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Validation of Piezoelectric Sensor Diagnostics Algorithm Using 
Instantaneous Baseline Data
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ABSTRACT: In order to detect damage in early stages and properly maintaining structures, the structural health
monitoring technology is employed. In most cases, active-sensing SHM needs many piezoelectric (PZT) sensors and
actuators. Thus, if there is a defect on PZT used for active-sensing SHM, the structural status could be misclassified.
This study, for reliable SHM performance, investigated to detect defects of sensors by using the admittance-based
sensor diagnostics. This study also introduced an algorithm that can diagnose sensor defects based only on data
measured from the sensors in case that information about the changes in adhesive and environmental investigation,
this study confirms that the proposed algorithm could be efficiently applied to real-world structures in which a
significant temperature variation could take place.

! ": !"#$% &'()* !"+, -./ 012 "3, 45 6 789 :5;<= >? @A7 B* C
D E?= F5G3 H? IJ/K. LMNO PQRS 3T !"#$% &'(),UV W* <O X$Y(piezoelectric
transducer) RUZ !Q3(actuator)= [\] 9K. !"#$% &'() J ^_/ X$RU, `ab c@GV

de, !"+O 1fgh, ijk -.l < mK. n o!,UV pq% mV !"#$% &'() `r= H
? sEtu 3T RU vk ghw2 ^_Gx K< RUO `y2 z5G{K. |9 ^_/ }~jZ RUO A
;k �N� �9 de, ^_/ RU]M( �A/ �b(�2 �L] RU`y gh2 H9 ����2 ��G

{K. ����b 7_ kP9 �� �H= I�7�] N�y�]� �-/ 3wb Ij �d,U �_b kP

y2 �CG{K.

Key Words: RUvk ghw(Sensor diagnostics), sEtu(Impedance), }~j(Adhesives), X$�v(Piezoelectric
transducer), !" #$% &'()(Structural Health Monitoring)

1. ! "

!"#$% &'()(Structural Health Monitoring, SHM)
* +,- ./ 01-234 56 !"7 #$%8 93

: ;3</ -=>?. !"#$% &'()6 @ABC

DB* !"76 E$% FG H IJBC KLMN>?

[1]. !"#$% &'() -O* PQ NRSL -OT U
RSL -OVW !%X?. NRSL -O* !"7Y Z
[\ ]^<_ `] <a>b !"76 GcY de Z[

fgh 93:VW ij<_ !"76 kGGch li<

Received 30 June 2015, received in revised form 27 August 2015, accepted 27 August 2015

*

*

Department of Mechanical Engineering, Chonnam National University, Gwangju, Korea
Department of Mechanical Engineering, Chonnam National University, Gwangju, Korea, Corresponding author (E-mail: gpark@chonnam.ac.kr) 



Validation of Piezoelectric Sensor Diagnostics Algorithm Using Instantaneous Baseline Data 149

/ mO8 no?. 2p URSL -O* !"7Y q^X

!R-h rs !"78 tuo v, _w xY yz{| }
/ Z[~6 fgh rs !"76 kG _]h SL</

mO>?[2]. UR SL -O8 rs !"76 kG _]h

SL</ ��, �$��(Piezoelectric element, PZT)/ t
uT Z�> &� tU<� � Z[Y �s ��B>�/

>�8 tL� }- ��Y ��<Q 0�X?[3].
�2BVW ��!"76 E$%8 ��</ ��, �*

�$��t ��<� 9� !"7Y ]^{| }/ Z[

/ ��, �� 5 ?�o `] �� ¡W]( ¢£X?. ?
�o `] ¤FC�W Cs !"7Y ]^X Z[/ ¥k

{¦b §^¨© ª* PZT6 «¬B·$-B ­%®<t �
¯° �±t }?. ²³ ´* �CVW Co Z[ µ¶R*

¨Ej<� f·° N ¸/ !"#$% &'()6 ¹T

h K�o?[4]. d�[ Z[ �t uº »¼h rs !"

7Y ]^{| }/ Z[6 9½BC ¶R Gch ¾C<

�, 0�<�� </ Z[6 N¿8 li<� Z[6 ÀÁ

3-h ¥Â° ��t }?. Ã, !" #$% &'()8 r
s ijX ¹TY >Gfgt �¯o ��, >Gfg6 Ä
C> !"76 kG ��CL ª* Z[ kGVW Co ¹
TCLh Z[ �t uº »¼h rs ¾9<Q !Å° �
�t }?.
!"7Y ]^X Z[6 ¹Æ SL H N¿li8 ²o

Z[ �t uºY Ço È!/ $ ÉÊBVW ��<Q u
Ë a>?.

