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Design of Dielectric Electroactive Polymer Sensing Cell
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Abstract; As a new smart material, dielectric electroactive polymers ( DEAP) have shown great promise
in the fields of sensing and actuation owning to their excellent overall performance, including large
deformation, high efficiency and energy density. Based on the capacitance change principle of the
polymer when deformed, a sensing cell composed of an outer frame, an inner frame and a sheet of DEAP
film that was divided into four partitions coated with flexible electrode was designed and implemented.
When the DEAP film was stretched or shrunk by the mobile inner frame, the flexible electrodes on both
sides of the film come closer together or away each other, respectively, leading to changes in
capacitance. A geometrical model of the proposed sensing cell was developed and the relationship
between the capacitance of the sensing cell and the displacement of the inner frame was deduced. A
differential approach was used to measure the variation of the capacitance of the parts face to face, and
the capacitance difference of two opposite parts in function of the inner frame in-plane displacement was
developed. Moreover, 2-DOF angular sensor by the sensing cell was designed and applied to angle
measurement, and similarly, a differential approach was used to obtain the curve of the capacitance
difference with the joint’ s rotational angle. The experimental sensitivities of X-translation, Y-translation,
X-rotation and Y-rotation were respectively —57.2 pF/mm, -58.0 pF/mm, - 139.4 pF/(°) and
141. 6 pF/(°), which were agreed well with the theoretical results. The research result verifies the
feasibility of the application of DEAP in displacement sensor and angle sensor.
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Fig. 1 Structure of sensing cell
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Fig.2 Manufacturing process of sensing cell
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Fig.3  Prototype of sensing cell
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Relationship between capacitance difference

of cells A and C and inner frame displacement
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cells A and C and inner frame displacement along Y-axis
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X-rotation of guide bar

Az (8) L (10) A= (11) n] 45

AC, =ma (12)
oop " :4blt3,€n
0

b AC——Y Ui A
O fh e BT 2 KO 5 L m R
4.3 HEUE

AR FAF R JE 1 140 mm , 6 55 Bl 7R
I GESC( A S mm, ShE 14 mm) , % 83 54
AL XY A IR 2 A 22 AL A B TR,
V12 R g I 6 A I 1 e
FEE AL XY WA T AT
RIS 45 2R R AL B Y B 3 1 R R T ) E 7E
XOY - 16 P9 F- B W\ T4 301 5 FF 26 26 IS 5 e %, i 5
S IR BD AN AC T 25 20 26 10 oL 75 22 145 4
SFFR AL YOV T U X A Y 7 E (88,
T S HE A B 28 %5 X A Y BB e £ L 13
FR N Y 7 1 F L 2 AC, 548 X BTERE i o
%%, M E M AC, 5 o LT 522 1 %
E
4.4 BE

IRVRE PR B /D — 7 o 400 4 7 R0 2 K 5 19 5
R4 RFES FRIFEL R, TR H AC 235
JEM ' 1 BD 20T HY ' 15 TG T R 5% R R
I, AC 1 u/F BD ) o JLT- N BT HE .

P12 SRy e o o B

Fig. 12 Measuring device for joint’ s rotational angle

B 13 00 A CMIBA 2R S FHZE X MM X R
Fig. 13

Relationship between capacitance difference of

cells A and C and X-rotation of guide bar

T4 ACEFEIRELERSERER
Tab.4 Calibrated and theoretical results of cells AC

e VEE b L B
2% X Wit RBE o'/ (pF-(°) ™) -139.4  -186.4
LE Y MhBERE RALE w'/ (pF-(°) 7)) 0.12 0
IR A 2210 n'/pF 23 0

*5 BDEFEIRELEREEIRLER
Tab.5 Calibrated and theoretical results of cells BD

BH PR R
%6 X B R R o'/ (pF- () ) ~0.30 0
L5 Y B R B '/ (pF e (2) 1) 1416 186.4
8o 2 0 '/ pF 1" 0

5 RESW

5.1 EFHEH

Xt F AL RO, ol iz 3 AR 4 4
WAHEHT Z 32 ISE XY A Z e

WAHEE Z PR B 2, I 14 fros, T
SERXTFR , U ITTH AL A, R U T

1t Ah Ky
Ah=h'-h= /W +2 -h (13)

1 b\

Y h
& 14 NIENT Z #or#%

Fig. 14  Translation along Z-axis of inner frame

WAHESE X Gl A Y RlRE % , T 4 A X AR, T AT
I —Fp oy A G BLISE X Bl e A dn 18] 1S Biros ) 4 A
B IE B TR B St R A BB IE o B AR AL AR

Ah:/(m;)2+(;)2_2(h+;);cosa_h

(14)

