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Study on Actuation Characteristics of Vacuum-driven Soft
Deployable Actuators

XU Qiping ZHANG Kehang ZHANG Hongwei E Shiju”
College of Engineering, Zhejiang Normal University,Jinhua,Zhejiang,321004

Abstract: To study the actuation characteristics of soft actuators and their bionic applications, a
soft foldable actuator was designed based on Kresling crease pattern by using a symmetrical structural
form, which could achieve fast actuation, generate only axial contraction without torsion(single-de-
gree-of-freedom linear motion) , and had the features of large contraction ratio and strong load capaci-
ty. Based on the principle of work equilibrium and combined with the geometric theory, theoretical
modeling and experimental research of the soft foldable actuators were carried out to explore its de-
formation characteristics. The results show that the theoretical and experimental results are basically
in good agreement. The contraction ratio increases with the increase of vacuum pressure. Under the
same vacuum pressure, the larger the load, the smaller the contraction ratio. At the same contraction
ratio, the heavier the load, the greater the vacuum pressure required by the actuator. The influences
of different parameters on the actuation performance of the actuators were further analyzed, within
the adjustment range of different parameters, the smaller the wall thickness, the smaller the relative
angle and the larger the side length of the actuators, the better its performance including the contrac-
tion ratio and the bearing capacity. Based on the above results, a tandem soft foldable actuators were
optimally designed and was mounted on a bionic humanoid leg, which may realize different functions
such as flexion and extension, running, kicking a ball, and adsorbing.

Key words: soft foldable actuator; actuation characteristics; contraction ratio; vacuum-driven;
bionic
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Fig.1 Single-layer soft foldable structure
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Fig.2 Four-layer soft foldable structure
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Fig.3 Vacuum-driven soft deployable actuator
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Fig.6 The deformation contraction process of

vacuum-driven soft deployable actuator
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Tab.1 The basic parameters of soft deployable actuator
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Fig.8 Maximum contraction ratio ofsoft deployable

actuator under loads of 0~1800 g
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Fig.9 The relationship between traction force and

vacuum pressure at different contraction ratios
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Fig.10 The relationship between traction force and
contraction ratio at different vacuum pressures
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Fig.11 The relationship between contraction ratio and

vacuum pressure under different loads
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Fig.12 The effect of wall thickness on contraction

ratio under 600 g load
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Fig.14 The effect of relative angle on contraction

ratio under 600 g load
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ratio under 1200 g load
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Tab.2 The optimal parameters of soft deployable actuator
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Fig.18 Contraction process of the optimal actuator
under 2000 g load
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under 300 g and 2000 g loads
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Fig.21 The process of walking and running of a

bionic human skeleton
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