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Efficient Method of Singular Value for Inverse Problem

Sung-Oan Park*

Abstract

This study proposed efficient method of singular value for inverse problem, linear approximation of contact position and
loading in single and double meshing of transmission contact element, using 2-dimension model considered near the tooth
by root stress. Determination of root stress is carried out for the gear tooth by finite element method and boundary element
method. Boundary element discretization near contact point is carefully performed to keep high computational accuracy.

The predicted results of boundary element method are good accordance with that of finite element method.
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Fig. 1 Relationship between position and root stress

/
/

—

i

2M

-
he

M o= module
KM = h
-1 < h <1

Fig. 2 Determination of / axis from tip to root

233

A )l 4 (2)¢] A WE [F] 7 A
3. TX[eHN

gtaellA] 7] A(ALGOR)E ARE-8ke] A 44
% 5 A4S el gl A, dand o
&2 KS+49] mtet HE(module) M, &7t

H =7

Ao M 49 A 2991 24 A

Paint of loading
by tooth A

stopping

single meshing : o

double meshing : o gz o1 0O

Fig. 3 Relationship between position and root stress of double
meshing



L

AR 2 5
Moz 22k of 3194 SENH 0.375M
M=4, 95 2,=18, z,= 36°% 6}2‘1@.
QA= 22Y QAR 8- & oo ATt} E Sl(8-node
isoparametric) 8 5 ARESFl oW A E, ALAITE G5
"’E%E]-Oﬂl ALGOR9] 1|4l Zl(mesh engine) o2 2|49 QA
sttt Pamdel e 12usES F ig. 33}
o] WAFOR olZoR R oftelz YHT FIFS

& ﬂ“ﬂ4:¢¢4ﬂ“°M—¢4ﬂﬂ4ﬂﬂ

ok
mlo

[o ot o B md Hr [

io]—oﬂ P
e ol 5
ojftE] oY gk "}E}Lﬂ‘jﬂl O]ﬂoi
48] gasto] o|EoA HAgE e

Rack Gear
Unit Load

Stress (kPa)

vvvvvvvv

-2
P20 (root)

Meshing Position
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Fig. 5 Determination of root stress and meshing position in spur
gear model
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Fig. 6 Determination of element number in rack model of whole
depth
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Fig. 7 Determination of element number in spur gear model of
whole depth
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Fig. 8 Mesh pattem of rack model by BEM

Fig. 9 Mesh pattem of spur gear model by BEM
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Table 2 Accuracy Coefficient of Root Stress

Rack(x<10™%) m= 4(x10"*%)
h axis hl,h2 axis h axis hl,h2 axis
a, 0.00 0.00 -0.02 -0.04
ay 0.00 0.00 0.34 0.33
b, 0.00 0.00 -0.08 -0.12
by 0.00 0.00 0.41 0.40
¢ -0.1 -0.51 -0.1 -0.18 -0.31 -0.15
G 0.6 0.46 | 0.55 0.92 0.87 0.9
d, 2.5 -0.37 2.7 6.19 0.63 7.83
d, 7.1 630 | 694 12.6 10.6 11.8
€ -4.1 -3.96 -11.5 -11.7
€y -11.8 -11.9 -12.5 -12.5
fi -0.6 -0.55 0.16 0.17
f 5.1 -5.14 -0.73 -0.74
1.50
r F, . Exacted Load ; —@— : Rank(k=0)
F', : Estimate Load ; —@— : Rank(k=1)
—A— : Rank (k=2)
1.25 |-
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_-1.00 . g —
o .
§ 0.75 |-
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1 2 3 4
F, (N)
Fig. 12 Determining of error
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Fig. 13 Determining of error
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Fig. 15 Determining of error
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by torque
1.4
r F, : Exacted Load —a— : Rank (k=0)
F', : Estimated Load ; —@— : Rank(k=1)
L Load = 1000 N —A— : Rank (k=2)
12 |
T I
-\f 1.0 :\A\
w w
5 \\
& 08
0.6 [ ) T T S T S S S R | T T S T S S S S
P1(Tip) 2 3 P4(Root)
F‘1
Fig. 18 Relationship between meshing position and root stress