I\

~

A 0— ik M
o T NHESE Z il /)N i L 5% , B0 T 3 5 1 AR
PR 16 BRSO R AL AL



388 & A Bl B ¥ i

2017 4

- - h
7 - A

2

L\ N~

B 15 NHESE X Rie s

Fig. 15 X-rotation of inner frame

Bl 16 MWHESE Z Bies%
Fig. 16  Z-rotation of inner frame

5.2 fERBTHMERE

2B BTk B b b, (b, F b X HLZE 25 MH
AC 1y sZmm 2 (7) %y SR 8053 AT SR A5 22 3l B G Y
RGP EH

IAC 2e.8,

ay Ly

H 2 (15) 7] & AL R T iy R B IR R 2 —
AR, BRI X 2 A U OT Y L A 25 1 S AL 8 O
AR LML R X F B O HAE 2855 5 3 g
4 U AOT U 2 50& A A TR
5.3 RIEWHRMIRE

IR AT HT BT DL R : @ DEAP JE 45 4b A%
W5, QWA XA BN, QR
100% 7 5 o

SiPR b, DEAP JREAZ I & Ff E 25 N AE BE 25 09 1
KM/, U 6 A2 T8 5 IF AR ™ 4 LR R .
TGRS 2 G DEAP JEAY 22 M A2 JE , iy
ez 8] 23t AL, S BOHA ROE X T AR A LT 2
VO E , FLIE & AL T8 1 38 O, X A Y 52 ) 23 K
JIT LA S 00 f R 2 2 L RO 1 I /)N , O HL Bl & 28 T8 19
B, P Z )RR 25 23 B W K. LAk, DEAP fii
ARRT A v RO AR 8 80, 23 B E R B2 1Y 9 /) 1T
N
5.4 DEAP EE&£4E LN

PUAE 76 1 T N L B8 i K3 B0 DEAP R 4%

[b0+be+ (:—"‘—i)y] (15)

A0 h Cco

(E17) , 3 EUR o2 pr i BRUCEE 21

Bl 17 DEAP i f5H 4%
Fig. 17 Wrinkling of DEAP membrane
55 HEIRE
HF ol <am/2, Bl tanee JB& IF 8RR HOBU
3

tana=a+%+0(a3) (16)

oz (8) . (10) A (16) AJ 43

Ac,zma—m%+()(a3) (17)
fli R 22
3 a3
|R|<ma?<m 2% =0.07 pF (18)

130 (18) PRI 3R 22 R AR/, P AR Al

6 ZEFRiIF

Wil T —Fh 3L T DEAP (L AT . 41 %Fi% 1%
ST, Ny H LA A AR, 43 BT B BEURR B 5T ) L AR
MNHENFE K FR . R 22 3h I 7545 i 25 25 (A
WHENI RS R, 5 T —Fh — A R sh 67,
I I FH 2% A % o e I e L3 A ol 7 T 6T T AU PR
TG LR 2 AL I 2R o I 4 2 s oy X
BOAD Y HhoF R R MOE 3 A - 57.2 pF/mm Al
-58.0 pF/mm, 58 X iR Y %l e i R B 5 5k
- 139.4 pF/(°) Fl 141. 6 pF/(°) . ik B &5 5 5 5iF
TR A B, KW T DEAP B T B R T )
AT [ B OR TR R OTAE £ A d O T
o 5 R Bl 56 5 o I Sy TV AE 04 N i

=
slo

& % x Wt

1 TRIVED D, RAHN C D, KIER W M, et al. Soft robotics; biological inspiration, state of the art, and future research [J].
Applied Bionics & Biomechanics, 2008, 5(3) .99 - 117.

2 GIRARD A, BIGUE J P L, O'BRIEN B M, et al. Soft two-degree-of-freedom dielectric elastomer position sensor exhibiting linear
behavior [ J]. IEEE/ASME Transactions on Mechatronics, 2015, 20(1) :105 - 114.

3 PARK Y L, CHEN B R, WOOD R J. Design and fabrication of soft artificial skin using embedded microchannels and liquid
conductors [ J]. IEEE Sensors Journal, 2012, 12(8) ;2711 —2718.

4 ULMEN J, CUTKOSKY M. A robust, low-cost and low-noise artificial skin for human-friendly robots [ C] // 2010 IEEE
International Conference on Robotics and Automation (ICRA), 2010,58 (1) :4836 —4841.



