Journal of the Korean Society of Manufacturing Technology Engineers 22:4 (2013) 658~664

Http.//dx.doi.org/10.7735/ksmte.2013.22.4.658

ISSN 2233-6036

2™ AZo|olEE 0|8F £7F 55 WA 2yH 7| xAT
by, TEIT, ST

Study of Active Damping Boring Bar Using Piezoelectric Actuator for
Small Boring Process

Yang-Yang Guo®, Jun-Hee Hong", Doo-Sang Song’

“ Department of Mechanical Engineering, Chungnam National University, Republic of Korea
" Dae Myung Tech, 1360, Gwanpyeong-dong, Yuseong-gu, Daejeon Chungnam, Republic of Korea

ARTICLE INFO ABSTRACT

Article history:

In this paper, we present a case study of vibration suppression basedon the

Received 1 April 2013 application of active damping to the small boring process of a boring bar
Revised 30 July 2013 with diameter below ®12. The proposed active damping system consists of
Accepted 6 August 2013 an acceleration sensor for real-time monitoring of the vibration signal, a
driver for phase control in a computer program, and piezoelectric actuators
Keywords: . . . . .
A . for damping. In this system, the vibration signals are detected by the
cceleration sensor t . )
o acceleration sensor and sent to the computer as an input. The phase shift
Data acquisition board . . .
parameter of the natural frequency of the input signal is sent to the data
acquisition board in the computer and calculated by the phase control
program. This study confirmed the effectiveness of this damping system, and
it opens up the possibility of the development of active damping systemsfor
small boring processes.
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Table 1 Technical data of piezo actuator

Type osi-stack Pst 150/2*3/5

Ceramic cross-section (a*b/mmz) 2*3
Length L (mm) 5
Capacitance (nF) 70
Resonance frequency (kHz) 150
Stiffness (N/xm) 45
Blocking force (N) 300
Max load force (N) 300

Max voltage (V) 150 (DC)

Fig. 9 Examination of the sample-1 with damping

Fig. 10 Examination of the sample-2 with damping
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Table 2 Technical data of accelerometer

non-damping(sample-1)|

Unit 8640A10 &1
Acceleration range g +10 “ “i
s L
Acceleration limit epk +16 A [T TTv—
% 04 ‘ |||Ll4l |WNWW
Threshold (1~10 kHz) grms 0.00016 g 2] ”;-',U'
Sensitivity (£10%) mv/g 500 -4
Resonant frequency kHz 17 57
Frequency (+5%) Hz 0.5~3000 1 T T T T T T
0.00 0.02 0.04 0.06 0.08 0.10 0.12
Sensing element Type Piezo-Beam Time(sec)
Mass grams 3.5 (a) Non damping
Mounting torque, stud Ibf-in 6.5 .
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Fig. 12 Before and after damping for the sample-1

— 5-40 UNC-2B mounting hole
1}

\

'@ J—MMM non-damping(sample-2)
5
Fig. 11 A sketch of accelerometer ;g
z
Fig. 113 231 7)1 A% Table 29} 2t
e 2o YE A5l 0|88 FAL ol el 34 A %
AS B8 AL A AL 71Z0R 19914 21 V Aele] o] =N s
£ H3to] 20 V (pick & pick)oll 243 40 AL 35} (2) Non damping
Stk ;
[~ damping(sample-2)]
3.2 Mg
Fig. 12¢} Fig. 132 A&-13} AZ-20 Uslo] $4dAlo] 2271 z
A2 AR 4 Aololglol] vk B2 17 AEE SbE
HAE 53 293 Aolth, mebd) AsE k) 47 52 (o) )
o ()= Wrolon 4o is gRlsly] Hste] AZY % (time
domain) &= EH3IGTE £ Fig. 149} Fig. 15€ FFT £4< o e e S S g
53 02| 71212 W] 93 THAEF) 73 Frequency -
domain)2.2 E &3 (b) damping
A & (signal wave)dl Tt I3 of 932 AL 32717} 1029 Fig. 13 Before and after damping for the sample-2

662



Journal of the Korean Society of Manufacturing Technology Engineers 22:4 (2013) 658~664

0.30 4

—=— sample1(damping)
—A— sample1(nondamping)

0.25 4
0.20
0.15 4

0.10 4

Amplitude(V)

0.05

0.00

T T 1
400 450 500

Frequency (Hz)

