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Abstract; Objective The biological characteristics and action mechanisms underlying the excellent performance
of skeletal muscles were studied through experiments to provide a scientific basis for the development of flexible
actuators with performance comparable to that of skeletal muscles. Methods A frog skeletal muscle sample was
contracted by applying electrical stimulation, and then tensile load was applied to it to analyze the relationship
between the driving properties (such as contraction length and output force) of skeletal muscle and its structure
from three aspects. skeletal muscle dimensions, tendon, and epimysium. Results The contraction lengths of
these skeletal muscle samples were approximately 28. 92% and 20% under unloaded conditions and under 50% of
their maximum output force, respectively. When the load on the skeletal muscles did not exceed 20% of their
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maximum output force, they also exhibited the property of rapid reduction ( approximately 1.25 s). The active

tendon increased contraction by approximately 19. 68% compared with the inactive tendon, and the integrity of the

epimysium protected the force transfer efficiency of skeletal muscles. Conclusions By simulating the structural

and biomechanical properties of skeletal muscles, flexible actuators can achieve better driving performance, thus

greatly promoting the development of bionic robots.

Key words: artificial muscles; flexible actuator; skeletal muscle; bionic robot; biomechanics
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Fig.1 Experimental setup for skeletal muscle performance
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testing (a) Test bench, (b) Experimental setup
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Fig.2 Experimental sample for skeletal muscle performance test (a) Samples of skeletal muscle of

different original lengths, (b) Different active tendon samples
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Fig.3 Design of experimental samples for the third set of experiments

(a) Complete epimysial sample,

(b) Epimysium was cut in half longitudinally, (c¢) Epimysial membrane was longitudinally cut into 4 parts,

(d) Epimysium was cut in half transversely, (e) Epimysial was transversely cut into 4 parts
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Fig.4 Contraction and recovery of skeletal muscle samples
(a) Contraction of five skeletal muscle samples with
different lengths under different loads, (b) Contraction of
skeletal muscles under different tension forces during

recovery from contraction
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Fig. 5 Comparison of contraction length and output force of skeletal
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muscles at different lengths with or without tendon assistance

(a) Contraction lengths, (b) Output force
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Fig. 6 Comparison of changes in skeletal muscle performance for different epimysial membranes under varying

degrees of integrity (a) Contraction change at 1/2 cut degree, (b) Contraction change at 1/4 cut degree,

(¢) Percentage of contraction change
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