%3 1 FACH] 25 A R BT R R A Y AR R OT IRT 389

10

12

13

14

15

16

20

21

22

23

24

ROBERTS P, DAMIAN D D, SHAN W, et al. Soft-matter capacitive sensor for measuring shear and pressure deformation[ C ] //
2013 IEEE International Conference on Robotics and Automation, 2013 .:3529 —3534.
MAJIDI C, KRAMER R, WOOD R J. A non-differential elastomer curvature sensor for softer-than-skin electronics [ J]. Smart
Materials & Structures, 2011, 20(10) :1487 - 1490.
PARK Y L, MAJIDI C, KRAMER R, et al. Hyperelastic pressure sensing with a liquid-embedded elastomer [ J]. Journal of
Micromechanics & Microengineering, 2010, 20(12) ;125029 - 125034.
WONG R D P, POSNER J D, SANTOS V J. Flexible microfluidic normal force sensor skin for tactile feedback [ J]. Sensors &
Actuators A; Physical, 2012, 179(3) :62 —69.
KIM H J, SON C, ZIAIE B. A multiaxial stretchable interconnect using liquid-alloy-filled elastomeric microchannels [ J]. Applied
Physics Letters, 2008, 92(92) :011904 - 011904 - 3.
CHENG S, WU Z. A microfluidic, reversibly stretchable, large-area wireless strain sensor [ J]. Advanced Functional Materials,
2011, 21(12) ;2282 —2290.
KWON D, LEE T I, KIM M S, et al. Porous dielectric elastomer based ultra-sensitive capacitive pressure sensor and its
application to wearable sensing device [ C] // Transducers — 2015 18th, International Conference on Solid-State Sensors, Actuators
and Microsystems, 2015:299 —302.
TAKAO S, TSUYOSHI S, SHINGO I, et al. A large-area, flexible pressure sensor matrix with organic field-effect transistors for
artificial skin applications [ J]. Proceedings of the National Academy of Sciences of the United States of America, 2004,
101(27) :9966 —9970.
WANG X, YANG G, XIONG Z, et al. Silk-molded flexible, ultrasensitive, and highly stable electronic skin for monitoring
human physiological signals. [ J]. Advanced Materials, 2014, 26(9) :1336 - 1342.
FAN F R, LIN L, ZHU G, et al. Transparent triboelectric nanogenerators and self-powered pressure sensors based on
micropatterned plastic films [ J]. Nano Letters, 2012, 12(6) :3109 -3114.
ZHU G, YANG W Q, ZHANG T, et al. Self-powered, ultrasensitive, flexible tactile sensors based on contact electrification [ J].
Nano Letters, 2014, 14(6) :3208 —3213.
WANG Z L., WU W. Nanotechnology-enabled energy harvesting for self-powered micro-/nanosystems [ J]. Angewandte Chemie
International Edition, 2012, 51(47) :11700 -21.
BAUER S, BAUER-GOGONEA S, GRAZ I, et al. 25th anniversary article: a soft future: from robots and sensor skin to energy
harvesters [ J]. Advanced Materials, 2014, 26(1) :149 - 161.
PELRINE R, KORNBLUH R, PEI Q, et al. High-speed electrically actuated elastomers with strain greater than 100% [J].
Science, 2000, 287 (5454 ) .836 —839.
R, sk, T, 5. N BIREER G YIRS 5% 2 1 R SR BESELI/OL]. R AL =4z, 2015, 46(7) :
332 -338. hitp: / www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 20150747 &journal _id = jesam.
DOI:10.6041/j. issn. 1000-1298. 2015. 07. 047.
ZHU Y L, ZHANG X Y, WANG H M, et al. Research on actuation control of dielectric electroactive polymer rotary joint
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(7) : 332 —=338. (in Chinese)
B, EALT A IS A o S AR 5 A T B Sl s 1 SRR PR A3 BT [J/OL ] ol ML 4 4R, 2012, 43(9) = 202 - 208. hutp: //
www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no =20120937&flag = 1. DOI:10. 6041/j. issn. 1000-1298. 2012.
09.037.
LUO H A, WANG H M, YOU Y P. Static characteristic of dielectric elastomer cylindrical actuator[ J/OL]. Transactions of the
Chinese Society for Agricultural Machinery, 2012, 43(9) . 202 —208. (in Chinese)
B, AW, SRR BB SRR AW IR HTE K St 45 S BT [I/0L] . Rl MU=, 2016, 47(4) :355 -
363. http; // www. j-csam. org/jcsam/ch/reader/ view _abstract. aspx? file_no = 20160447 &flag = 1. DOI;10. 6041/j. issn. 1000-
1298.2016.04.047.
LUO H A, WANG H M, ZHU Y L. Analysis of structure parameters of dielectric electroactive polymer cylindrical actuators
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(4) :355 —363. (in Chinese)
CRAPI F, ROSSI D D, KOMBLUH R, et al. Dielectric elastomers as electromechanical transducers [ M ]. Oxford: Elsevier,
2008 .3 - 13.
R AR EAP R REEFAROIAI D] B at: B s aS i R R, 2011,
ZHAO J. Research on energy conversion of electronic polymer generator [ D]. Nanjing: Nanjing University of Aeronautics and
Astronautics, 2011. (in Chinese)
A AL B EAP ZHURRERT (D). B Rt M a2 A R R, 2012,
YUAN T Y. Research on dielectric EAP generation characteristics [ D ]. Nanjing: Nanjing University of Aeronautics and
Astronautics, 2012. (in Chinese)