Lee³ Choi[5]/ K�ÌÍ¥6 3: «$ ÎG8 ��<

_ Z[6 §^¨©8 SL<ÏV�, Giurgiutiu et al.[6]*
PZT Z[6 ,uÐ¥N  ¡h ÑBÆVWÒ Z[6 ¥k

8 SL</ -O8 �E<Ï?. > ÓY� Xu³ Liu[7],
Fabricio et al.[8]* Z[ �t uº »¼6 ¤F �� ¥Â

H ,uÐ¥N6  ¡h yÔ<_ Z[6 kG8 SL<

/ È!h NË<Ï?. ²³ ´* È!/ !"7Y kG>

¸?/ tj <Y 93{/ ÕVW, !"7Y kG> �¯

° N }/ 9� Ö×ÎqY B�<-Y/ oÊ�> }?.
d�[ !"76 kG _]W]( ØÙBVW Z[h u
º<- ²<_ Park et al.[9,10]* ÚÛÜÝh -2VW o
�$Á Z[ �t uºO8 �E<Ï?. ÚÛÜÝh -2

VW o �$Á Z[ �t uºO* �$Z[6 capacitive
value  ¡h ÑB<_ Z[Y �¯X ¹Æ>b §Þß ¥
k8 ;L<�, àáBVW Z[6 kGT !"76 kG

8 !Åo?.
ÚÛÜÝh -2VW </ �$Á Z[ �t uºO8

9� Ö× ÎqY B�<- ²s[ ?�o ¤F�� ¥Â

> �!X?. >Y d� ÚÛÜÝ6  ¡h â-</ ¤F

C� ¥ÂT ÇãX È!/ ?ÍT ´> uË{ä?. Bhalla
³ Moharana[11]/ !"7T PZT Z[ 0>6 §Þß8 &
å)<_ ÚÛÜÝ³ §Þß6 ÇÊh >æBVW 4¿<

ÏV�, Jo et al.[12]* 0�X §^�Y de ÚÛÜÝ6  
¡ H Z[ �t uºY �o 9çB ��8 93<Ï?. Grisso
³ Inman[13]* !"7Y ]^X PZT Z[~6 ²èY d
e �À H ��6 ¤F8 �±<_ Z[6 ¹Æ8 SL<

/ È!h NË<Ï?. ²³ ´* È!~* Z[ �t uº

8 93° � ��, §^� 56 ¤F��h 2é3 �±s

â Æ8 6êo?. .o -ë MK aC ì>(h í�<_

Z[6 Gch uº° �� 0�X §^� H ����Y

K6sâ o?. 2p, -ëY MK<� }/ ì>(Y 0�

X §^�b ijX �� 56 jMt ¨îyo ��, í�

ì>( ¸> 0�X Z[~6 ¹Th ro Z[Gcuº

> ��<?. 
Overly et al.[14]* í�ì>( ¸> 0�X Z[Y[ i

jX |éêïÝ6 Gg�Àh rs Z[Gch uº</

ð�ñò8 �E<Ï?. Gg�Àh ro Z[ �tuº

ð�ñò* >æBVW �E{äVb, 9ç8 ro ��0

ó/ êê<?. d�[ ô È!Y[/ Gg�Àh ro Z
[ �t uº ð�ñò8 9çBVW ��<� ?�o �
�"#Y[ B�ÆVWÒ 9� Ö× ÎqY[6 B�tU

%8 �u3õ�� o?.

2. #$% &!'( )*+

2.1 !"#$% &' ()*+ ,-

�$Á/ $-B YöLh -ÊB YöLW ./ -Ê

B YöLh $-B YöLW Gg �> tUo ��>

?. >wo �$Á6 $-«¬B ÚÛÜÝh Êi<�, Ê
iX ÚÛÜÝ fg6  ¡h Ç÷ÆVWÒ !"76 G
ch 93:VW uº° N }?[15,16].

(1)

ø (1)* �$��t !"7Y ù$ú ]^{ä8 � $
-B |éêïÝ6 ûN]y8 b�ü?[17]. $-B |é

êïÝ6 ûN]yC Y(ω)/ �$�� ýè6 ö� ω, þ
> l, �ÿ tc 56 -<¬B GN³ �$�� ýè6 K$Á

GN H K$Á k9ÊNC $-B !%( , δ)6 ÆNW

>"|u?. >� Za³ Zs/ �$Á³ !"76 «¬B Ú
ÛÜÝ>�, / �$Á6 #Þ $%ÊNh b�ü?.

