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Abstract Machining performance is often limited by chatter vibration at the tool-workpiece interface. Chatter vibration is
a type of machining self-excited vibration which originated from the variation in cutting forces and the flexibility of the
machine tool structure. Cutting tooling method is one of major factor to chatter vibration in turning process. Even though
lots of cutting tooling methods are developed and used in machining process, precise analysis of cutting tooling effect in
view of chatter vibration behavior. This study presents numerical and experimental approaches to verify and effects of
various cutting tooling geometry and clamping method on the onset of chatter vibration. Acquired knowledge from this
study will apply the optimal geometry design of cutting tooling and adjusting of machining process.

Key words Chatter vibration, Turning, Tooling, CAE (Computer Aided Engineering), Finite element analysis

el AE oA o] 3 el SA AlEHCIA A

?ﬂ%ﬂiﬂhﬁ s - 7IAEA S, S5, 380-702
2014 11€ 244 HP)

20149 12€ 2 Arfgkg)

(20143 12€ 129 AAEA)

2 % BYUE 4754 ASHA PP BT, A GAFTE ol§F FAZEHANNS A
AEE obHE S A7k wol otk 53, 0% w3, 3AUs H1 dE AN AeRE] L3H
gandel g ok A7k Baslth & ApNE ol ZANE AAe] A AW TEELAL o8 A
AR AN ST FRaiad PEe o ge) Abg WEsh Fgol g F EYAE (uming centerol 4 Fx7] 4§
T 9 2ol 9AET EANG AUAE SAS Bolel, TrAY D B SH) B2 ARAEA] HRAL 4
o, FF ANE ALY FPALL 99 20 71 SAEE BERA Ak,
LM 2 S 71Aem od Qo] AE Aol THIANA
A5k Waragle] sqo] Brksdbl Hrk. o4 Al
ANV 5 FAES BABT Alold] 222 WS B ABS FAVAL S Polmel . FEe] 3
£ Ariese] Bebg el mgslel Ale AMT WY U@ 9P 0T o) diel Tl
AFL AY Aol FuH1). o 74F B2k Aol o] S WSk gle] A3 Fad g MR

[<)
SEL, IHGE A oR Hdet, e W Stk AjEe dieiAe XEe] EAske 2] HHel
=

AH7IE FsAA 715%%15% zﬁww Wk ol A B AT A3t HHEY SH3, 4] AHE 7H
VS P G BB S SEE k] WESl b S8R W g A

gqi AT AFHR0 WAA 0] oy THE A=
"Corresponding author Ha o AF7HAE AEAHA naixe] AdFel=
Tel: +82-43-841-5376 o]_Z_I] o]_g_;(] Ak A 9} L2 ?_'?'01]}\1% 7]% ] /\El‘o‘ﬂ-]?‘sl—

Fax: +82-43-841-5370 . - - 7=
E-mail: jawang@ut.ac.kr 584 (Kistler 9257B)E o|-&3l =43t dake o



A study on the chatter vibration characteristics simulation for cutting tooling of turning machine tool 275

Cutting force (N)
n
(=]
o
00
11. 02

=
53
=3
©

-1500

-2000

Cutting force (N)
u
o
o

-
o
=3
°

-1500

-2000

(b) cutting force on CNMG turning

064
128
192
256

32
448
512
576

64
7.04
768
832
896

o
0.88
152

Cutting force (N)
T
.

=
o
=3
©

-1500

-2000

(c) cutting force on SNMG turning

F(x)
Fly)
F(z)

F(x)
Fly)
F(z)

F(x}
Fly)
F(z)

Fig. 2. Comparison of measured cutting force signal for chatter

vibration analysis (S =500 rpm, f= 0.4 mm/rev).
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Table 1
Cutting force measurement results

TNMG CNMG SNMG  Unit

Principal force 908.5 868.0 775 .0 N
Radial force 130.0 322.5 357.0 N
Feed force 446.0 383 .0 231.0 N
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(a) Finite element model

B Fixed Support
B Force: 10204 N

(b) Boundary and load condition

Fig. 3. Finite element analysis for cutting tool chatter vibration simulation.
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Fig. 4. Geometric model of cutting tooling for turning process.
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Fig. 5. Total deformation distribution of each insert.

Table 2 Table 3
Material properties used in the FEM simulation Static FE analysis results
Steel (holder) Tungsten (insert) ~ Unit TNMG CNMG SNMG Unit

Density 7850 19300 kgm™ Von-Mises stress 44579 44285 40151 MPa
Young’s modulus 200 370 GPa Deviation of deformation 41.964 37302 35202 m
Poisson’s ratio 0.3 0.17 Principal force 37.031 36.146 32391 m
Yield strength 250 750 MPa Radial force 15.615 8.718 7374 m
Ultimate strength 460 980 MPa Feed force 0.528  0.556 0444 m
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Fig. 6. First and Second mode shape of each cutting tooling

method.

