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An Improved Input Shaping Method for Precise Stopping and Residual Vibration
Reduction of Cranes
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Industrial cranes are indispensable equipment in heavy industry. However, unwanted vibrations in
cranes often cause accidents. Input shaping is widely accepted as a useful tool for removing
residual vibration in cranes. A unity magnitude zero vibration (UMZV) input shaper is often used
for cranes driven by on—off-type motors. However, although a UMZV input shaper minimizes
residual vibration, the input shaper cannot prevent the crane from moving slightly further than
expected from the original command. This paper describes an improved method of input shaping
that can compensate for position inaccuracies, as well as remove the residual vibration of cranes.
Experiments were performed to validate the proposed input-shaping method, illustrated through
numerical simulations.

Key Words: Input Shaping Method (2 =4&7|%), Overhead Crane (H1 &g =2 Q!), Residual Vibration (2F %! S), Input
Shaper (Y4 7])
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proposed input shaper (M_UMZV)

200
UMZV
- == 1=0.09 = —--1=0.11 1=0.13 M_UMZV

150 |
—_
) 160
>
= 100 |
=
=
R
= 50 F
72}
o
=W

0
0 2 4 6 8 10

Time(s)

Fig. 14 Positions of payload with UMZV and the
proposed input shaper (M_UMZV)

L2 AolB WANANA B3 Yee ¢ & drh
wep Al Fold A@EAT AswsAel
ol ARHE AL BYh 2 e 2
9 elX 2AF & Qo R4 A%
AzRel $HSEGLE Hane] daMe vt

ol
o
i)
0%,
ol
ol
rlr
=
Y

[

AAND oA AX o] A7k fH A

T # AR Q82 FYsE et A
el fEAGS 4Rsda, A8 4ol
Qe Eoletity. AEHolde Ba) AgtE
o] YA xS ayH oz AN F d&L 3
Jetdth. Ed AE WL UPE AdAe
Agstglon] A Wiel aRHoR oS
oAAlst GAWE olFel TAs= Frloles
dHshs RS Fedsksith
£ 7l

B oATE Fogwgsta sed T Ao
ofsl FHEAFUT
s
1. Park, S. W. and Hong, S. W., “Application of Input

Shaping Method to Industrial Cranes,” J. Korean Soc.
Precis. Eng., Vol. 28, No. 9, pp.1032-1039, 2011.

2. Kim, H. H. and Lee, G., “An Analysis of the
Accident Types and Causes of Construction Cranes,”
Proc. of KIC Spring Conference, Vol. 7, No. 1, pp.
109-112, 2007.

3. Lee, H. H. and Cho, S. K., “Position and Swing
Angle Control for Loads of Overhead Crane,” Trans.
KSME A, Vol. 21, No. 2, pp. 297-304, 1997.

4. Lee, H. H. and Cho, S. K., “Position and Load-Swing
Control of a 2-Dimensional Overhead Crane,” Trans.
KSME A, Vol. 21, No. 10, pp. 1683-1693, 1997.

5. Yoon, J. S., “Comparison Study of Various Control
Schemes for the Anti-Swing Crane,” Trans. KSME,
Vol. 19, No. 9, pp. 2399-2411, 1995.

6. Hekman, K. A. and Singhose, W. E., “Feedback
Control for Suppression of Crane Payload Oscillation
Using On-Off Commands,” Proc. of the American
Control Conference, pp. 1784-1789, 2006.

7. Singhose, W.
Generation for Dynamic Systems,” http://www.Lulu.
com, 2007.

8. Khalid, A., Huey, J., Singhose, W., Lawrence, J., and
Frakes, D., “Human Operator Performance Testing

and Seering, W. “Command

Using an Input-Shaped Bridge Crane,” J. of Dynamic
Systems, Measurement, and Control, Vol. 128, No. 4,
pp- 835-841, 2006.

9. Singhose, W., Porter, L., Kenison, M., and Kriikku,



FUZESX M 30FH 73 pp. 717-724

tol

July 2013 / 724

10.

11.

12.

13.

14.

15.

E., “Effects of Hoisting on the Input Shaping Control

of Gantry Cranes,” Control Engineering Practice, Vol.

8, No. 10, pp. 1159-1165, 2000.

Sorensen, K. L., Singhose, W., and Dickerson, S., “A
Controller Enabling Precise Positioning and Sway
Reduction in Bridge and Gantry Cranes,” Control
Engineering Practice, Vol. 15, No. 7, pp. 825-837,
2007.

Vaughan, J. and Singhose, W., “Input Shapers for
Reducing Overshoot in Human-operated Flexible
Systems,” Proc. of the American Control Conference,
pp. 178-183, 20009.

Kim, B. G. and Hong, S. W., “Input Shaper Design
for Tower Crane in Consideration of Nonlinear
Coupled Motions,” J. Korean Soc. Precis. Eng., Vol.
26, No. 9, pp. 88-95, 2009.

Garrido, S., Abderrahim, M., Giménez, A., Diez, R.,
and Balaguer, C., “Anti-Swinging Input Shaping
Control of an Automatic Construction Crane,” IEEE
Transaction on Automation Science and Engineering,
Vol. 5, No. 3, pp. 549-557, 2008.

Masoud, Z. N. and Dagaq, M. F., “A Graphical
Approach to Input-Shaping Control Design for
Container Cranes With Hoist,” IEEE Control Systems
Technology, Vol. 14, No. 6, pp. 1070-1077, 2006.
Sorensen, K. L., “A Combined Feedback and
Command Shaping Controller for Improving
Positioning and Reducing Cable Sway in Cranes,”
M.Sc. thesis, Department of Mechanical Engineering,
Georgia Institute of Technology, 2005.




<<
  /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


