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Paper-based tension sensor using the fluorescence mechanism
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(1. Jiangxi Engineering Laboratory for Optoelectronics Testing Technology, Nanchang Hangkong University, Nanchang 330063, China;
2. School of Physical Education and Humanities, Nanjing Sport Institute, Nanjing 210014, China)

Abstract: The wearable sensors have problems of poor experience, high cost and complex construction. To address these issues, an
optically wireless tension sensor is developed with strain-sensitive fluorescent material painted on paper. The novel flexible probe uses the
mixture of Rhodamine B (RhB) and PDMS as sensing material and the composite is screen printed onto a piece of fine art paper. The
fluorescence characteristics of RhB are found linearly depending on the tension applied to the paper slice. Therefore, the sensing
functions of the paper-based fluorescence sensor are calibrated on a customized force loading test bench. The constructed sensor is
assembled to a wearable device. Then, the finger flexion could be successfully detected by the fluorescence. The finest resolution of the
prepared sensor is 0. 04 N over a measuring range of 6 N. This study presents an optical wearable tensiometer employing a non-lightguide
principle for the first time. It has potential application in human health evaluation, rehabilitation exercise and joint posture monitoring.
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Fig. 1  Preparation process of the paper-based tension sensor
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Fig.2 Geometric dimension of the prepared sample

2.2 $FHERRTE

TEE 3 BRI ETEINA R G LA SE I FE S 5K )
Wl SRR o e SOOI R L K 405 nm (12 R AA
WOLER s AR 0. 5 nm GG VT 240 ~ 800 nm [ 4T
FETEAL (H9-5 AvaSpec-2048TEC-USB2) 4B L i Y72 6 ;
Y BRI HOGEF I — SOGEF R 530G A 1 FE S A5 5
BUROG, 73—SOGEF R 1% OGN, A ke i 190, &
PR HERINRE &, R R i R 590, T ik
XS] Mt I B 1 I LB LA o I e A v )

405 nm¥PFOLRS

e Wt

K3 Ol sk Rtk br g R4t

Fig.3  Spectroscopic and tension calibration system
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Fig. 4 Configuration of the force loading fixture under

spectroscopic analysis
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Fig. 5 Cross section of the printed RhB/PDMS composite

film before/after tension loading
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Fig. 6 Surface topography of the printed composite film
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Table 1 Typical behavior of the paper slice under tension

frh/N K/ mm JEEE/mm G F/mm
0 61.48 0.22 10. 00
3 62. 10 0.22 10. 00
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Fig.7 Fluorescence emission spectra of the sample under

tension loading
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Fig. 8 Normalized emission spectra of the RhB fluorescence
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Fig. 10  Barycenter wavelength changes with tension loading
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various samples
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Fig. 12 Changes of integral intensity ratio at various tension
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Fig. 13 Integral intensity ratio’s response to tension

of various samples
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