by torque

238

A
nn

< o 4= )tk Fig. 16~Fig. 199] #A|3H
w7} oju] ezl gholl 7 7MAl Q=
ek & =EollAe 919 A}?ﬂ& agsto] 4 (3)2
B =1 L AFE3E Aot}

o
U

901} P 744A7]H

HU oo > oxt o2t

4.2 E39| FH
2 =B 4] QREE 2AYCENS AHstel £ 4

58 gk B0 walo] 4 G0z FHT ¥okEE 4
A 5502 7RI Fig. 200] AR 23} o] E219]
Aol stel TEEHY] A7) o) el Aol 4 (302
SE 2 E (7 + ) B 72 WS R, & B

Ao BAFG 9 85 (7 + £) 3 (5 + F) & 94

St 2708 a4W TheTt 70| HA|GH:

o
)
N
ofr
o
=)
I

16
F, : Exacted Load —&— : Rank(k=0)
[ F', : Estimated Load ; —@— : Rank(k=1)
141 Load = 1000 N —A— : Rank(k=2)
a2
TR
~ N
L 1.0
k! '
©
S o8¢
06 |
T T ST T T W T N Y | IR T N S T T T W 1 | I T ST T T S T T
P1(Tip) 2 3 P4(Root)
F'2
Fig. 19 Relationship between meshing position and root stress
by torque
eIy

Fig. 20 Relationship between loading and torque



o

YL Z=A| A

B&t3|X| Vol.21 No.2 2012. 4.

le(F‘l,—i_FjS/)Rgl ©)
Ty= (Fy+ F,) R,

A7NM, 1 1, = 5 L P52 EA, R, I R, =
= @ 9l ez 712y W Eolth. Bl EIAE A5

A3kl M= 491 XaE &Ato]9] 72 100mmz H3} B3
(05,1, 2N-m)E 27} o] g 225 ¥ o|§e]9 P1~PI= 4%
SHA HSFAIA ZF o]l e 2 A (2)9F A By ARESHe] F
3 E2% Tsic 4 ()2 Agslol 24T B0 Aske
Fig. 210 EAtt} 31 Hal E3 H&2 4] (3)02 HE
BAG 7, 2 e Axolt, 17550

ol B35 Antstol AAgez dAsith Fig. 2125 ¥
AT BETE 5% Ao A5 Egaelal Qi A=t o] g
Y& AMgsto] 247 a0l oAE EsL 97 fEe
24 EAE 5% J=9) 0X8 Zad AL & & rk Fig
22 Ba BA(S, 10, 20N-m)E 217} o] ZoRHE o]#eo]
P1~Poz UHstA HIAA 2 o] fe]5- & AHgstof 73}
EAE Y% AT Fig. 2150 M FAge] dojds &
1.40
M=4
135 F —=— T=05N-m
—— T= 1N-m
1.30 F —A— T= 2N-m
o
B
o
e

1.00
P1 (tip) P2

P3 P4 P5 P6

Meshing Point

P7 P8 P9 (root)

Fig. 21 Relationship between 77,/ T,
torque, 7, = exact tonque)

and position( 7”,= estimated

1.40

M=4
—&— T= 5N-m
—o— T=10N-m
—&— T =20 N-m

’.; 1.20 -

[ L

= M

Lo  1.00 -

T L

14

0.80 1 1 1 1 1 1 L
P1 (tip) P2 P3 P4 P5 P6 P7 P8 P9 (root)

Meshing Point

Fig. 22 Relationship between 77,/ T,
torque, 7, = exact tonque)

and position( 7”,= estimated

239

O

==
| @)=y Ha} 53-—4
2tA| Table 29| LAMAlS=

/\610 pj—O]?ﬂ- Ea 0104];}-

LA
Ao| 53 A
2% 4 (09l 93

_I>*§

_/[\_
o}
o},

mf;

