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Fig.1 Preparation process of bionic artificial muscle
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Fig.2 Bionic artificial muscle test device
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Fig.3 Influence of processing method on output force of bionic artificial muscle
(a): output force performance curves of bionic artificial muscle; (b): the maximum output force of bionic artificial
muscle under different processes
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Fig. 4 Effects of different techniques on tremor characteristics of bionic artificial muscle
(a): tremor amplitude curves of bionic artificial muscle; (b): the minimum tremor amplitude of bionic artificial muscle by different techniques; (c):
vibration frequency curves of bionic artificial muscle; (d): the minimum vibration frequency of bionic artificial muscle by different techniques
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Fig.5 Influence of different processing methods on elastic modulus
(a): elastic modulus curves of bionic artificial muscle; (b):the maximum elastic modulus of bionic artificial muscle under different processes
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Fig.6 Effects of different processing methods on capacitance
(a): specific capacitance curve; of bionic artificial muscle; (b): the maximum specific capacitance of bionic artificial muscle under different processes
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Tab.l Changes in water content of electronically actuated
membraneunder different glycerol supplemental levels

WGlycerol)/mL  Initial mass/g \}sgﬁc:rs lzfst;:/rg co\rzzltﬁ?%
0 0.05621 0.04722 19.04
1 0.08803 0.05437 61.90
2 0.15027 0.09051 66.00
3 0.16061 0.09611 67.10
4 0.22940 0.13728 67.70
5 0.27303 0.16261 67.90
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Fig.7 Infrared spectra of bionic artificial muscle before and after
crosslinking
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Fig.8 Microscopic mechanism diagram of electronically actuated membrane



Fig.9 Electron microscopic images of the surface and section of the electronically actuated membrane at different freezing
temperature and crystal structure of electronically actuated membrane
(a): the surface at — 30 °C; (b):the surface at — 60 °C; (c):the surface at — 80 °C; (d): the section at — 30 °C; (e): the section at
— 60 °C; (f): the section at — 80 °C; (g): the crystal structure at — 30 °C; (h): the crystal structure at — 60 °C; (i): the crystal
structure at — 80 °C
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Fig.10 Schematic diagram of bionic artificial muscle bending
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Improving the Technology and Mechanism of Output Force Characteristics of

Bionic Artificial Muscle Based on Gel

Junjie Yang', Tao Yu', Kang Wei', Siyong Wang', Xiongfei Yang’
(1.School of Mechanical Engineering, Northeast Electric Power University, Jilin 132012,China;2.Army Aviation
Representative Office in Harbin Area, Harbin150000, China)

ABSTRACT : Bionic artificial muscle is a popular research topic nowadays. When electroactuated gel- based
bionic artificial muscle generates output force, it often appears "output force tremor behavior", which seriously
affects the output force characteristics and driving stability of bionic artificial muscle. Therefore, based on the
three influencing factors of lyophilization process (addition amount of glycerin, crosslinking concentration of
calcium chloride and freezing temperature), a comparative study on the output force characteristics and tremor
behavior of sodium alginate gel-based bionic artificial muscle was conducted, and the improvement mechanism of
their output force characteristics was deeply analyzed. The results show that when the moisturizer glycerin is 3
mL, the maximum output force of the bionic artificial muscle is 5.78 mN. When the crosslinking concentration of
calcium chloride is 1%, the maximum output force is 6.09 mN. When the freezing temperature is — 60 °C, the
maximum output force is 6.76 mN, the oscillation amplitude of output force is 0.4 mN, which is about 1.29 times
of 0 mL glycerol, and 0.3 times of 2% calcium chloride. The output force tremor frequency is 1 time, which is
about 0.3 times of that at the crosslinking concentration of 3 mL glycerol and 5% calcium chloride. Therefore, the
freezing temperature of the freeze- drying process is the most critical factor affecting the output forceO
characteristics and tremor behavior of th bionic artificial muscle, and the optimal freezing temperature is —60 °C.

Keywords: gel-based bionic artificial muscles; sodium alginate; output force characteristics; output force tremor

behavior; lyophilization process method



