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Abstract: The measurement of strain under an electric field has been widely employed to comprehend the fundamental
principles of electro-mechanical responses in ferroelectric, piezoelectric, and electrostrictive materials. In particular,
understanding the strain properties of piezoelectric materials in response to electrical stimulation is crucial for researching and
developing components such as piezoelectric actuators, acoustic devices, and ultrasonic generators. This tutorial paper introduces
the components and operational principles of the linear variable differential transducer (LVDT), a widely used displacement
measurement device in various industries. Additionally, we present the configuration of an experimental setup using LVDT to
measure the strain characteristics of ferroelectric, piezoelectric, or electrostrictive materials under the application of an electric
field. This paper includes simple measurement results and analyses obtained through the LVDT experimental setup, providing
valuable information on research methods for the electro-mechanical interactions of various materials.
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Fig. 2. Schematic diagram of the operating principle of an LVDT sensor: schematic diagram of the movement of the core in the LVDT and the
signals of Vsource, V1, V2, and Vou when the displacement is (a) 0, (b) positive, and (c) negative, (d) change in output Vims value and (e) phase
difference between Vsource and Vout signals according to displacement.
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Fig. 3. Schematic figure of the experimental setup for electric-field-induced strain measurement of ferroelectric ceramics using a LVDT: (a) a
system consisting of a function generator, high voltage amplifier, LVDT, signal conditioner and oscilloscope and (b) a system consisting of
RADIANT’s ferroelectric tester, high voltage amplifier, LVDT, and signal conditioner.
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Fig. 4. Example of measurement of field-induced-strain characteristics of ferroelectric ceramics using LVDT: (a) schematic diagram and photo
of the measurement system, (b) input signal for measuring field-induced-strain characteristics of ferroelectric ceramics, and (c) virgin strain
curve of Bii2(Nao.s2Ko.18)12TiO3 (BNKT18) ceramics and schematic diagram of ferroelectric domain state changes.

m LVDT= A %3}%

o] i (FATY]) JH =2 ==
—(remanent polarization,
=0, o] & QoA P EE 0
o] opd Zt2 W3] E(remanent strain, Sem)& L

H71AFS Q7tsHA EH A 7|
2 Agre] 7] AlAfsto] T Y
APOFR| T} 2= 3ko] "0°0] E= A
B R I I = P =

Mgl 7] AR A} o

o:]/\‘] E” Q‘EHE =
2 55 wa00e WIBE
719 2= 2ot ol o] 24 =], ojmf THA] &

o G E(Smax)Oll =F5HA et
o ®O|F A7HAZF M7IE Sl A

A At Aol EhA "ot

CENNO)

5. ZMAe MI|F I HEHHE
ESMS QS LVDT MM ALY

=ofol| mhaba] oheFst Atk A&
E‘Jﬂo LVDTO] 2|t} 57 ¥ el=
#9]0] 2552 0.005~10 um

o] AbgE| 1L
+0.5~50 mm

E

g =olct.
13 4c)oll BofE HigE A 5740 AHg<et LVDT
of A2 A 54 “:1%’47} +1 mmo] i, #3150] 0.1

pmelc}. o] LVDTS o] §
A K21l 11 Qolol T e
o] 9% 4 k.
LVDTE - olgstol 4
=y

Al Al=te]e] A7174 17t
0 Y¥hE o2 0.1~10 Hzol
g5to] £7%HC). LVDT AA
kHz o]Arel 2~ 9ol x|u},
48 o LVDT Hol
P2t o= IN Qe
73|3H QL /\1-5}017]

F 32 7HR] 517

Am 3

2 o
o
A
o?.i
@ 5

—l>1
|

>

2—"4

1o -|>

Ay o 09,
o 19

o L2
o>
for
E i
-}
&
[e)
rulru 1

o ol rer
Ho HI) Y
ol

—
<
g
—
2
>
s Mju
o Q

)
2
Sl
)

-
B B
)
(@]

ol“_IOEFE

s

e 8
oX

Jl‘,L n:Zi
ol

l‘

o 9

o
£l oo 2
>

[2a)

4 =
2a)
of
rlo
iz}
i)
2

N
N
X
X

|, elolAl =2
Zlo] Agsiet.