Park et al.[9]* ø(1)6 %C �$Á6 $-B |éêï

Ý6 ûN]yC Y(ω)6  ¡h ÑB<_ Z[6 ¹Æ8

uº</ mO8 �E<Ï?. �$Á6 ¥k* -<¬B

GN6  ¡h â-<�, àáBVW |éêïÝ6  ¡h

�¯3&?. d�[ |éêïÝ  ¡h ÑBÆVWÒ Z[

6 ¥k _]¥Â> tU<?[17].

Y ω( ) iω ωl( )

tc
---------- ε33

T 1 δ–( )( ) d31
2 Yp

E
–=

 Za ω( )

Za ω( ) Zs ω( )+

--------------------------------d33
2 Yp

λE tankl
kl

------------

⎝ ⎠

⎛ ⎞
+

ε33
T

Yp
E



150 HyeJin Jo, Hwee Kwon Jung, Tong il Park, Gyuhae Park

o', �$Át !"7Y ]^{L (* Gc� �6 $
-B |éêïÝ/ )*6 ø (2)³ ´> b�ü?. 

(2)

(3)

�$Át !"7Y ù$ú ]^+ ��, $-B |éê

ïÝ/ ø(1)T ´> b�, N }8 -\ )'� �$��

6 «¬B ÚÛÜÝY �<_ !"76 «¬B ÚÛÜÝ

t .� P?/ tj <Y ø (3)T ´> /ÎX?. ø (3)*
�$��t !"7Y ]^{L (* Gc� �6 |éê

ïÝC ø (2)Y[ §^ ß6 ¤F %8 0 ÕVW b�ü?. 
Ã, !"7Y ]^X Z[6 §^ GcY d� §^ß6

¤F %C *  ¡<Q {�, àáBVW Fig. 1

T ´> |éêïÝ6  ¡t â-X?[18]. d�[ $-

B |éêïÝC Y(ω)6  ¡h ÑBÆVWÒ Z[6 ¥
k>b ª* Z[ §^¨©8 SL° N }?. 

2.2 ./012 34 (),- 5678

-ëY MK<� }/ ì>(, Ã -1 ì>(h 2�W

34Q ijX |éêïÝ³6 �Àh rs Z[h uº

° �, kG> }8 �� Fig. 2³ ´> kGX Z[6 |é

êïÝt �t<_ -ë jGZ[~Y �s ?e |éê

ïÝ %8 5Q X?. >wo ÎG8 rs Gg�Àh ro

Z[Gcuº> tU<?. <L\ Gg�Àh ro Z[

uº 3, -1 ì>( Ã, jGZ[ ì>(Y �o ¿¾o

>st ��<?. 2p -1 ì>(6 ij �� H 0�X

§^� 5T ´* jMt ¨îyo ��Y/ 34Q ij

X |éêïÝ³6 �Àh f·° N ¸Q X?. >³ ´*

oÊ�8 A#<- ²<_ Overly et al.[14]* í�·-1ì

>( ¸> Z[~6 |éêïÝh Gg �À<_ ¹Æ8

SL</ ð�ñò8 �E<Ï?. 
Gg�Àh rs Z[6 ¹Æ8 SL</ ð�ñò* !

"7Y ]^X $Á Z[6 a �N Z[Y\ ¹Æ> ë7

Æ8 tjo?. d�[ Z[ uº 3 -1 ì>(h �!<

L (V�, ��  ¡ ª* §^� á8Y 9;<Q 2:<

L (/?.
Gg�Àh ro Z[ �t uº ð�ñò6 »¼/ )

*³ ´?. 

; !"7Y ]^X �$Á Z[6 |éêïÝ ij

< ijX |éêïÝ6 /1'¼ ÊÖ 

Yfree ω( ) iωωl
tc
----- ε33

T 1 δ–( )( )=

Y ω( ) iωωl
tc
----- ε33

T 1 δ–( )( d31
2 Yp

E
)–= =

Yfree ω( ) iωωl
tc
----- d31

2
( Yp

E
)–

iωωl
tc
----- d31

2
( Yp

E
)

Fig. 1. Slope change of the imaginary admittance with sensor
conditions 

Fig. 2. Imaginary admittance of healthy sensors and failure
sensor

Fig. 3. Longest distance from the overall change corresponds to
the change from unhealthy to healthy patches [14]
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Fig. 5. Circuit of approximating PZT impedance 



152 HyeJin Jo, Hwee Kwon Jung, Tong il Park, Gyuhae Park

Fig. 6. Sensor diagnostic process applied to aluminum plate at each temperature

Fig. 7. Sensor diagnostics with mixed temperature gradient de-
bonding sensors

Fig. 8. Sensor diagnostics with mixed temperature gradient
broken sensors de-bonding sensors 
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