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Dynamic Characteristic Analysis of Electro-Mechanical Coupled System Considering a

Tem

perature

Yoon-Seok Choi, Dae-Yong Kwak, Tan-II Sung, Young-Sun Kim, Il-Han Park
Sungkyunkwan University

Abstract - As the system with current is heat generation system, it
has to be analyzed to consider effect in virtue of temperature. Hence
this paper examined the solution of the coupled thermal-
electro-mechanical problem. Mechanical modeling, force computation,
electromagnetic field solution, and heat transfer modeling are
addressed. It accomplished electro-mechanical coupled system analysis
considering a temperature, the analysis method is by using extracted
circuit parameters with resistivity by heat transfer analysis and
inductance by electromagnetic analysis.

Key word - Electro-mechanical system, Heat transfer, Coupled
system.

>.
g

%!:3@94 A4 e jé
2z A B ojn Be kRS od A% Alxdd faA Ty
of gowl A2oAL A4 A2HS ARAEE W xgaﬂoﬂ 7}@741

. _

4% 5 QA Hel AR Azdel d@
AA wok A 3 e Aol
golqt net Adkata AAd e AE Fa
SIA A Asge dagud B fr
A A% Azdel £5 542 g

N
4=

1
cAlE A% %*%17]*

s &0 2
Q-7 AY Axge A 45 BAE 2 AHEEyen
AT 4 ATk 2 olAE AUPAAL Sy 9 sebrie s

Sro W A wsE syt AsA A (DI 2)F o83k
NAY 2 Hg Fasa

*”82 ViT=r M)

p—po(l-ﬁ-a(T*]B)) (2)

g AF, JE 1%, 7 &
E=o] ®stel o) Wise wE Al WME et
on
0.108 — 3
= 4
; Moving coil =9
@ o108 o 310
= =1 Moving coil
3 5]
% 0104 S s
B g
T 012 3 m
- Fixeacol 54 Fixed coil
L 1 2 3 4 5 6 & 8 9 10 2 1 2 3 4 5 G 7
Current [A] Current [A]

Aag 1» MRo 0 2= ¥ XE

(a) Fixed Coil (b) Moving Coil

<18 2> 2 X

I'-III

2.2 MXE sHY

21 (3), WE ol&ate] 3244 oY A 4 9 A wstel] w
2 JdY"s L& Altsdth

I

VZZ:—;L} (3)

N f—= — N [f— —
,7/53.513,7?51/1-511 (4)
AE A7|WEH TEHA BE AS5EE NS 72Y9 BE = AFo|th
a9 38 A mdo Sy Byolw, 19 4% ]‘101] IL}E 271

OEE A W AT q_]\:%gjio]q._

— 006 hutuzal
- 005
\ I
| E‘ o
i =
©
o g s
ol h=]
o 5
I = o0
| Self
| aail  inductance
o
0 005 01 015 0z 0%
— Distance[m]
(I8 3 STHH BE B 4> oIEA

2.3 G-M71-71A Zat MAH oA

A-471-71A AgAIxge] 4 Sjete] 4 (5)9 = A
E=atoich A AEEE A R(T6)) % QHE2L(z(t)) =
MEE A2 el

=L 1>

oo

870 -



Vi) = IO R(D +2 ©

A=A (), 1)) ®)
A (De NAH 548 adsr] 98 Ssugaer ye A%, D
G, K 229 A el @ e

REEEEE

S
+
5.
+
N
5
3

dL
— _ — 2=
F=F, ~F,=5P- ®)
A G A& ddste] Ao Rs A& A F 771 AR
99 A4S A4S F A% y=1, p=14, y=v, y=2° 9
e ofele A3 2k 971A, 1, L+ Fixed coil?} Moving
Coile] ##, v, z& Moving coil®] £%E9 ¥W9jolr},
. AL,, — BL,.
y1: 22 12 (9)
Ly Ly, — Lyy Ly,
BL,—A
yz:M (10)
Ly Loy — Ly, L,
Q:;:y4 (11)
F— Dy, — Ky
yﬁ# (12)

73/2[’/121/& B=— Ry, — 1ﬂ21y47y2[f22y4°]
Lyt % 299 AAQE- A0l R, L, L, & F 29 7ol
gexoln L, =L, o|tH2]

= AgNsRe 94 SRS e

] Aol g g

A4 4 \

| feasyd o 443 o4 |

3. A
A Y o2& 1—1%3} ] $13}e] Jump Ring R&& AAste] A

Eyolds st B AellA e A 2o Ad3 At tfsto]
A a9 o)

3.1 8M 2

34 E’—%O a9 63 Zol T e AR o]FojH Alxdo
Fixed coild] ZFAYLS <1718 H Moving coilel F+=H4F7F & 33}04
T 29 /‘}O]"ﬂ dojul= 3S LS "oH3] ¥ 12 dA 2d9

A5AQ A4S Ve 92l

<E 1> sy ZEio| M

L Details value |unit
Im%ml mass of moving coil 0.1 kg
L o number of turns(moving coil) | 100 turns
: number of turns(fixed coil) 1000 turns

o ‘ source 220sinwt | V

100 frequency 60 Hz

/ _— / Infil.lctance. 'of fixed coil ?.7065 H
L(Tﬁ: )J Initial position 30 mm

g ste] iy

gk Moving coil®] &EWEE ER

Welocitym,s)

time[sec]

8 7> AlZHl 2 &=

Iy 82 AJzte] whEl WEE Moving coil®] ¢ W 3}bolth

a 1
I A
4' [' |'Ir Jl.,.‘,ﬂu'umn...mwvvwn
LR

Position[m]

time[sec]

(8! 8> A|ZHof| 2 Moving coil®] ¢

.28 E

= —

ARE THE A29e AL WAl Frh 24w e A
RAA A2 AR E A A28 G4 S
= q

o
29z ool 4777
ol

r oot

g 4ol Basth B =Ee F oo =
AFA 2de] ste] 228 nefd 4 ZdY &5 5A4E 453

t}.

[1] P. Kuo-Peng, N. Sadowski, N. J. Batistela, and J. P. A. Bastos,
“Coupled field and circuit analysis considering the electromagnetic
device motion”, IEEE Transactions on Magnetics, Vol.36, No.4, pp.
1458-1461, July 2000

[2] Se-Hee Lee, In-Gu Kwak, Hong-Soon Choi, Seung-Myen Lee
II-Han Park and Won-Kyu Moon, “Fast Solving Technique for
Mechanical Dynamic Characteristics in Electromagnetic Motional
System by Electro-Mechanical State Equation Including Extracted
Circuit  Parameter”, IEEE  Transactions on  applied
superconductivity, Vol.14, No.2, pp. 1926-1929, June 2004

[3] David J. Griffiths, “Introduction to Electrodynamics (Second
Edition)”, Prentice Hall, Inc., 1995

- 871 -




<<
  /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


