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Abstract  This paper proposed the friction model using Preisach algorithm with neural network based on
experimental results. In order to apply the neural network algorithm, the back propagation update rule was used
and the updated weighting factor of neural network was applied to distribute function of Preisach model. In
order to implement the proposed algorithm, the LabView software was used to apply to the precision control of
mechanical system. The evaluation of the proposed friction model was executed through experiments.
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[Fig. 1] Experimental equipments

juid}

0.007
D
0.006 |-
0.005 - g
0.004 A
0.003 - Y \/
0.002 4
0.001 |
A

0.000 L L
o] 10 20 30 40 50 60 70
Time (sec)

[O& 2] Wipe-out A} 78S 93t A1 A&

[Fig. 2] Reference signal for wipe-out phenomena

Position (mm)




opEe] S| AEEAIA oS mE A

07
06+
051t
04+
03+
02}
04
0ol

01t ¢

Torgue (N.mm)

-0.2 L L L .
0.000 0.001 0.002 0.003 0.004
Position (mm)
[O8 3] 43 B3 A4
[Fig. 3] Measured wipe-out

wipe-out Z1}

06t
04+
02+
00+
0210
0416

Torque (N.mm)

06+

08

0.000 0.001 0002 0.003 0004 0.005 0.006
Position (mm)

[12! 4] Nonlocal memory 3]2H|Z|A]2 SAF
[Fig. 4] Nonlocal memory hysteresis

3.0
259
2.0+
1.5
1.0
0.5+

0.0+

Friction torque (Nmm)

0.5+

-1.04

1.5 T T T T
-0.002 -0.001 0.000 0.001 0.002 0.003

Position (mm)

[322! 5] Nonlocal memory 3&]2<H|ZJA|A
LuGre welo] A gajo]d A3}

[Fig. 5] Simulation result for LuGre model to identify a
hysteresis

el gt

e oA A5 Gl el 3 Al Ay
TEE SR olefet BAME FBE 4 gk i
wo] Wastc

Ao W8S v o= npEe] AP Fe
dgsl7] 9Jaia Zato|x}s mEe Aestict upzk
slaH P AL A B8] I3 Zeto|xts m)
A ()T Zo] vehd 4 9k

= pesnpiads M)

s Vap = SIZHPAI A @
ash A wgle] 27}
0] 2)A7] 19

il

flo 1o l-ﬂ

ANA pula.f) & REFS
Heole), i ul gl 123
ol e 3A F7te] Huxeh 2
= vehiick

4 (1)) Zefol A5 mElo] A o]F HE FAS B

A AT (1) We] 271 Alet 7 Aol o) 4] )9k

(3) Zo] YERd 4= St
N
;JF apBhoy) — Flag,f,)] 2
+ F(6,8y)
N-1
kEl[F apBhy) — Flag. )] 3)
+F((17\/ﬁ]\. 1) F(aN,é)
Floy,8,) = fa; f”%gk C))

oA71A f, = 17 6ol4e} 2ol BlH2lAl 2 ZAlo
A o) W) Ame] Aeizk ayolq o) npEkgol, f,
£ £, o AERE sl Aol M) npakeelc,

1% 6ol LER 69} F0] Al metol s o]
A 29 7 2o] a-po] BAR e 4 9k o)
olgslel the 271 4ag wEo| sh= o5 Wl o
o hele 9 sol el Q0 wom EE o 4
e

O

Vl V 5
%

Sap

[ 6] 6o FiatA ez
[Fig. 6] Relationship between J and F

2915



A gt sl A1 A7, 2011

N —— 1
i
|
|
|
|

——-5

[38 7] Fpoll High a-fEHo RS 2
[Fig. 71 F} in the o-f3 plane

v
v

L
(© (d)
(28 8] vhlel 9] wsjo] gt a-f Fromo] v}
e 2o

[Fig. 8] Friction in «-3 plane according to the repeated
up down motion

3. w2 HERIZ ¥1aE
ZZlo|Xts 2 7Hh£

g 0|83

—

setols mYY XA ANE 93 ol ¥l
7h gl s sk a-fRRAY QuSE
stolth. Qu4E o)l U4 vk AYS mY
] i b A 5
Q% Atolo] AT LTSS ook Tk of
Al B =oAL el vz Aglo] chaf Sael
IAate] el WESIT dhmeE Bgdte] 1
o g2 ARk e MEYa 59
EZ 913141 4] ()9 (0% olgstol 4T 2

ARSI T DA gh BE GO AgsHe

l' olp

A& opE glol

[e]

T

E ool e
o o
m)«

i
o
3

< 0 fromx oan ool OIN
fn)
(o3

=
[
—

_ LU —shlg )
F = fotf+slg—q) ©)

) +sflg +)
Showi . Jot St (g, 1)

(6)

o714 fw% &= Wy o v, f = FE0hE

2, g9} ¢ S WA Hol o] Weleh A9, s
SEERRNEE BSOS

e UEY delEe] A8 Slala AN A
o Avhe 7Y 9o vehyginh. 17 99 AF AnE
HfEo R 4] (5)9} (6% olgstol 17 103} 2L 1
Y= 7k AU RS 9 BE ghe okt

B eRol A4S FEYEYA TEE 39 113
: dolol® Tl S s o
olgstett. ©F odst dmelES
HNERES Ag FA vk 2o

1 Uep e

= = = "
wn =} in =
T T T T

Friction torque (Nmm)

bl
1=
T

=
n
T

-0.0010 -0.0005 0.0000 0.0005 0.0010

Position (mm)

