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Implementation of High Accurate Level Sensor System
using Pulse Wave Type Magnetostriction Sensor
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Abstract - In this paper, we introduce the implementation of high accurate level sensor system using the pulse wave
type magnetostriction sensor. When a current pulse flows along the waveguide, the magnetic field also propagates
towards the end of waveguide. When this magnetic field just passes the position of the magnet for level detection, the
resultant magnetic field by these two magnetic fields makes a torsional reflected signal. This is used to calculate the
time difference between a interrogation pulse wave and this torsional reflected signal. The key elements and
characteristics were investigated to implement level sensor system based on this principle. We introduce a method to
calculate the speed of ultrasonic reflected signal and how to make a model of sensing coil. In particular, we experiment
with the characteristics of the torsional reflected signal according to the changes of the interrogation voltage and
displacement. To make high accurate level sensor system, two methods were compared. One is to use the comparator
and time counter, the other is STFT(Short Time FFT) which is capable of the time-frequency analysis.
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Table 1 Specification of waveguide

Parameter Unit Material, Value
Material - Ni-Iron-Chromium alloy
Length mm 1200
Diameter of wire mm 0.5
Modulus of elasticity, E | kN/mm? 176
Resistivity, p ul) +m 1.1
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Fig. 7 Level sensor and experimental test environment
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H) L7 A7+ o _

AEww | A4 g}li ;gj} Aw | STETE SR

ullage | TDCH3F | BAF =4 HAS

A e S A7 A & L Eds A&

d[m] t, [usec] [mm] t, [usec] [mm]

0.2 92 0.000 99.5 0.000
04 168.6 -2.244 175 0.000
0.6 244.3 -2.112 250 1.325
0.8 320 -1.980 326.5 -1.325
1.0 395 0.000 401.5 0.000
ARG - 1.2673 - 0.5298
EEHA - 0.9302 - 0.6649
399



HM7|1Es=gX 623 3% 20134 3¥

4.4 B
B owmdAE A @de ol 8t e Al AlzEle
TR B ATE AEAT BARE AR B
g ned A9 AAM Axge] A9 HEe e} A
2 F7bel we #&e oAE RPHow AN 1
g, Al A kgl Haste] WAl 2 9 S
WAL Aol @ AE 2 el AA AE a7E9
th 53, # dAgelAe thgel AHe & 5 ATk
A, EAE B2 sk 3ulish 45(V] tiH] 7]k 105(V]
2 7MW wAL gk HuiAe 15% Frtete] 4
AEg e F Ase FAsar
=4, ullages FA S5 v WAF Alme] Aok A

8 weldon, BT k] <6k o 2
wom R
5o 34 2 o]z

=
o= FoE)

3

b4
il
>

ol tigt AZb-Fuk B4 7]sol e STFT(Short Time
FFT) 71& A&donn Zé“’él%% =olaA shglon, o
£ "] B ARE AeE olgehe WS de vas
sttt
TEE Az 4 AW T 0.5298[mm], EFHA
= 06649[ m|® HXF 83 ¥ 1mm] oY AYUEE
Fekddth. &5, SALA] F8 o] He 2 AR
94 AT G S Az A F oA VIE dAC B
g Agek Fele e A i 2 23V, 289 7]
B, A9 A T 4 A71e AA Sl BE F
[e] [e]

gdArtel =
 ATE AYBAFA AFE FGAAE A=
A S el AgH] A el gJste] o] Fojl A
TRA, JAFA A FA=H Y

F 32 og d

]

[1] A, G. Olabi and A. Grunwald, “Design and
application of magnetostrictive material”’, Materials
and Design, Vol. 29, pp. 469-483, January 2007.

[2] David S. Nyce, “Linear Position Sensors: Theory and
Application”, John Wiley & Sons, Inc., 2004.

[3] Edward M. Purcell, “Electricity and Magnetism”,
McGraw-Hill, Inc., 1985.

[4] Fernando Seco, Jose Miguel Martin, and Antonio
Ramon Jimenez, “Improving the Accuracy of
Magnetostrictive Linear Position Sensors”, IEEE
Trans. on Instrumentation and Measurement, Vol. 58,
No. 3, pp. 722-729, March 2009.

[5] Mei Yuan, Dongya Sun, Ke Sun, Jinghui Wu,
Zhaoyang Wang, and Lei Shi, “Key Technology of

400

IEEE International
Conference on Industrial Informatics, pp. 1000-1005,
August 2006.

[6] Yongjie Zhang, Weiwen Liu, Haibo Zhang, Jinfeng
Yang, and Hui Zhao,
Differential
Magnetostrictive Linear Position Sensors”, Sensors
2011, 11, pp. 5508-5519, May 2011.

[7]1 Yongjie Zhang, Weiwen Liu, Jinfeng Yang, Chunfeng

Magnetostrictive Fuel Sensor”,

“Design and Analysis of

Waveguide  Structure to Improve

Lv, and Hui Zhao, “Design of Compensation Coils
for EMI Suppression in Magnetostrictive Linear
Position Sensors”, Sensors 2012, 12, pp. 6395-6403,
May 2012.

[8] Wang Zheng, Chang Xiaoming, and Hiroyuki
Wakiwaka, “Study on Impulse Magnetic Field of
Magnetostrictive  Position Sensor”, Intelligent
Systems and Applications(ISA), 2010 2nd
International Workshop, Vol. II, pp. 933-936, May 2010.

[9] Woo-Jin Choi, Suk-Joon Ji, Kyung-Yup Kim, and
John-Tark Lee, “The
Magnetostrictive Type Level Sensor System using
Guided Pulse Wave”, SCIS-ISIS, pp. 2206-2209,
November 2012.

[10] Chang Xiaoming, Wang Zheng, and Hiroyuki
Wakiwaka, “The Study on the Fixed End Wave in
Magnetostrictive

Implementation of

Position Sensor”, Intelligent
Systems and Application(ISA), 2010 2nd International
Workshop, Vol. I, pp. 81-84, May 2010.

[11] Marc T. Thompson,
Techniques”, Power Control and Intelligent Motion,
Vol. 25, No. 12, pp. 40-45, December 1999.

“Inductance  Calculation

z 2 o (8 7 i#&)
1994 Foldjstul 1 7]E (I A},
19961 soltistw A7) FsF3H(FsHA
AB), 2004 Foldigtul A 7|8t (akA}
F7), A - FHIMS(F) 7EATFAEF

o & & (F & )
19793 sottstaw M7 F st (F AL,
1981 Fotigtunl % 7]E st aH(F A
Ab), 1988 T W78 st (Fg
wkAb), 1997d - 1998 Tsukuba
University A4 ul4=, &4 : Foldgu
7188w





<<
  /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 0.1000
  /ColorConversionStrategy /sRGB
  /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 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


