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Fabrication and application of mesh flexible strain sensor

XU Ligiang"?, SUN Quan®, ZHAN Zheng' , YANG Runhong®, TANG Zhijie*, LU Yebo™"*
(1. Key Laboratory of Medical Electronics and Digital Health of Zhejiang Province, Jiaxing University, Jiaxing 314001,
China; 2. Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech University, Hangzhou 310018,

China; 3. College of Information Science and Engineering, Jiaxing University, Jiaxing 314001, China)

Abstract: In view of the wide application of strain sensors in human motion monitoring, health monitoring and
other fields, it is important to design flexible strain sensors with high sensitivity and large strain range. In this paper,
the quadrilateral and hexagonal mesh flexible strain sensors were prepared by template method based on Ecoflex-
graphene composites. By comparing the strain range and tensile breaking limit of two different mesh sensors, it is
found that the comprehensive performance of hexagonal mesh flexible strain sensor is more excellent, and under
the condition of 80% strain, the tensile/releasing fatigue life detection is carried out. The sensor shows good reli-
ability, and the sensor performs well in monitoring the elbow joint movement and different breathing conditions of
the human body. A multi-channel detection system was constructed by combining hexagonal mesh flexible strain
sensors to realize multiple gesture recognition, which has a broad market application prospect in the field of
artificial intelligence and motion recognition.

Keywords: flexible strain sensors; graphene; mesh structure; health monitoring; gesture recognition

UTAFER S AT L i/ mT 2 O AR 1 R ‘%LE‘J&% BT AR B S H R R A
N2z gl ET&%”P{W'%‘J\EWT‘(%TE?( B S P N AR AR I AR, AT R T TR AL SR AR Y

OGN, o, HDRMEIILAGZ 3 . R | E’F%Mﬂ%ﬂ/n*’@%/l\ﬁﬁ, I H B A A S HRE .
R 75 4% 2 FITI TRE W 0 1191 g 22 e 7 A% A R 28 A F FI i AR 3 P 04 5 R AR T B4 5 B 0 R AT

YRR B 2022-05-09; {2 E HHEF: 2022-06-11; KA HEHE: 2022-07-28 ; WA HLRIE: 2022-08-05 09:26:41

4B & i3k . https://doi.org/10.13801/j.cnki.fhclxb.20220804.002

EEWH: R RIT H (2021 AY10061); #7148 K AE QRS SR (2022 R417 A032); 55242 B K2 AERHIFI 2Rk (CD8517211438)
Science and Technology Bureau Project of Jiaxing (2021 AY10061); Xinmiao Talents Program of Zhejiang (2022 R417 A032); SRT Program of
Jiaxing University (CD8517211438)

BIEIEE: FOl, WL, BuR, IFRIT 10 A AL S E-mail: luyebo@zjxu.edu.cn

SIAREN: VR, IMY, BB 45, WIS TR R AR 1 il 2 S REHT (7). B8 MR, 2023, 40(2): 970-977.
XU Ligiang, SUN Quan, ZHAN Zheng, et al. Fabrication and application of mesh flexible strain sensor[J]. Acta Materiae Compositae Sinica,
2023, 40(2): 970-977(in Chinese).