Table 4

Natural frequency of each cutting tooling method (unit: Hz)
Mode No. TNMG CNMG SNMG
1 2588.4 2617.1 2602.3
2 2926.0 3000.4 2936.3
3 3215.6 3259.9 3194.0
4 49474 4944.8 4929.9
5 5630.7 5638.2 5615.2
6 8243.3 8254.0 8567.4

Table 5
Dynamic FE analysis results of cutting tooling methods
TNMG CNMG  SNMG Unit
Total deformation 69.034  1.3517 1.3306 pm
Axial deformation 12242 0.011947 0.22562  pm
of principal force
Axial deformation ~ 27.811  0.28934 033666  pm
of radial force
Axial deformation ~ 0.35136  0.099014 0.014908 pm

of feed force

2} oA TNMGE 25884 Hz, CNMGE 2617.1 Hz,
SNMGE 26023 HzZ2 TNMGZ}F 7P @e FuleE
b=t} FTE AR S $A A g Aol
B9} Modal 14123 HwE|HGS W 12} B
o] IHRES ZF o]} AKX e AOZ Hol A

e we 4 U @ 4 ek

a7 }—6‘ Al gl Z”lo}—* 7RI gk S
Tl AEZEY FHEES dotEr] fsted, el
T3+ Modal OH}—\jZ—jJ/]’_;:_-‘ o]83)] Harmonic responseE
)| A4131A T, Frequency response 492 B3l 39
719} S Yol A¥, TNMGS] 797} 3000 Hz=
7P =& Fulgdo] YEREe™, CNMGE 2600 Hz,
SNMGE 2900 HzZ 3|41 ]3]t}

FF
10

Table SO ) sl B T8 80 S0
59 H57heE e 78 Rolth. A28 2t AMES] 4

O Wy TNMG7} 69.0342 mZ 7F¢ I CNMG
o] 51.074. SNMG®] 51.888j°l s}, 71xlo] <)%k
AE= TNMGE AHES BT QIMECA 7S Hol
tlul-/\g—g—]._A AL G oh;],

Ao E At 7R Al ARl A QA
E AMelo] AExlE B vX= dFS ¢7] fI8k]
359 AME EF B tigh Ao %%— gh8-3h 3
A 7S )

1) AAs|AeA Adag gt $ER2E7E TNMG >
CNMG > SNMG =22 Yehd AS & 5 ok

2) T4 9] 1, 22F 2= TNMG SNMG, CNMG
o] £o7 IFXEFIE UEReH, Fu-3EslA ol
A HoREE $8e =717 TNMG > CNMG >
SNMG £02 Ueht Ao s Hol TNMG 589 7%
Zddol 71 vrol Aol 7P & Aoz ERlg
AATE.

3) FTsEAE &83 57 Adolr TNMG £
oxe] Harwshrt 7 Zlom, WAshs AlE Rl



278 Joon Hwang

CNC 2t Aelel] mAls 9%

Ao %‘jf]o] kS
RIS & ATE EUE I H-58Es =d
T A= AHEH=Z(e hatter free) EHA|ZEH 7] o]
Ar+4A3E &85} gy,
2thle] 2

W ]

References

[1] G Totis and M. Sortino, “Development of a modular
dynamometer for triaxial cutting force measurement in
turning”, International Journal of Machine Tool & Man-
ufacture 51 (2011) 34.

[2] J.S. Kim, B.J. Seong and S.M. Jo, “The present status
and prospects of textile machinery industry”, Machine
and Materials 13(3) (2001) 87.

[31]

[4]

[5]

[6]

[7]

[8]

D. Yan, T.I. El-wardancy and M.A. Elbestawi, “A multi-
sensor strategy for tool failure detection in milling,” The
International Journal of Machine Tools & Manufacture
35 (1995) 383.

Fi.l. Compean, D. Olvera, F.J. Campa, L.N. Lopez de
Lacalle, A. Elias-Zuniga and C.A. Rodriguez, “Charac-
terization and stability analysis of a multivariable mill-
ing tool by the enhanced multistage homotopy perturbation
method”, The International Journal of Machine Tools &
Manufacture 57 (2012) 27.

C.K. Chang and H. Lu, “Design optimization of cutting
parameters for side milling operations with multiple per-
formance characteristics”, The International Journal of
Advanced Manufacturing Technology 32 (2007) 18.

V. Savas and C. Ozay, “The optimization of the surface
roughness in the process of tangential turn-milling using
genetic algorithm”, The International Journal of Advanced
Manufacturing Technology 37 (2007) 335.

J.I. Lee, C.W. Hong and J.H. Ryu, “Separation of Nickel
and Tin from copper alloy dross”, J. Korean Cryst.
Growth and Cryst. Technol. 24 (2014) 224.

J.Y. Lim, M.J. Yoon, T.H. Kim, S.Y. Kim and T.G. Kim,
“A study on the mechanical properties of structure
rolled steel and stainless steel for the CO, welding”, J.
Korean Cryst. Growth and Cryst. Technol. 23 (2013)
207.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