(23 9] A9S Fal AT vl

2o=

[Fig. 9] Measured friction through experiments

Friction torque (Nmm)

0.0+

0.5 -

L 1 1 1 1
-0.0010 -0.0005 0.0000 0.0005 0.0010

Position (mm)

[ 10] 78 W= AR 4S9 B g
[Fig. 10] Target value for the weight vector of neural
network

2916



e
oH

>
off

ol-&%t mpEke] S| AHFAIA oS mE A

[33 1] 72 HEY3a +=
[Fig. 111 Structure of neural network

1
!
0.3 ) f o
06 k J
G 04 /lf s
Z o2 7
% 0
< 02
2 04
IS
08
Target data
08 ooo Estimated
4 ‘ . . ,
D005 0008 0001 0001 0003 0.005
Position (mm)
= 12] =A% vk 24
[Fig. 12] Estimated friction curve
3
— 2F
g
‘s
2
2
8 or
@
2
g r
o
[}
€ ol
% U S S N SO NS S SO
o 1 2 3 4 5 6 7 8 9 10
Time [sec]
[O3 13] =g H3S 93 Al 4s
[Fig. 13] Reference signal for the model verification

Friction torque [Nmm]

L L L
05 0.0 0.5

Position [um]
[O8 14] np Ag 23
[Fig. 14] Experiment result

2917

— wipe-out
£
€
&
]
3
B
8
c
S
e
2
=
w
L L 1 L L L 1
-2.0 1.5 1.0 -05 0.0 0.5 1.0 1.5 20
Position [um]
[:EI 1 5] JQ 1:1]-7(]— J_A-]

[Fig. 15] Estimated friction curve

Al

a
= =

=<

o

4,

ot

Aokel Lefol s vk mae| HiF H45S
T 133 Zo) ol WSS 1% AT Al

oh AE B Al okl slaEAA @Al 7}
A= wipe-out¥} homogeneous EA10] UEL & 4= Q==
AAEATE AAE 2z AlFo| tlsia A Alslo]
s 29 1400 dehige Ak o1 2] o

A

4 upd 342 a9 159 Yehileh 259 vh
Ao AlF o EJ»]’X]Q]’ Z+o] homogeneous EAJx}t

o

wipe-ouE4jo] & Liehdhg o 4 sleh
5. 248
B Rl J1A A2Ee ulA A% Gejold ot
ehs ohae] sl2dElAL WS Tetol)s wElg
olgsto] vh waS Aksisich Aok vh mae
Sofol}E WY U Y WEYS dWeEE

Z-8351o] Ag o] Aol LASH fél'oi =ASE = QlE
7 HEYIE skt 7 HEYAY 7
*ﬂeﬂ X<l eR=3 q]x%J]- OP"IE]ZO x%ﬁ_o].oq 1 7Lg 7(9/11_

_l

s}, 422 9lstod tEH o
2EP A A ?ﬂ*“’] homogeneousgl— wipe-out&A}o] Fé B2
E].Ll— 2 015& A]S]/\]i— /\H/\-lo]-o:] NB];(]Q} = ]%

lmsteteh e vl w4 71 W 2 A
o) Au Ao} AAE] TES I3 B8 5 AL A

oZ AlRELh



ghately|&al )= #1270 A7S, 2011

References

[1] Canudas, D. W. C., Olsson H., Astrom K. and
Lischinsky, P., “A New Model for Control of System
with Friction,” IEEE Transaction Automation Control,
Vol. 40, pp. 419 - 425, 1995.

Mayergoyz, 1. D., Mathematical Models of Hysteresis,

—
[\S)
—

Springer-verlag 1991.

[3] Brian, A. H., Dupont, P. and Canudas, D. W. C, “A
Survey of Models Analysis Tools And Compensation
Methods for the Control of Machines with Friction,”
Automatica, Vol. 30, No. 7, pp. 1083 - 1138, 2008.

[4] Dupont, P., Armstrong, B. and Hayward, V.,
“Elasto-Plastic Friction Model: Contact Compliance
and Stiction,” Proceedings of the American Control
Conference, Chicago, Illinois, June, pp. 1072 - 1077,
2000.

[5] Awabdy, B. A., Shih, W. C. and D. M. Auslander,
“Nanometer Positioning of a Linear Motion Stage
Under Static Loads,” IEEE/ASME Transactions on
Mechatronics, Vol. 3, No. 2, pp. 113 - 119, 1998.

[6] Xiao, G., Markin, S. and Danai, K., “Autonomous
System for Multistage Cylindrical Grinding,” Journal
of Dynamic Systems, Measurement and Control, Vol.
115, pp. 667 - 672, 1993.

Berenyi, P. Horvath, G. Lampaert, V. and Swevers,

—
~
—

J. “Nonlocal Hysteresis Function Identification and
Compensation ~ With  Neural  Networks", IEEE
Transactions on Instrumentation and Measurement,
Vol.54, No.6, pp.2227 - 2238, 2005.

Z| 8 F(Jeongju Choi) [(H5|3)

* 2001 8¢ : FACHS L Faeh
st A5 AEskE} (Bt

* 2006\ 8¢ : FAHSIw Feh
o As71AS et (FEEAD

e 2008 3% ~ 20099 2%
University of Michigan-Dearborn
ESReLe

* 20099 3¢ ~ @A : Fojhst
A A7) HE Ve XY Al
¥ s

A FBALE, HgAll, AFA

2918




<<
  /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


