! a, ol g 718 AR Y=E T3}

&1 31, Fig. 4(a)= Hopf bifurcation #] oA A3}E,

Fig. 4(b)i= Cyclic fold bifurcation ] &l A 9] 7}3-ol
UA Beo] ¥stE yetdith o, 9 31F o4
o] Mol AT A9 A2 =R THEE Ale
o] HEFo] BolAA HEH, o2l A5
T A WHEIE Holur] wiiel] E Aol
vl Al 3k oA o

Fig. 404 Yeptze] + A5
o] fﬂ'gwﬂ el 7bE gao] FobA

Ao o O I

B

o
1o
o g,
[
BN
e

q
Aol Fig. 4b)e] 2%

o IZ rlo o

A O b1 oHo X L 10 Ho o O o X
o
O
1
o
|
N
N
ol
)
0,
H

83.5+

P(J/mm’) o

82¢

a, (mm)
(b)

Fig. 4 (a) Energy density variations following the limit
cycle points generated from a super-critical Hopf
bifurcation point (b) Energy density variations
following the limit cycle points generated from a
cyclic fold bifurcation point

ol

LOO
T o A M

0,

oL l“N
wy 18 to

01]"17: Imtlal feedQ‘r ﬂé} sZ0 34
F5 7FE odluA "Ert Fopx = gk
£ A= Supercritical Hopf bifurcation?}
Cyclic fold bifurcation *] % . ZH-E] A3} Limit
cycle A HoA FolHT} Ge dux] URE 2t

[e) (e} 2O 2=
FAEAE S 7 ATk

o?‘z,
ol
32
£
M
ilh)
:‘_1‘
2
ot
o dB O 2 12 ox
HT ol
N

™
2
K

AL



st2NUTES|x| X 30 53 pp. 493-498 May 2013 / 498

AT L7 =N EAL
T} [10042651, oA
H@%S%*%M”HH7WPH

X
e
)

o (g
—U
g
_Lm

1. Meadows, D., Meadows, D., and Randers, J., “Limits
to Growth,” Universe books, 1972.

2. European Commision, http://ec.europa.eu/enterprise/
eco_design/workingplan.htm

3. Park, C., Kwon, K., Kim, W., Min, B., Park, S., Sung,
I., Yoon, Y., Lee, K., Lee, J., and Seok, J., “Energy
Consumption Reduction Technology in Manufacturing
— A Selective Review of Policies, Standards, and
Research,” International Journal of Precision
Engineering and Manufacturing, Vol. 10, No. 5, pp.
151-173, 2009.

. 2012 Handbook of energy statistics.

5. Werner, G, “Influence of Work Material on Grinding
Forces,” Annals of the CIRP, Vol. 27, No. 1, pp. 243-
248, 1978.

6. Inasaki, I., Karpuschewski, B., and Lee, H. S.,
“Grinding Chatter-Origin and Suppression,” CIRP
Annals-Manufacturing Technology, Vol. 50, No. 2, pp.
515-534,2001.

7. Grach, K., Pai, D. M., Ratterman, E., and Shaw, M.
C., “Grinding Forces and Energy,” American Society
of Mechanical Engineers, New York, 1987.

8. Kim, P, Jung, J., Lee, S., and Seok, J., “Stability and
Bifurcation Analyses of Chatter Vibrations in a
Nonlinear Cylindrical Traverse Grinding Process,”
Journal of Sound and Vibration, In press.

9. Chung, K. W. and Liu, Z., "Nonlinear analysis of
chatter vibration in a cylindrical transverse grinding
process with two time delays using a nonlinear time
transformation method," Nonlinear Dynamics, Vol.
66, pp. 441-456, 2011.

10. 10. Cai, G. Q., Feng, B. F., Jin, T., and Gong, Y. D.,
“Study on the Friction Coefficient in Grinding,”
Journal of Materials Processing Technology, Vol. 129,
pp. 25-29, 2002.




<<
  /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
  /CreateJDFFile false
  /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

  /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


