% 55% 45108 THRRXFEFFR (T FR) Vol. 55 No. 10
2025 4F 10 H Journal of Jilin University (Engineering and Technology Edition) Oct. 2025

% 1 FHE RS R S P4 L 78 A
B 547

T#EE K, WA, LR, ETFRFEA

(KAEFELAF b TEFE, K& 130022)

W E AU TEATREMTARANICRELN R A, T T ML ahERTTA
WTERB AT HEINBAFEXTARLRETREEE, XAART T EAEN T FHENE
TEABRFNZH ER NAFERBFEAAARERENERBRAXRERON T AKEK
WMZHRENNE, RATAARE FREBE LT TR RIS A F R FRET A%
FTWZHEN LR ERENR TR BRN SR AT EHTH AN FFTEFR
THERZINFLAEE. IRERAEENBEANBEHRRETKE, BHRIET TK
B A A F BB N B AL T b e B

KEBIR TR A FHE;RRE N ; & ikt

FESES . TP242 XEKFRERS : A XEHS:1671-5497(2025)10-3131-10
DOI:10. 13229/j. enki. jdxbgxb. 20231444

Design and analysis of a multi—-degree—of—freedom size—
adjustable lower limb exoskeleton robot

DING Hai—tao, LIU Peng, WANG Jing—hua, MA Tian—ci, XU Xing—yu, DENG Ze-heng
(School of Mechanical and Electrical Engineering, Changchun University of Science and Technology, Changchun 130022,
China)

Abstract: To address the current problems of structural redundancy and poor human—machine compatibility
in lower-limb exoskeletons, a multi-degree-of-freedom, size—adjustable lower-limb power—-assist
exoskeleton robot was designed with mechanical limit devices installed at each joint. The force,
deformation, stress and resonance of the exoskeleton structure during walking were simulated by the finite—
element method. A plantar-pressure—sensor system was used to collect and analyze the force distribution
and its variation on the human sole. Lagrange’s equations were employed to establish the dynamic model of
the exoskeleton leg, and the loads at every joint were solved. The experimental and analytical results were
then taken as parameters of the joint drive functions to perform a dynamic simulation of the exoskeleton,
yielding spline data of the exoskeleton motion. The obtained results provide a basis for the subsequent drive
control of the robot and simultaneously verify the human - machine coordination and rationality of the

proposed lower—limb power—-assist exoskeleton.
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Fig. 1 Schematic diagram of overall structure of

lower limb exoskeleton
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Table 1 Main structural dimensions of exoskeletons
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Table 2 Rotation range and limit protection for various

degrees of freedom of exoskeleton
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Fig. 2 Periodic diagram of human bipedal

walking process
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Fig.3 Mesh division of ankle joint connectors
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Fig.4 Cloud map of exoskeleton displacement and
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deformation under different gaits
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Fig. 5 Exoskeleton stress cloud map

under different gaits
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Fig. 6 Pressure sensor signal acquisition module and

upper computer interface
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Fig. 7 Plantar pressure variation curve
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Fig. 8 Dynamic model of articulated robotic legs
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Table 3 Contact parameters setting between

exoskeleton sole and ground
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