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Design and performance evaluation of gravitational

potential energy locking exoskeleton

CAO Enguo', GAO Yang', WANG Gang' , HU Weifeng' , CAO Yi*
(1. School of Design, Jiangnan University, Wuxi 214122, China;

2. School of Mechanical Engineering, Jiangnan University, Wuxi 214122, China)

Abstract; The existing passive exoskeletons have some defects, including the lack of assistance effect. Based on the gait characteristics of

human body, the principle of transforming gravitational potential energy during walking process into kinetic energy during lifting leg process was

proposed, in which a passive lower extremity mechanical exoskeleton was designed by the combination of spring, crank slider mechanism, ratchet

pawl mechanism and chain drive mechanism, and the performance of exoskeleton was evaluated by kinetic analysis and physiological cost index

experiment. Results of kinetic analysis show that the total peak torque of hip joint is reduced by 23.38% and the total work of hip joint is reduced

by 30.59% after wearing the exoskeleton, which preliminarily verifies the effectiveness of the exoskeleton. The results of experiment show no

significant effect in short distance action conversion, but is reduced by 8.1% and 10.4% in long distance walking and uphill walking, respectively.

Therefore, the assisting performance of the passive exoskeleton has been verified, which provides an instance reference for research in related fields.
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Fig.3  Working process of exoskeleton
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Fig.4 Dynamic model of exoskeleton
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Tab.1 Parameters of exoskeleton dynamic model

24 {E
BE/cm 180
R/ kg 80
KR/ kg 11.92
N 2.94
kg 1.02
REEAF kg 0.50
JNBRAT EE/ kg 0.45
JEFFE/ kg 0.75
SR RE/ (N/mm) 6
P F L/ mm 80
Hi A 1 B/ mm 132.58
R/ mm 260
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Fig.5 Comparison of hip joint torque in energy storage stage
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Fig.6  Comparison of hip joint torque in energy release stage
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Fig.7 Total comparison of hip joint peak torque
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Fig.8 Comparison of hip joint power in energy storage stage
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Fig.9 Comparison of hip joint power in energy release stage
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Fig. 10 Total comparison of hip joint work
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Fig. 11 Experiment environment
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Tab.2  Overview of average value and standard deviation of motor ability test

BB TUG iR E]/s,p >0.05 6MWT M3 E 2 /m,p <0. 05 UHT iR ] /s, p > 0. 05
B FHIMH i 22 FEE i 22 FEE i 22
R 25.80 0.74 578.7 3.56 51.37 0.92
) 26.38 0.41 609.3 7.64 50.75 0.70
R3 LEZFHERBEEZRR
Tab.3 Overview of average value and standard deviation of heart rate difference
BT TUG/ (¥X/min) ,p >0.05 6MWT/ (¥X/min) ,p >0.05 UHT/ (¥X/min) ,p <0.05
TR A Tl Fiif2 Tt FRifs FfE R
RGH 24.6 1.32 36.4 1.50 44.89 2.67
TR, 23.5 1.23 35.2 1.09 40.67 2.00
3.3.3 #eEiH4E I 232 B 1B 8 S5 FA B R R, AR T A1 B 285
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HES Rl 1 48 35 PRI X 1 A 78 UHT Al
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Tab.4 Overview of average value and standard deviation of energy consumption

B TUG/ (¥K/min) ,p >0.05 6MWT/ (¥&X/min) ,p <0. 05 UHT/ (¥%/min) ,p <0. 05
TR M bRl M PR M bR
KZFERR 0.35 0.021 0.37 0.014 0.48 0.034
ZEH 0.34 0.023 0.34 0.011 0.43 0.017
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