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Abstract. For health monitoring applications under static loading, the capacitance variation of 
embedded polymeric piezoelectric P(VDF-TRFE) transducers was studied. The aim is to 
compare both experimental and numerical approaches. The experimental results show that the 
signature of the embedded capacitance follows the strain measurements. On the other hand, the 
MUL2 FEM tool was used to obtain the change in capacitance numerically while using a 
higher-order 2D model. A broad parametric study was conducted to investigate the effects of 
material properties on the results. It was shown that the change, and thus any uncertainty, of 
material properties (mechanical properties, piezoelectric constants, …) strongly influences the 
obtained capacitance. With many studies presenting the nonlinear behavior of piezoelectric 
materials under monotonic tensile loadings, a nonlinear dynamic analysis and further 
investigation is needed for achieving satisfactory results. 

Key words: Smart Structures, Embedded Piezoelectric Materials, Capacitance Variation, 
Carrera Unified Formulation (CUF). 

1 INTRODUCTION 
Polymer Matrix Composite (PMC) structures are subjected to different kinds of damage 
(delamination, fiber breakage, matrix cracking, interfacial debonding...). Such damage is a 
complex phenomenon that is impossible to predict during the life cycle prior to structural 
failure. However, due to the convenience of such laminated structures, built up of different 
laminas, it is possible to embed sensors between the laminas during the manufacturing step, 
leading to a structure with a sensing capability, i.e. Smart structure. One of the most extensively 
used sensors in such applications is piezoelectric sensors [1,2]. This is due to their 
inexpensiveness, versatility and availability. While ceramic piezoelectric transducers (PZTs) 
offer a good actuation capability, with high mechanical-to-electrical coupling, they are fragile 
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DQG� DUH� HDVLO\� GDPDJHG� XQGHU� KLJK� VWUDLQV.� 2Q� WKH� RWKHU� KDQG�� SRO\PHULF� SLH]RHOHFWULF�
WUDQVGXFHUV�FDQ�EH�XVHG�DV�VHQVRUV�WKDQNV�WR�WKHLU�KLJK�GXFWLOLW\�DOORZLQJ�WKHP�WR�HQGXUH�KLJK�
VWUDLQV >�@.

8QGHU� VWDWLF� ORDGLQJ� ZLWK� HPEHGGHG� 3=7� VHQVRUV� ZLWKLQ� 30&�PDWHULDO�� HOHFWULF� SRWHQWLDO�
YDULDWLRQ�IDLOV�WR�GHVFULEH�WKH�DSSOLHG�ORDGV�GXH�WR�WKH�RFFXUULQJ�GLVVLSDWLRQ�SKHQRPHQD.�+HQFH��
WKH� LGHD� RI� H[SORLWLQJ� WKH� XVH� RI RWKHU� GLIIHUHQW� VLJQDWXUHV� DV� 5HVRQDQFH� )UHTXHQF\�
0HDVXUHPHQW��(OHFWULFDO�,PSHGDQFH�0HDVXUHPHQW��'HFD\�7LPH�0HDVXUHPHQW�DQG�&DSDFLWDQFH
0HDVXUHPHQW� >4@.�*HQHUDOO\�� LQ RXU VWXGLHV��PDQ\� W\SHV� RI� SLH]RHOHFWULF� WUDQVGXFHUV� �3=7��
39')� DQG� 3�9')�75)(��� DUH� XVHG�� HLWKHU� HPEHGGHG RU� VXUIDFH� PRXQWHG.� ,Q� WKLV� VWXG\�
KRZHYHU� 3�9')�75)(��ZDV� XVHG� GXH� WR� LWV� ORZ� WKLFNQHVV� DQG� GXFWLOLW\�� HPEHGGHG LQ� WKH�
PLGGOH�RI�D�JODVV�ILEHU/SRO\HVWHU�VSHFLPHQ.�8QGHU�PRQRWRQLF�WHQVLOH�PHFKDQLFDO�ORDGLQJ��WKH�
FDSDFLWDQFH�YDULDWLRQ�ZDV�VWXGLHG�DQG�LW�ZDV�VKRZQ�WKDW�LW�IROORZV�WKH�VKDSH�RI�WKH�YDU\LQJ�ORDG.�
,Q� RUGHU� WR� REWDLQ� WKH� UHVXOWV� QXPHULFDOO\�� WKH� 08/2� )(0� EDVHG� RQ� WKH� &DUUHUD� 8QLILHG�
)RUPXODWLRQ �&8)��ZDV�XVHG.�:LWK�WKLV�WRRO��LW�LV�SRVVLEOH�WR�REWDLQ�D�WZR�GLPHQVLRQDO��2'��
PRGHO�ZLWK�KLJKHU�NLQHPDWLFV��DOORZLQJ�WKH�GHVFULSWLRQ�RI�WR�WKH�WKLFNQHVV�VWUHVVHV��ZKLFK�KDYH�
D�GLUHFW�HIIHFW�RQ�WKH�GHVFULSWLRQ�RI�FDSDFLWDQFH�FKDQJH�LQ�WKH�SLH]RHOHFWULF�PDWHULDO.�$�JRRG�
FRUUHVSRQGHQFH�EHWZHHQ�WKH�QXPHULFDO�DQG�H[SHULPHQWDO�UHVXOWV�DOORZV�IRU�WKH�FRQQHFWLRQ�RI�
WKH�EULGJH�EHWZHHQ�WKH�WZR��WKXV�GHYHORSLQJ�D�QXPHULFDO�WHVWLQJ�EHQFKPDUN.

