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Abstract: An equal-strength cantilever beam sensor based on the multi-layer ionic skin ( flexible capacitance
sensor chips) was designed and prepared, to solve the problem that most existing thin-film-structure flexible
sensors cannot simultaneously measure concentrated normal forces and displacements. The proposed sensor is
comprised of the multi-layer ionic skin and the equal-strength cantilever beam. The normal contact forces or
displacements can be acquired through measurement of the capacitance change of the sensor, with the free end

of the beam contacting the measured object. A theoretical sensing model of the relationship between capaci-
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tance change and force/displacement was established and then verified through displacement/force loading
tests. The test results show that, the sensing model is in good agreement with the test data. For the measure-
ment of force and displacement, the sensitivity of the sensor with a 4-layer structure is 1.855 mN/pF and 0.694
mm/pF, respectively. The minimum measurable force is 0.02 mN and the minimum measurable displacement is
0.01 mm. At the same time, the sensor shows good linearity (R*> = 0.994). This sensing model provides a theo-
retical basis for the design of such sensors with good application prospects in the fields of flexible machines and
medical health detection.
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Fig. 1 A force/displacement sensor based on a variable cross-section cantilever beam

with the double-layer capacitive sensing chip
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Fig. 2 Schematic diagram of the deformation of a single-layer capacitive sensing chip under uniaxial stretching
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Fig. 7 The relationships between capacitance changes and displacements with different-layer capacitance sensing chips

4 B AE I K

R T E B U R A% e 1) RBURE DI R I, o A SR 1Y) I (L ( RE I 1 BN ) 5 B M ) HEAT IR, O
e HA A R T AT X L

h T AR B s T RE I & 1) Fe /N7, A 8 (a) iR B BT EE R 2 mg(0.02 mN) MK T T4 iCE T%
RS H ) HREY G BN 8(b) Fis, AR IR FCE 2 mg BYATR I, AT AT B B HL AR E By AR
b, A 29 0.037 pF PRIHGZAL AR AT A 328 0.02 mN LA B ARER 1 s AR TSGR i 2=
PRI AL A A A% Jaeds B A, T & 1) fe /N BN

N T AR RS T RE I i i) e/ MRS, A 9 () R A5 RS FI e s i 3 A AT iz Y e e 8 5 T gt
AL ( HJ-500 kg, Domngguan Hongjin, China) #Hi%E+z , #HlX50 ML , WML RS H 1 vt s 57 19 °4 0.01 mm
AR AR AN 9(b) s, 46 R 0.01 mm B, &R AE I B A8 ki, Bk 297k 0.007
pF HZ AR AR AT A 0.01 mm KA BRS8N 2 P AHA T LA SCHR A B AR SR8 | 1A% Sk X
B 1 B/ NG FEAR AR g SCHR 16,34 ] v (9 B (EL AR AR BEAIG, (EHC S B B A% SRRt | T AS SCA% SRR AR R R 3R W
JE/IN 385 T 22 5900 Jo ) )

0.050
- onl |0ff
0.040 | o gl > PN
0.030} T 0
e - i ¢ 3
£ 0.020 \
3 . |
T o © & o
0.010 ! Lo ¢
i L o TO q
of - Sl - Mgl -
& ° o(!g:
-0.010 -

T/s
(a) 48 (0.02 mN) HUE TR A B (b) 0.02 mN J7 1 FIm &t () it 2272 fL
(a) The paper sheet (0.02 mN) placed at (b) The capacitance changes under the load
the free end of the sensor in on-off states

8 /MK

Fig. 8 The test of the minimum force



784 A R~ G SO | ) = 2024 £ 3 45 %

R ARG AT A /N Ty L

Table 1  Minimum detectable forces with different sensor types

source type minimum detectable force
ref. [27] capacitance sensor 0.07 N
ref. [ 28] capacitance sensor 0.01 N
ref. [29] capacitance sensor 0.009 N
ref. [30] capacitance sensor 0.05 mN
ref. [20] fiber Bragg grating sensor 0.011 N
ref. [31] piezoresistive sensor 0.08 N
ref. [32] piezoelectric sensor 0.05 N
ref. [33] optical sensor 0.52 mN
this work capacitance sensor 0.02 mN
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Fig. 9  Test of minimum displacement
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Table 2 Minimum detectable displacements with different sensor types

source types minimumlimit of force detection
ref. [20] fiber Bragg grating sensor 0.005 mm
ref. [34] fiber Bragg grating sensor 0.01 nm
ref. [35] flexible ultrasonic sensor 0.01 mm
this work flexible capacitance sensor 0.01 mm
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FEPERBIRAS | OIS g 5 2 A% I S ) (5331024 0.02 mN 15 0.01 mm .
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