O

9

(1) 7ol 5152 718 o} QAR ojwelest 1 8%

A2 PAS HY TAST FALLNOR AXR
oyl SR HARE ) ANt 1) BE
#52 %@ﬂ # sl e A

2A710] ATIFAS O5to] A
el o3 ogfz% I A+HRS] R Solgt 3
& Eolgre] W A4HUY P2E PAAA 4EAL
SoSE PO FUAAN YA-12 st B
a9l B AEsc

Bo g2 e Agtel ¥t £AY 50| AT AL
gglon dZgue] et %R,

M

@

l

ol

3) °l
iy

o

A
T

3

Mo

(1) Arai, N., Harada, S., and Aida, T., 1981, “Research on
Bending Strength Properties of Spur Gears with Thin
Rim,” Transaction of JSME C, Vol. 47, No. 413, pp.
47~56.

(2) Kubo, A., Ueno, T., Jin, J., Ariura, Y., and Nakanishi,
T., 1985, “On Tooth Contact Marking and Gear
Performance (1st Report, Fundamental Characteristics
of Tooth Contact Marking),” Transaction of JSSME C,
Vol. 51, No. 467, pp. 1559~1567.

(3) Arai, N., Kawamoto, S., Yoneda, H., Hirogaki, T., and
Mizumoto, K., 1991, “A Study of Spiral Bevel Gear
(Analysis of Tooth Root Stress by Three Dimensional
Finite Element Method),” Transaction of JSME, Vol.
57, No. 538, pp. 2114~2117.

(4) Arai, N., Kawamoto, S., Hirogaki, T., Mizumoto, K.,
and Uenishi, Y., 1991, “Characteristics of Meshing in
Spiral Bevel Gears (Comparison of the Gleason-type
Gear with the Oerlinko-type Gear),” Transaction of
JSME C, Vol. 57, No. 540, pp. 2703~2708.



L

(5) Filiz, 1. H., Eyercioglu, O., 1995, “Evaluation of Gear
Tooth Stresses by Finite Element Method,” Trans. of
the ASME, Vol. 117, pp. 232~239.

(6) Tanaka, H., Ohkami, Y., 1997, “Estimation of Impact
Force on a Space Vehicle based on an Inverse Analysis
Technique,” Transaction of JSSME C, Vol. 63, No. 608,
pp. 1172~1178.

(7) Arora, S. Jasbir, 1989, Introduction to Optimum
Design, McGraw-Hill, New York, pp. 125~131.

(8) Brebbia, C. A., Telles, J. C. F., and Wrobel, L. C.,
1984, Boundary Element Techniques, Springer-Verlag,
Berlin, pp. 153~180.

(9) Banerjee, P. K., 1994, The Boundary Element Methods
in Engineering, McGraw-Hill, New York, pp. 87~99.

(10) James, H. K., 1994, Boundary Element Analysis in
Engineering Continuum Mechanics, Prentice Hall,

240

New Jersey, pp. 87~93.

(11) Park, S. 0.,1994, “A Study for Mutual Interference
between Circular Inclusion and Crack in Finite-Width
Plate by Boundary Element Method,” Transaction of
KSME, Vol. 18, No. 6, pp. 1474~1482.

(12) Park, S. O., 2001, “Analysis of Spiral Bevel Gear by
Inverse Problem,” Transaction of KSMTE, Vol. 10, No.
5, pp. 85~95.

(13) Park, S. O., 2003, “Analysis of Torque on Spur Gear
by Inverse Problem,” Transaction of KSMTE, Vol. 12,
No. 5, pp. 24~33.

(14) Park, S. O., 2008, “Evaluation of Stress Intensity
Factor using Boundary Element Alternating Method,”
Journal of the Korean Soc. of Mechanical Technology,
Vol. 10, No. 2, pp. 1~8.




<<
  /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