2 MATERIAL AND MANUFACTURING
7KH�KRVW�FRPSRVLWH�PDWHULDO�PDGH�RI�22�SOLHV�RI�2/2�WZLOO�JODVV�IDEULFV�HDFK�RI�D�VXUIDFH�PDVV�
RI� 280� J/Pð� DQG� 0.2� PP� WKLFNQHVV� LQIXVHG ZLWK� D� PDWUL[� RI� XQVDWXUDWHG� SRO\HVWHU� UHVLQ�
(Norester 822 Infusion, Nord Composites) DQG�1��0HWK\O�(WK\O�NHWRQH�3HUR[LGH�KDUGHQHU.
7KH�PDQXIDFWXULQJ�SURFHVV�XVHG�ZDV�WKH�ZHOO�NQRZQ�/LTXLG�5HVLQ�,QIXVLRQ��/5,� UHVXOWLQJ�LQ
D� ILEHU�YROXPH� IUDFWLRQ YI  �50�.�7KH�HPEHGGHG URXQG SRO\PHULF�SLH]RHOHFWULF� WUDQVGXFHUV�
�' 25PP�� RI� 3�9')�75)(� 20μP� WKLFNQHVV VXSSOLHG� E\ Piezotech (Arkema) ZHUH�
HPEHGGHG�LQ�WKH�PLGGOH�EHWZHHQ�WKH�11WK DQG�WKH�12WK OD\HU�EHIRUH�WKH�LQIXVLRQ�SURFHVV ZLWK�
DYHUDJH�LQLWLDO�FDSDFLWDQFH��&0��RI�1.7�Q).

Figure 1: 6FKHPD�VKRZLQJ�WKH�HPEHGGLQJ�SRVLWLRQ�RI�3�9')�75)(��
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The resulting plate was cut into 300*40 mm2 specimens on which heals were glued at the 
extremities, using epoxy glue. The schema presented in Figure 1 shows the plate with the 
sensors connected and embedded.   

3 EXPERIMENTAL TESTING AND RESULTS 
The smart specimens were put under monotonic tensile testing with a loading speed of 2 

mm/min until failure. During this test, the local strain at the middle of the specimen was 
measured using an extensometer, and the capacitance measurement was registered using an 
LRC bridge (Rohde & Schwarz, model HM8118, capacitance resolution of 0.01pF).  

Figure 2: Stress strain curves during the monotonic tensile test of the smart specimens 

Figure 3: Capacitance change in embedded P(VDF-TRFE) specimens under monotonic tensile test 
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7KH�UHVXOWV�RI�WKH�FDSDFLWDQFH�ZHUH�SORWWHG�WRJHWKHU�ZLWK�WKH�UHVXOWV�H[WUDFWHG�IURP�WKH�WHQVLOH�
PDFKLQH.�Figure 2 VKRZV�WKH�VWUHVV�VWUDLQ�FXUYHV�REWDLQHG�LQ�WKUHH GLIIHUHQW�VPDUW�VSHFLPHQV.�
7KH�UHVXOWV�VKRZ�WKH�OLQHDU�EHKDYLRU�RI�WKH�PDWHULDO�XS�XQWLO�IDLOXUH.�7KH�VWUDLQ�YDOXHV�UHDFK�XS�
WR�1.7��EHIRUH�IDLOXUH�ZLWK�D�PD[LPXP�VWUHVV�RI�DURXQG��50�03D.�,W�LV�DOVR�ZRUWK�PHQWLRQLQJ�
WKDW�WKH�VSHFLPHQV�H[KLELW�D�VLPLODU�PHFKDQLFDO�EHKDYLRU��ZKHUH�WKH�FXUYHV�DUH�RYHUODSSLQJ.�

7KH�FDSDFLWDQFH�PHDVXUHPHQW�RI�WKH�WKUHH VSHFLPHQV�ZDV�DOVR�SORWWHG�DV�D�IXQFWLRQ�RI�WKH�
VWUHVVHV.�7KH�UHVXOWV�LQ�Figure 3 VKRZ�WKDW�WKH�FDSDFLWDQFH�PD\�H[KLELW�D�FRPSOH[�EHKDYLRU��DV�
HYHQ� WKRXJK� LW� IROORZV� WKH� VWUHVVHV� DSSOLHG�� WKH� EHKDYLRU� LV� QRW� WKH� VDPH� IRU� WKH� VLPLODU�
WUDQVGXFHV��DV�QRQH�RI�WKH�FXUYHV�DUH�RYHUODSSLQJ.�

4 NUMERICAL MODEL
6XSSRVLQJ�WKDW�WKH�YDULDWLRQ�RI�WKH�FDSDFLWDQFH�H[KLELWV�D�OLQHDU�EHKDYLRU� D�2'�PRGHO�RI�WKH�

VWDWLF�WHQVLOH�WHVW�ZDV�SURSRVHG��LPSOHPHQWLQJ�KLJKHU�NLQHPDWLFV�WR�WKH�WKLFNQHVV�RI�WKH�PRGHO.�
7KH�XVHG�QXPHULFDO�PRGHO�ZDV�WKH�LQ�KRXVH�08/2�)(0�PRGHO�EDVHG�RQ�WKH�&8).�7KDQNV�WR�
WKLV�PRGHO��LW�LV�SRVVLEOH�WR�XVH�WKH�2'�SODWH�PRGHO ZLWK��'�FDSDFLW\�XVLQJ�KLJKHU�RUGHU�PRGHO�
NLQHPDWLFV� WKURXJK�WKH�WKLFNQHVV.�7KH�/DJUDQJH�([SDQVLRQ� �/(��NLQHPDWLFV ZHUH�XVHG� DV� D�
OD\HU�ZLVH�H[SDQVLRQ�WR�GHVFULEH�WKH�WR�WKH�WKLFNQHVV�XQNQRZQ�YHFWRU 𝑞 = {𝑢, 𝑣, 𝑤, ∅} LQ�HDFK�
OD\HU�� ZKHUH� u, v, DQG�w DUH� WKH� XQNQRZQV� RI� WKH� GLVSODFHPHQW� FRPSRQHQWV� DQG� ∅ LV� WKH�
XQNQRZQ�RI�HOHFWULF�SRWHQWLDO. $Q�H[DPSOH�RI�WKLV�H[SDQVLRQ�LQ�OLQHDU �%2��HOHPHQW�LV�VKRZQ�LQ�
HTXDWLRQ��1��

{

𝑢 = 𝐹1𝑢1 + 𝐹2𝑢2

𝑣 = 𝐹1𝑣1 + 𝐹2𝑣2

𝑤 = 𝐹1𝑤1 + 𝐹2𝑤2

∅ = 𝐹1∅1 + 𝐹2∅2

�1�

ZKHUH�)1 DQG�)2 UHSUHVHQW�WKH�OLQHDU /DJUDQJH�IXQFWLRQV��ZLWK��X1��Y1��Z1��∅1� DQG �X2��Y2��Z2��
∅2��EHLQJ�DUH�WKH�GLVSODFHPHQW�YHFWRUV�RQ�WKH�WRS DQG�ERWWRP�QRGHV�RI�WKH�SODWH�WR�WKH�WKLFNQHVV�
HOHPHQW� UHVSHFWLYHO\.�7KH� OLQHDU�/DJUDQJH� IXQFWLRQV� DUH� H[SUHVVHG� LQ� WKH�QDWXUDO� FRRUGLQDWH�
V\VWHP�RI�WKH�SODWH�LQ�HTXDWLRQ �2��

𝐹1 =
1 + 𝜉

2
𝐹2 =

1 − 𝜉

2

�2�

ZKHUH��1��ξ �1��ZLWK�ξ  ��1��1�GHQRWLQJ�WKH�ERWWRP�DQG�WRS�RI�WKH�SODWH�Figure 4 DQG�WKXV��F1  �
0�� 1� DQG� F2  � 1�� 0� UHVSHFWLYHO\�� WKXV� DOORZLQJ� IRU� WKH� FRQWLQXLW\� RI� WKH� XQNQRZQ YHFWRU�
FRPSRQHQWV�DW WKH�LQWHUIDFHV�EHWZHHQ�WZR�FRQVHFXWLYH HOHPHQWV.�

Figure 4: /LQHDU�/DJUDQJH�WKLFNQHVV�IXQFWLRQV
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On the other hand, the strain-charge form of constitutive equations for a coupled 
piezoelectric problem is given by (3), where σ, ε, D and E represent the stress, strain, electric 
displacement and electric field vectors respectively, whereas s, d and χ represent the 
compliance, piezoelectric coefficient and permittivity matrices respectively, with the subscripts 
E, T indicating that the terms are evaluated at a constant electric field, stress.  

𝜀 = 𝑠𝐸𝜎 + 𝑑𝑡𝐸

𝐷 = 𝑑 𝜎 + 𝜒𝑇 𝐸 

(3) 

As the used piezoelectric material is poled in the z direction, the non-zero electrical 
displacement component is the z component (Dz) is written as: 

𝐷𝑧 = 𝑑31𝜎1 + 𝑑32𝜎2 + 𝑑33𝜎3 + 𝜒33𝐸3 (4) 

The capacitance of a parallel plate capacitor can be described as the charge accumulated on 
the surface (Q) over the applied voltage (V). This concept in [5] is exploited here, where the 
surface charge is given by the integral of the electric displacement Dz over the area of the 
electrode (A). 

𝐶 =
𝑄

𝑉
=

∮ 𝐷𝑧𝐴
 𝑑𝐴

𝑉
=

∮ (𝑑31𝜎1 + 𝑑32𝜎2 + 𝑑33𝜎3)𝑑𝐴
𝐴

𝑉
+

∮ 𝜒33𝐸3 
𝐴

𝑉

(5) 

The first term of the integral represents the change in capacitance (ΔC) and is the one we are 
interested in as the second one represents the free capacitor capacitance, C0 = χ33A/d, where the 
change in capacitance of 1% in this term due to dimension changes is assumed to be much 
lower than the experimental capacitance change (~5%) resulting due to the electromechanical 
coupling. 

4.1 Numerical Results 
The resulting numerical model can be shown in Figure 5 (a) where the embedded 

piezoelectric element was modelled in a circular shape, similar to that of the experimental case. 
The Layer-wise expansion through the thickness was the cubic (B4) expansion Figure 5 (b), 
which allows for the cubic expansion of the unknown vector in each layer.  

Table 1: Elastic and piezoelectric properties of the host and embedded piezoelectric materials 

Material E1 E2 E3 ν12 ν13 ν23 G12 G13 G23 
GF/Polyester 22.64 22.64 12.11 0.133 0.293 0.293 4.778 4.76 4.76 

Unit GPa GPa GPa - - - GPa Ga GPa 

Material E ν d31 d32 d33 χ33r 
P(VDF-TRFE) 1.0 to 2.6 0.225 6 6 -25 to -28 10 

Unit GPa - pC/N pC/N pC/N - 
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7KH�PRGHO�ZDV�IL[HG�DW�WKH�VXUIDFH�RI�RQH HQG��DQG�D�GLVSODFHPHQW�RI�2 PP�ZDV�LPSRVHG�RQ�
WKH�VXUIDFH�RI�WKH�KHHOV�� OHDGLQJ�WR�D�VWUDLQ�ε\\ RI�1��LQ�WKH�PDWHULDO DV�WKH�VSHFLPHQ�KDV�DQ�
HIIHFWLYH�OHQJWK�RI�200�PP EHWZHHQ�WKH�WZR�KHDOV.�7KH�PDWHULDO�SURSHUWLHV�XVHG�DUH�OLVWHG�LQ�
Table 1��ZKHUH�WKH�SLH]RHOHFWULF�PDWHULDO�EHLQJ�PRGHOOHG LV�WKH�3�9')�75)(�.