(ol DA = R o)

2

offt ¢ njn [o
)
N
o
o
1

].

rir

oln
1o
N
N
uju
)
ofo

ol
o
K
A
oX

(<0

2 5EdYd =M= AY 71 A A7 |(linear
variable differential transducer, LVDT)ZS o] &35}
o J717E A7 I A eRA, A = AL &Y

o AE Rl 79



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 2, pp. 141-147, March 2024: Han and Ahn 147

2 471810 & £3(poling)stA] oS BNKTIS
Rlete) 2of chste] P ZHbipolar) 17142 217tete e
o, AolAl: 7] WP E A oA 2 2/hsHRT 2
wwo) el e Eolelo] Aeol chaiA 22
5171 27)st ek LVDTS ol g3 W1y 54 57 3|
e AA, GAA, Bl AR F71A vt ape
WY SR ol 715 AR 9% AR
AR ES) B W YRR S5 4 5)
o Yoz WAL SHS S o =gl D 4
92 Zole} 7|cgict.

ORCID

Chang Won Ahn https://orcid.org/0000-0003-0613-9823

ZAte| 2

This research was supported by Basic Science
Research Program (RS-2023-00245221) and Priority
Research Centers Program (NRF-2019R1A6A1A1
1053838) through the National Research Foundation
of Korea (NRF) funded by the Ministry of Education.

(1]

(2]

(3]

(4]

(5]

6]

(7]

(8]

(9]

REFERENCES

L. W. Martin and A. M. Rappe, Nat. Rev. Mater., 2, 16087 (2017).

doi: https://doi.org/10.1038/natrevmats.2016.87

H.-P. Kim, W.-S. Kang, C.-H. Hong, G.-J. Lee, G. Choi, J. Ryu,
and W. Jo, Advanced Ceramics for Energy Conversion and
Storage (eds. O. Guillon) (Elsevier, Netherlands, 2020), p. 157.
P. Regtien and E. Dertien, Sensors for Mechatronics, 2nd
Edition (Elsevier, Netherlands, 2018), p. 245.

N. Sezer and M. Kog, Nano Energy, 80, 105567 (2021).

doi: https://doi.org/10.1016/j.nanoen.2020.105567

K. Uchino, Acta Mater., 46, 3745 (1998).

doi: https://doi.org/10.1016/S1359-6454(98)00102-5

M. Garud and R. Pratap, J. Micromech. Microeng., 34, 013001
(2024).

doi: https://doi.org/10.1088/1361-6439/acfe86

J. Jung, W. Lee, W. Kang, E. Shin, J. Ryu, and H. Choi, J.
Micromech. Microeng., 27, 113001 (2017).

doi: https://doi.org/10.1088/1361-6439/aa851b

J. S. Choi, T. H. Kim, and C. W. Ahn, J. Korean Inst. Electr.
Electron. Mater. Eng., 35,431 (2022).

doi: https://doi.org/10.4313/JKEM.2022.35.5.2

A. Ullah, R. A. Malik, A. Ullah, D. S. Lee, S. J. Jeong, J. S. Lee,
I. W. Kim, and C. W. Ahn, J. Eur. Ceram. Soc., 34, 29 (2014).

doi: https://doi.org/10.1016/j.jeurceramsoc.2013.07.014

[10] K. V. Santhosh and B. K. Roy, Procedia Technol., 4, 854 (2012).

doi: https://doi.org/10.1016/j.protcy.2012.05.140

[11] T. Meydan and G. W. Healey, Sens. Actuators, A, 32,582 (1992).

doi: https://doi.org/10.1016/0924-4247(92)80047-7




<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


