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Equivalent Circuit Analysys of Flexible Tension Sensor Based on
Poly (Lactic Acid) Film of Coaxial Structure
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We have developed a tension sensor with a coaxial structure using a narrow slit ribbon made of a uniaxially stretched poly
(L-lactic acid) (PLLA) film for the application of wearable device. The prototype of the tension sensor has good flexibility,
since the sensor is in the form of a filament which consists of a highly flexible material. In this paper, we analyzed the equivalent
circuit of this sensor. The frequency characteristics of gain and phase between tension and output voltage when varying various
circuit parameters was investigated. The analysis of the bode plot indicates that the piezoelectric line including the coaxial cable
outputs a voltage including a component proportional to the strain rate is in a lower frequency range than the cutoff frequency,
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and a component proportional to the strain amount is in the higher frequency range side than the cutoff frequency.
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Fig.1 Structure of sensor.
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Fig.2 Appearance of a piezoelectric line.
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Table 1  Specification of piezoelectric line prototype.
Diameter @ 0.4 mm
Weight 0.5 g/m
Capacitance 4.5 pF/em
Sensor sensitivity 14 pC/ (N-mm)
Strength 13N
Response frequency ~ (60 kHz)
Operating temperature ~60T
Storage temperature -40C ~80C
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Fig.5 Equivalent circuit of piezoelectric line.
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Table 2 Capacitance of coaxial cable.

Piezoelectric line

Relative pemittivity & 2.6
Length / Im
Inside diameter a 150 pm
Outside diameter b 200 pm
Capacitance calc. C e 503 (pF/m)
Capacitance mes. Cines. 450 (pF/m)
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Fig.7 Bode plot of Piezoeletric line (casel).
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Table 4 Parameter of case2. Table 5 Parameter of case3.
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Fig.8 Bode plot of Piezoeletric line (case2).
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