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Abstract: To describe the influence of the sensor microchannel structure on the output characteristics of the sensor, the relationship
parameter of the sensor transverse and longitudinal microchannel length is introduced in this article. A mathematical model of gallium-
based liquid metal flexible strain sensor is formulated by comprehensively considering the resistance change law of the liquid metal in the
microchannels which are parallel and perpendicular to the strain direction in the sensor. According to the developed mathematical model,
five strain sensor samples are optimized and prepared to perform the experiments within 40% strain range. The results show that the
mathematical model developed in this article can well predict the output of sensors with different microchannel structures, and provide
directions for the design and optimization of high sensitivity sensors. Experimental tests show that the designed strain sensor has a
sensitivity of 2. 01, a hysteresis of 5. 1% at 40% strain, and a high reproducibility and output stability. The designed sensor is used for
joint motion detection in the finger and elbow, exploring the application of gallium-based liquid metal flexible strain sensor in joint motion
detection. This article provides theoretical support for the application of gallium-based liquid metal flexible strain sensors in the wearable
field.
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Fig. 1 Diagram of the strain sensor structure
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Fig.2 Diagram of strain direction parallel to
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Fig.3 Diagram of strain direction perpendicular to

microchannel direction
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Fig.4 Diagram of microchannel division of the strain sensor
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Table 1 Configuration parameters of the sensors

P Ly/mm L,/mm L,/mm FEYALL A L/mm D/mm
K1 130.5 27.0 103.5 3.1429 32 12
FE& 2 130.5 9.5 36.0 0.3810 11 41
K3 130.5 112.5 18.0 0.160 0 13 23
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Fig.5 Strain sensors with 5 different microchannel structures
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Table 2 Initial resistance of the sensor samples

WG R/ O
= Ry/Q - - RE/%
THE S
Fedh 1 0.153 5 0.193 6 0.190 5 1. 60
Fedh 2 0.153 5 0.193 6 0.192 0 0.83
K] 0.153 5 0.193 6 0.1912 1.24
FEi 4 0.354 6 0.394 7 0.386 2 2.15
FEdh 5 0.423 9 0.464 0 0.451 0 2.80
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Fig. 8 Diagram of the strain experiment system
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