300 350

Fig. 14 Compare damping with non-damping for the sample-1

2.0+

—a— samlple2(damping)

] —a— samlple2(nondamping)

1.6
14]
12
1.0

0.8

Amplitude(V)

0.6
0.4
0.2

0.0 o

-0.2
380

T T T 1
420 430 440 450

Frequency(Hz)

T T T
390 400 410

Fig. 15 Compare damping with non-damping for the sample-2

Fig. 123} % °]
40 mS°ﬂ"1 AT -

oo

ZHE AE-19) 74 Nzte] AE-29 wis) &2

9]¢}
VIS

29, 129 714 oy 4
PN 20%;“4 14 A %o

Fig. 14$} o] A&
om Fig. 159} 7o) o= 17.6% 7245
£ 289 4 () 2ol

Fig. 149} Fig. 15014 7:2]€ *J
288! o) g3t} Z4fulE 7oA AE-19 B¢ €=0.032, 4
229 A$E £=0.023 o|t}. ¢71A4 -19] Z1Z 47 A

=g

T7F

L
= 45

2200 W wEd Ao® yegh.

wpebA R AollolBlE AT AE-10 et Y ZHES
ojgh AR 40 mm7} Hute] HPE Ask=t] oA AE
-291 80 mm Bt} 23S Slaiglth. w2284 o] 820

Z T 7Y ZHEY

et

B A HEFL DY

pas

663

-

fa

459l 4
st whge
277

Al /\]

2L

e

(1) g12R3ne] W53
oJEle] A §1A|7} o]

40 mm 410 S Aol ol
A3 w3 Aol 24470 60
7499,

AF0] 20% A&

@

msE
(3) =¥ FFT &4 2% F3 % 3= 3l

uEkA 277 HEguke] i

Pode dsision 45
[e)

Ao
o‘ HA=Z
¥ s}7}

»o0

]
7V e HEguh Ui g 34

References

[1] Lee, G. W., 2000, The Present State of Cutting Tools and
Development Trends, Material Research, 1:1 §7-97.

[2] Lee, C. M., Hwang, Y. K., 2004, The Latest Product Technique
of High Speed and MQL Machining, Korean Society of Machine
Tool Engineers, 13:2 30-38.

Youn, J. W., 2000, A Study on the Detection of Chatter Vibration
using Cutting Force, The Korean Society of Machine Tool
Engineers, 9:3 150-159.

Kim, S. K., 2002, A Study on the Relationship Between Cutting
Condition, A Thesis for a Master, Chosun University, Republic

I3

—

[4

[}

of Korea.
Kim, J. S., 2003, A Study on the Evaluation of Stability for
Chatter Vibration, A Thesis for a Master, Hanbat University,

[5

—_

Republic of Korea.
[6] Song, D. S., 2007, A Study of the Vibration of Frequency using
Optical Fiber Sensor, A Thesis for a Master, Chungnam National



Yang-Yang Guo, Jun-Hee Hong, Doo-Sang Song

University, Republic of Korea.

[7] Lee, H. T., 2002, A Study of Chatter Detection and Analysis using
Acceleration Sensor, A Thesis for a Master, ChungBuk National
University, Republic of Korea.

[8] Ku, Y. O., Joung, Y. S, Namgung, S., 1991, A Study of
In-process Detection of Chatter Vibration in a Turning Process,
Journal of the Korean Society of Precision Engineering, 9:9
117-121.

[9] Tanaka, H., Obata, F., Matsubara, T., Mizumoto, H., 1994, Active
Chatter Suppression of Slender Boring Bar using Piezoelectric

Actuators, JSEM International Journal Vibration control engineering,

664

37:3 601-606.

[10] Daniel, J. I, 1994, Engineering Vibration, Prentice Hall, New
Jersey, 43-45.

[11] James, M. G., Barry, J. G., 2010, Mechanics of Material, Cenage
Learning, Canada

[12] Lee, J. H,, Rim, K. H., 2000, Vibration Analysis of Boring Bar
with Dynamic Vibration Absorber, The Korean Society for Noise
and Vibration Engineering, 1:3 1796-1801.

[13] Chun, S. H., Ko, J. T., Kim, J. H., 2011, Modal Analysis of
Commercial Boring Bar using Finite Element Method, The Korean

Society of Manufacturing Technology, 1:6 48-49.




<<
  /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


