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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. 1. Structure illustration of linear variable differential transducer
(LVDT).
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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 Vs value and (e) phase
difference between Vsource and Vou signals according to displacement.




144

3.LVDTE 0|28t ®M71F 217tof WHE Z7H A2
t 9|

151 X A x| o] 7 M

—_—o o

Ol

w
rlo

ox N 2 A
r_l
ol

a8
o
Rod
|4
a

2
a

o Fr
2 o)

N

ozl

u e
N

—_

=
> o oy
M 4o 2
(g 2o
of =
et
fok
o

B
H
|0 I

A )

rE jodo
4 AP

Ol
I

oZ ro oX

TS

=}
I‘IHJ

>~ _lg

2 o2 I

=
©

ox du jor N ot gt
ol

N

N

olr M

41 opt 2 A rE |-

g

AQ (data

[fas
In
ol
tjo
o
0
ol
el

cquisition)

o — o
N

o X2
=

S H

Lo

=

U

%;i pa)
T 4;'
>
fol
m[]:

=)
>
|d
e
)
)

AH(signal conditioner),
OVJ EVS x}H]QJ ik z o]t}

POD\:' FU i ol 1
ogH'U‘

)

i

N

U
=2
2

o JI)('
o _|
ol
_,_.

N > > oo a4
0%
ox.
ol
o
2
=]
r){
2
ol
JHil
E
9
Ju
o g
I

rc
)
lo
fru
oyl
Jo

N
2
>

B UAY SE7]9 EHE Al
A2AF 00 Chlof ¢ i Ol A= E o] 83
2o I7H A7 AE 4 E
o] AF&stal 2= TRECARS]

v Izl
r_>_‘
o o2 ;9

A 29 2129] 1/1,0002 g4tsto] 2UE DAtz

= e

(a)

Oscilloscope

Siinal conditioner

@

Analo
Input ®

output ra

Insulation
snpp ort

/Mml tp Silicone oil

oelecui
amics
R

Input Monitor Gr
§ P 8T

Electrode

FA8 7] (function generator), 1

we o
)
L ¢

X,
(0]
>
1T
=2
-0,
AN
N
rﬂ
r)l
2
rlo
ik
=
i)
my
(@]

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

Vav. = Ven X 1,000 1))
A7IM Vhave A0 A7HE A, Vene LAZAS
10| Chl2 We WAe £57]9] 9L AYS ojujgict
A 20l 917}elE R71-L A (2)9) 20] 971 Aol
X 29] S2 LirolAl AAksa ek,

E=Vuv./t 2

o1714] F
“hE

Al R0 7bElE As)Are] 2], te Al 8]
qm&q

4 2
%

N
>
<
re
i)

> o
o

s357] ¢lstel 2
}ﬂﬂﬁ@ﬂﬂmEHﬂéq
%%K*%l sto LAY F27|0 DHY 5

V.ot AR AR WHol thebA &)
SO RO P MU E A gol ol 2.
7h ) o] ghe AL AHg st

= o
ol -
b el

v
-

r_u [‘IO
Da)
=

ﬁlﬂ.&iﬂmﬂ.ﬁifﬂrﬂjb{'lﬁmﬂlﬂ
o o

o

)

ﬁ

re dlole 2 Aarst
A Als =2 Hehsl &
elgA o] E(indicator)

oﬂ}\~] L Q‘}\]E‘/\

(b)

RADIANT,

Drive  Return Sensorl

Sii nal conditioner

@

Analo
Input ®

High voltage amplifier

output
EE'@’@O
Input Monitor Ground ® e
§ ¢ 9|4 o @0
LVD
Insulation
suppon

—L Metaldp Silicone oil

"l oelectrid]
amics

Electrode

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
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curve of Bii2(Nao.s2Ko.18)12TiO3 (BNKT18) ceramics and schematic diagram of ferroelectric domain state changes.
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