https://doi.org/10.13801/j.cnki.fhclxb.20220804.002
mailto:luyebo@zjxu.edu.cn

VRRIBE, A AR XS0 M 7 2 A SRR i 10 o 8 B 1o

<971 -

SR AKL . B3, 4- A OIGVEW R LG ik
(PEDOT : PSS) il 7 8 45 "*", il &1, Zhang % "
WA T — 5T R 48 0k B /2 B 2B /Ecoflex
fR K 2% 25 0 0 2 P I AR AR AR, BT T 2k
SR AR, DR AR T AR AR AR T R AR
J% A8 {5 Bl . Slobodian % P 4 HY T — Fh 3 T fk 44
PN R R S Ay R R L (o S I U ¥
JER A 1 7 AR AR b S BE T X AR A 5 5 R
X 28 T2 M 7 AR 1 R A R N A A% S v e e
2 — R 2, ER R T 0k S A e
) gy A, BRI X A AN . Sy — T,
W WAL AR T R S50 £ 20T DL oy S & - 5 A
BR824 RN A% TR B2 4% 40 Zhang 45 )
35 BB 98 K A5 DTN S Ecoflex b il 46 th LG 4
TR R AR RS, AR T RS s A,
ERAE S AR, [ i A5 s (0 2 % 541K
Zhou 45 P4 F) AR 44 K 28 i £ 0 6T 45 4 1 4 )R
VB, SR G R 2 o SR R e
M b, 5 4 JE RS 2 v AR A R i A, (H
JE T2 m R e VR R 2, LIRS A Fir A
e A 35% WA R, BT ARRE SRR K,
T AR R 1) PR il A% B A I i T S5 0 3 o S
T LR el a0, JeE R AR ERE b i R
R G I 2R A I R AR AR SR A, FEAS SR L R
I il 5 M) 450 8 v LA ) G AT

ASCHF K T —Fh 3T Ecoflex-7 8845 52 4 41 %}
{10 Do A 2 2 0 By B A IR A, WIE TR B, AR
L3 (AR DA S [ETIE SO i W S s D E VA R e 2
R 8 A R oT 07 B A 1 e A%
SR RN 7S 7T WA 25 4 B P AR P RE L (R B X PR e
P R R A U 244 PR AN AT Sk AT T A
b, FR M BR B 4F 1 7S T8 A 2 PR AL A
I FH T AR T Tt 25 A 000 R0 A ] I 2 bR 2 e e
SEPL T ASTA] AR IS SR A 0 U W T RE L R
A LA NI A RPN AL IR, W T £
HIER RS, SCH T 2R FEGUN

1 XWMBEFE
1.1 E#w

TR R R R A TR MR BRI 0GR, TEAR
e HAT T R R S B Y R G OK A SR 0
MR (ZHJE 99%, At 5 9 KA B R A R
Ao [, ST AR R L Sl R4
SEPERE, VERER O BIR FL A4 BE 5 X 900%

19 Ecoflex 00-30(& [ Smooth-On).
1.2 MK R ERE

B, ffi H Solidworks #4725 ¥ 1% 11, JIf 4%
G 3D AT ERELARFT B L AN [7] 0 4 245 44 15 B 2 A L
$RJ5 , B Ecoflex 00-30-A 5 Ecoflex 00-30-B i ik %
FARALE 1 VIR G 7E S bettrh, PRI G & 1Y
ABIEHAR, B ERIRG W 5T he kG e v 2 6l
R Horp, Ho ) Ecoflex 1R & W 5 A1 580
BT L 10 013, e, JCE TR HL RGO R T4
A (g —fE R 22 AR A PR A E)) o, B s i 7R
60°C, FFZzimi 2h 5 AL Bt o3 B i R A 15 IRk
ar o, o IR WA AR IR g 1 A5 S 80
50 mmx20 mmx1mm, 1F P93 B fL a9 i K R
4.56 mm; 7NIE ML SR A5 H 2400 50 mmx
20mmx1 mm, ERBIEANIAK K 2.63mm, 58
AR A 1 PR

H

Ecoflex il Graphene
- -

i §

P PO SRR i i AR P

Fig.1 Fabrication flowchart of mesh flexible strain sensor
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Fig.2 (a) SEM images of sensor surface; ((b)-(d)) Sensor EDS element

distribution map; (e) XRD patterns of Ecoflex and Ecoflex-graphene
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Table1 Comparison of resistivity and tensile strain
parameters of different Ecoflex-graphene contents

Mass ratio of Electrical

Sample Ecoflex : graphene resistivity/(Q-m) Strain/%
a 1:0.10 10 350.00 460
b 1:0.11 2420.00 320
c 1:0.12 58.91 245
d 1:0.13 1.94 160
e 1:0.14 1.05 114
f 1:0.15 0.68 95
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Fig.3 (a) Finite element analysis of quadrilateral mesh sensor model; (b) Finite element analysis of hexagonal mesh sensor model
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