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Fig. 1. (a) Positive piezoelectric effect; (b) converse piezo-
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Fig. 2. Working principle of piezoelectric sensors in differ-
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ent states: (a) No pressure applied; (b) with pressure ap-
plied.
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Fig. 3. (a)-(f) Fabrication process of the piezoelectric sensors; (g) picture of fabricated piezoelectric membrane; (h) microscope

picture of the piezoelectric membrane.
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Fig. 4. (a)—(d) SEM images and nanofiber diameter distribution maps of nanocomposite films with different concentrations;
(e) XRD spectra of PVDF and EtP doped nanocomposite films.
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Fig. 5. (a) Testing system of the piezoelectric sensors and a sensor sample; (b) the output voltage testing of the sensors with vari-

ous PVDF/EtP concentration; (c) relationship between the output voltage and the sensor size; (d) relationship between the output

voltage and the applied force; (e) the average output voltage magnitude of fabricated sensors under different force; (f) piezoelectric

coefficient test.
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RIS O 5T BRI, FIR 38 DA A%
YR R i 2 TR A S AR, HmA R
B U B R B0, ARAS I S A
F, DRI AT LA 200 S 37 2 2T, A5 B3 T A
BB SRR R A, BEE, S T IR S i
FEAIRS K IF PR AR s e R 5 A A 55
AR, A SR T i e, o s
TR 5 B LS M B LA S, B S (2 ]
AL/, S i A S A, OF
S, RS SRR, R (S
SR A R I (R S AR R %
VR A A IE AL HEAR 3 3o R/ ML 7 T
bR PR, 155 R MRE A5 S FE H A0, HEm R
B B RA S, TR A A . 1E 22 IR
SRR IE 2 )5, T DR LA 5P SR Y
R )88, A SCEGHE T AMPD( [ 8h 2 N BEWEE 6

) k. %75 vk T i 22 RORE A AR g 20 o i
U5 S AT Z BRI AL B, A AR Rl BRI 155
WA BlE, AR RUET, 456 Rl o R H siw
MBI, PUMPEE AR frJ, IR H
AR T BRI AR, 1 Sl ) fe 2 e
R UG, DA TIT B g A A 00 1 B P A5
PE. X — R AN RS S A BAPBR, AR SCA Rt %
BT MRS IR TR EERS, PRI PRI T RS
HIRSRHERFAE, B OR 115 S AL BE R AT SRR AIER 1.

R, X A AL AR St 1 L A RN
RIE B, FFA0 T 1 I AR AR 2 i iz
S pok 55, DRSS RN 7(c) Bz, M (I)
BIMEALE R T LI, 5 TR -5 s R i el ot
BEAN—7E B ST, T RAL RS REAS BB h T4
F 7= A A INVAETE , T A A5 T D 58 B IR L
LIRS, AR IR B ASIN 2 45 I i 1 g . e M

075201-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

W F R

Acta Phys. Sin.

Vol. 74, No. 7 (2025) 075201

(a) JE AR S {55 RESE IR =]
M (I (1) I
EER
Ny
o) ’ H ’H PCLfifl  |EE)|
Hfaf A/DC
e L i
© iy A o
. 2130p [ 1 I . ‘l\ A
g Al oA i . N\ A L
E 4797 | ‘ \ﬁ " ..I”\"/ ‘l‘ ’AH\ ‘g, . '\‘\\,,’«\ 1} “ N ; \ “ l , ‘\ ‘\‘ 'I’\‘\
£ _1173f ||V VY Y || " VV Y V \l Vo
S i
~ _ogoal .‘ voa | M’
RN | |
IR 300 600 900 1200 1500
Time/s
389.3 r' i ' -
216.6 f \ i i
> (' N ’\ .l A H A
E 439t ‘ ,"'"\ /| \ A,"|,\ f
% ' 5 W’“\/N\/ VTV
£ 1287} R AT H L
o
~ _s014f \l' ‘l,’ ||
| v
L
0 600 900 1200 1500
Time/s

&l 7
A T ARG, Hor (1) S F484% 5 (IT) 9 i s
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Abstract

In recent years, polyvinylidene fluoride (PVDF)-based nanofiber membranes, as key materials for
applications in sensors, energy harvesters, and flexible electronics, have received significant attention due to
their excellent piezoelectric properties. However, the research on the piezoelectric performance of PVDF
membranes is still limited because of their intrinsic structure and material characteristics. Therefore, in this
work, the effects of filler doping on the properties of PVDF nanofiber membranes are investigated to enhance
their piezoelectric performance and stability. Using electrospinning technology, electret particles are
incorporated into PVDF nanofiber membranes at different concentrations (e.g. 1%, 1.5%, and 2%).
Characterization tests of the composite nanofiber membranes, such as scanning electron microscopy (SEM) and
X-ray diffraction (XRD), reveal that the doping of electret particles can increase the average fiber diameter and
enhance the B-phase content. In the piezoelectric performance tests, the piezoelectric sensors made of nanofiber
membranes doped with electric particles show significant improvement in electrical output at a test pressure of
20 N. Furthermore, increasing the membrane area and using higher pressure can further enhance the electrical
output. These results show that the piezoelectric properties of PVDF membranes can be effectively improved by
appropriately doping electric particles. Stability tests carried out three months after sensor was fabricated shows
that the electrical output stability of the piezoelectric sensors containing electric particles has been significantly
improved. Additionally, an efficient signal processing method is proposed, with an FIR digital low-pass filter
used to remove high-frequency noise. This method is not only a smoothing prior method to eliminate baseline
drift, but also an improved AMPD algorithm to accurately detect the peak position and features of the
piezoelectric signal. This method can significantly enhance the stability and accuracy of signal feature
extraction. All in all, this study presents a simple and effective approach to improving the piezoelectric
performance and electrical output stability of PVDF nanofiber membranes through the combination of filler
doping and electrospinning technology. This method not only optimizes the performance of PVDF-based
composites but also provides new insights into and technical support for their broad applications in energy
collection, smart sensors, flexible electronic devices, and other fields.

Keywords: electrospinning, electret particles, PVDF nanofiber membranes, signal processing
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