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Fig. 1 Ankle joint horizontal walking gait division
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Fig. 2 Variation of ankle angle during a gait cycle
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Fig. 3 Variation of ankle torque during a gait cycle
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Fig. 4 Relationship curve of ankle joint angle and torque
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Fig. 5 Schematic diagram of the hydraulic system of the pros-
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Table 1 Parameters of the important components of the pros-
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Fig. 6 Installation diagram of the prosthetic hydraulic drive

system
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Fig. 7 Overall structure of the prosthesis
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Fig. 8 Schematic diagram of prosthetic structure
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Fig. 9 Amesim model of prosthetic hydraulic system
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Fig. 14 Photos of subjects wearing the prosthesis
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Design and Analysis of the Active-Passive Hybrid Ankle Prosthesis
Based on Electro-Hydraulic Actuation

PANG Hao' SHAN Shaopeng' HAN Yang® LI Zhennan' ZHANG Sen' LIU Chunbao'?
(1. School of Mechanical and Aerospace Engineering, Jilin University, Changchun 130022, Jilin, China; 2. Changchun Insti-
tute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130022, Jilin, China; 3. Key Labora-
tory of Bionic Engineering, Ministry of Education, Jilin University, Changchun 130022, Jilin, China)

Abstract: Wearing ankle prosthesis is an important means for patients with below-knee amputations to re-
store walking ability. The lower limb prostheses are divided into passive prostheses and power prostheses ac-
cording to whether it can actively output torque. Power prostheses are further divided into active prostheses
and active-passive hybrid prostheses. Passive ankle prostheses cannot provide active torque and have lim-
ited application scenarios. Powered ankle prostheses can output active torque, but it has the problem of in-
compatibility between low passive friction and high active transmission ratio. To improve the performance
and adaptability of ankle prosthesis, this research proposed a new configuration of active-passive hybrid
ankle prosthesis based on the principle of electro-hydraulic actuation from the perspective of practical appli-
cation. Firstly, based on the analysis of the angle and torque of the human ankle joint, it designed the driving
system of the ankle prosthesis and proposed the overall design scheme of the active-passive hybrid ankle
prosthesis. Then, the mathematical model of the prosthesis system was established, the rationality of the
prosthesis system was verified by the simulation analysis of the hydraulic system of the prosthesis, and the
principle prototype of the prosthesis was developed. Finally, the performance of the prosthesis was verified
by bench test and human walking experiment. The test results show that the maximum active output torque
of the prosthetic ankle joint is 28 N+m when the walking speed is 1. 0 m/s (close to the average walking speed
of adults). The research results show that the active-passive hybrid ankle prosthesis proposed in this re-
search can realize the active assist function in the human walking process, and can better fit the human ankle
movement posture, enhance the wearing adaptability, and further reduce the volume and mass of the pros-
thetic. The work in this research provides a design idea and reference for the research of dynamic lower limb
prosthesis.

Key words: electro-hydraulic actuation; active-passive hybrid; ankle prosthesis; active assistance
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