�D� �E�
Figure 5: 6KRZLQJ�WKH�QXPHULFDO�WHQVLOH�WHVW�PRGHO��D��DQG�WKH�NLQHPDWLFV�DW�WKH�HPEHGGLQJ�SRVLWLRQ��E�

$V�WKH�PDWHULDO�SURSHUWLHV�DUH�QRW�ZHOO�GHILQHG�IRU�WKH�SLH]RHOHFWULF�PDWHULDO� D�SDUDPHWULF�
VWXG\�ZDV�GRQH�ZKHUH�WKH�PHFKDQLFDO�DQG�SLH]RHOHFWULF�SURSHUWLHV�ZHUH�FKDQJHG�WR�GHWHUPLQH�
WKH� LQGLYLGXDO� HIIHFW� RQ� WKH� FDSDFLWDQFH� FKDQJH.� $W� ILUVW�� WKH� SURSHUWLHV� VXEPLWWHG� E\� WKH�
PDQXIDFWXUHU�ZHUH�XVHG��ZLWK�E  �1.0�*3D��ν  �0.225��d31 = d32  �6 S&/1�DQG�d33  ��28 S&/1.�
2WKHU�PDWHULDO�SURSHUWLHV�ZHUH�IRXQG�LQ�WKH�GDWDVKHHW�RI� WKH�PDWHULDO��ZLWK�E �2.6�*3D��ν  �
0.225��d31 = d32  �6 S&/1�DQG�d33  ��25 S&/1.�7KHVH�WZR�LQVWDQFHV�DUH�UHIHUUHG�WR�DV�,�DQG�,,�
UHVSHFWLYHO\.�7KH�PRGHOOHG�FDSDFLWDQFH�YDULDWLRQ�IRU�WKHVH�WZR�LQVWDQFHV�LV�ΔCI  �2.185 Q)�DQG�
ΔCII  �2.21 Q)�FRUUHVSRQGLQJO\��ZKLFK� LV� VLJQLILFDQWO\� KLJKHU� WKDQ� WKDW�RI� WKH� H[SHULPHQWDO�
UHVXOWV��0.085�Q)���ΔCexp��0.122�Q)�.�

7KLV�EHKDYLRU�PLJKW EH�H[SODLQHG�E\�WKH�FKDQJH�RI�PDWHULDO�SURSHUWLHV�XQGHU�WKH�HPEHGGLQJ�
SURFHVV�DQG�XQGHU�WKH�DSSOLHG�VWUHVVHV. $V�PHQWLRQHG�LQ�>6�7@ IRU�WKH�3=7 SLH]RFHUDPLFV� WKH�
HODVWLF�PRGXOXV�DV�ZHOO�DV�WKH�SLH]RHOHFWULF�DQG�GLHOHFWULF�SURSHUWLHV�RI�D�SLH]RHOHFWULF�PDWHULDO�
FKDQJH�QRQOLQHDUO\�ZKHQ�VWUHVVHV�DUH�DSSOLHG�SDUDOOHO�RU�SHUSHQGLFXODU�WR�WKH�SROLQJ�GLUHFWLRQ.�
$V�WKH�HPEHGGHG�WUDQVGXFHU�LV�VXEMHFWHG�WR�WHQVLOH�VWUHVVHV�DORQJ�WKH�WHQVLOH�WHVW�GLUHFWLRQ�DQG�
FRPSUHVVLYH�VWUHVVHV�SHUSHQGLFXODU�WR�WKDW�GLUHFWLRQ��LW�LV�GLIILFXOW�WR�REWDLQ�WKH�H[DFW�PDWHULDO�
SURSHUWLHV�IRU�WKH�PRGHOOLQJ�RI�WKH�HPEHGGHG�WUDQVGXFHUV�DV�IXUWKHU�LQYHVWLJDWLRQ�LV�QHHGHG�WR�
DVVHVV�WKHVH�SDUDPHWHUV��E, d13, d33, χ33��XQGHU�WKH�FRQGLWLRQV�DQG�VWUHVVHV�DSSOLHG�GXULQJ�WKH�
WHQVLOH�WHVW.�$IWHU�REWDLQLQJ�WKHVH�SDUDPHWHUV��D�QRQ�OLQHDU�WLPH�GHSHQGHQW�PRGHOLQJ�DSSURDFK�
LV�QHFHVVDU\��DSSO\LQJ�WKH�VLPLODU�DSSURDFK�WR�DFTXLUH�WKH�FDSDFLWDQFH�DQG�LWV�YDULDWLRQ.

'XH�WR�WKLV�GLIIHUHQFH��D�SDUDPHWULF�VHQVLWLYLW\�VWXG\�ZDV�FDUULHG�RXW�WR�GHWHUPLQH�WKH�HIIHFWV�
RI�WKH�FKDQJH�RI�WKH�GLIIHUHQW�SDUDPHWHUV��WKH�HIIHFWV�RI�WKH�SLH]RHOHFWULF�PDWHULDO�VWLIIQHVV��(���
SLH]RHOHFWULF�FRQVWDQWV��d33, d31���DQG�SHUPLWWLYLW\�HIIHFW��χ33r�.�,W�FDQ�EH�VHHQ�LQ�Table 2 WKDW�WKH�
LQIOXHQFH�RI�WKH�(ODVWLF�PRGXOXV��E��LV�DV�ZHOO�DV�WKDW�RI�WKH�FRXSOLQJ�FRHIILFLHQWV�d13, d23 DQG�

%4�HOHPHQW

%2 HOHPHQW

(TXLSRWHQWLDO��
OD\HU��HOHFWURGHV�

3LH]RHOHFWULF�
WUDQVGXFHU

+RVW�
PDWHULDO�

+RVW�
PDWHULDO�
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d33 seem to be almost negligible. The effect of the permittivity χ33r seems to be high. However, 
one must keep in mind that changing this parameter causes a proportional change in the initial 
capacitance (C0) as well, thus, if this parameter decreases, there is a decrease in the initial 
capacitance, which contributes in the decrease of total capacitance, and vice versa. The 
summation (ΔCtot) of the two terms ΔC and ΔC0 is the change in capacitance in this case, which 
has no major variation with respect to capacitance obtained in the other cases.  

Table 2: Sensitivity analysis showing the effect of changing the material property of P(VDF-TRFE) on the 
capacitance change 

General material properties 
(E = 1.0 GPa, ν = 0.225, d31 = d32 = 6 pC/N, d33 = -28 pC/N and χ33r=10) 

E 
(GPa) 

ΔC 
(nF) 

d31 = d32 
(pC/N) 

ΔC 
(nF) 

d33 
(pC/N) 

ΔC 
(nF) 

χ33r 

(-) 
ΔC, ΔC0, ΔCtot 

(nF)  
0.5 2.168 0 2.433 -30 2.188 2 0.453, 1.738, 2.191 
1 2.185 2 2.200 -28 2.185 4 0.886, 1.303, 2.189 

1.5 2.197 4 2.189 -26 2.181 6 1.319, 0.869, 2.188 
2 2.209 6 2.185 -24 2.178 8 1.752, 0.434, 2.186 

2.5 2.220 8 2.184 -22 2.176 10 2.185, 0.000, 2.185 
3 2.230 10 2.183 -20 2.173 12 2.619, -0.434, 2.185 

3.5 2.240 12 2.184 -18 2.171 14 3.051, -0.869, 2.182 

As the numerical results are still far from the numerical ones, further study is needed to 
understand whether the physical phenomena of capacitance measurement and variation is not 
well captured in (5) or whether the reason for this discrepancy is due to the material properties. 
It appears that the effect of the mechanical loading and stresses is overestimated when 
processing the numerical results, and thus, the capacitance variation obtained is 20 times more 
than the experimental case. For that, additional preliminary experimental tests and numerical 
comparison models are needed to well assess the effect of the different parameters involved.  

5 CONCLUSIONS 
A numerical parametric study regarding the influence of the change in the piezoelectric 

material properties of P(VDF-TRFE) on the calculated change in capacitance was carried out. 
The used model was the academic MUL2 FEM tool, using a layer-wise 2D plate model able to 
evaluate the thickness stresses. In parallel, the experimental results of the capacitance change 
of the embedded P(VDF-TRFE) under monotonic tensile test were presented, showing the 
evolution of the capacitance change in both cases. The numerical results obtained overestimate 
the effect of the applied load on the capacitance variation. As the numerical model used can be 
relied on, being highly used and well referenced in literature, further study is needed to 
determine the parameters leading to the inconsistency in the results. 
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