%50 % 5531 dt = T Wk Kk ¥ ¥ #H Vol.50 No.3
2024 4E 3 H JOURNAL OF BEIJING UNIVERSITY OF TECHNOLOGY Mar. 2024

SIAE: i, Dbk, VSRR, 5. BEEhaURE B 0 T M B R Bt S O BT (0], s T R4, 2024,
50(3): 261-270.
MA JF, MAQL, SUND C, et al. Design and simulation analysis of a passive energy storage assisted lower limb exoskele-
ton system[ J|. Journal of Beijing University of Technology, 2024, 50(3) : 261-270. (in Chinese)

WA EREB N THRINER BRI SHES N

D L, WER', TARE, BEE Ko’
(L b T R R S il 2=, dbat 100124 2. ER BB R G TR EH LA ARDFZE T, dtat  100082)

W E: N TR ER S R WA ST (AN B AT 0 Y BT RS T R T
AW ERE B MBS T R . BERERR A DL A S BMEOG T I B B LL B 77, 2 LA DG 328 sh s il 06 37 B
TIE AR, %S R EASE I IR R 00E Tz M B A R, 12 Adams XA - HUSRLIE TS
D5 EL BUES M AR B I R B R . AR SEPR ZE B SE g 8 S X LU R A SR A A ARIZ BB Y R RE SR B0 IE
AN E SR, 6 E T S SRR S EARUE B Z A M B RE RS IR 12% ~ 13% A2 3ihE

KA . Wisha\; WG 888 AMEEE; Adams D E; AMRFEREIIE

FESES ., TP 242 XERFERES: A XEHS: 0254 —0037(2024)03 - 0261 - 10

doi: 10. 11936/bjutxh2022070005

Design and Simulation Analysis of a Passive Energy Storage Assisted
Lower Limb Exoskeleton System

MA Jianfeng' , MA Qinglin', SUN Decheng', DING Yongqging', LUO Daihe', CHEN Xiao’
(1. Faculty of Materials and Manufacturing, Beijing University of Technology, Beijing 100124, China;
2. Military Supply Engineering Technology Research Institute of the Academy of Military Sciences, Beijing 100082, China)

Abstract: To achieve the purpose of relieving the joints pressure of human walking, reducing the joint
burden and assisting human walking, this paper proposed a hip-knee coupling passive energy storage
assistance exoskeleton design scheme based on the principle of human walking. The hip-knee coupling
mechanism was used to achieve discrete knee joint assistance, which was a clutch control method to
control knee joint assistance by hip joint motion. In this paper, the effectiveness of this exoskeleton was
verified using simulation and experimental validation methods. First, a joint simulation of the human-
machine model using Adams was used to verify the theoretical effect of the exoskeleton on the human body
assistance. In the actual wearing experiment, the real effectiveness of the exoskeleton was verified by
comparing the energy consumption during human movement with and without the exoskeleton. By
comparing the simulated and wearing experimental data, it is approved that the exoskeleton can reduce

the energy consumption of human movement by 12% —13%.
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53

i, 45 PeshURERER 1 T B E B R LB S 0T B b

263

1.2 NEHESHT

2 Fios A AR T8 SE R 1 — A2 34 DU
A DA SR ik bt 5 1) ] — i PO Sk b 45
FOR— ST, AR A Ew S A iz
3y, — AR AT 43 S AR S ) S

T8 MR BR A B JE S B M, RV 2 JES S5 T2 ik Y P
(], B OIULRE 1iE M2 AR R b 3] A R A e, DA
JFSCAE M), SCEE B B, Ao B f% i 5]
T, 2B B R RS T Ak T S
R,

2 - o ﬂ -
4 [ & 3
) !
- P -
x9 %
).
F 2\
x\v 1 . Ca
FEfh T | SASERTH | slsrrh | ar A | T A | $BShRTE (1B | 25
LS EH#H0% 12% 30% 50% 62% 75% 85% 100%

K2 AMLSRBRE

Fig.2 Schematic diagram of human gait cycle
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3 ANBERIE

W AT S B R RN AR RY W AfT
BAF Adams FFX5 A - HIURE Y PEA T il f8 3 R0 2R
BCE MRS FERERES IS S R Y [
SER R 13 S EET - LG ELAR

B CGA 25 3% 3 3t 14 A 328 50 J) 34 A
PUEN Skl S rbn | HEE(PSE Snik ANEIPN
PRBERL R S AR TIATSE T A i sl

BREEAAAIZ S, By LU A R 5C 1Y iz 3y i Ze A o
BHRE B Az Bl i Lt AT 0 EOXT LE, AP 14 B
o LA N R E S 2, i 6 AR
FOMT RS AL E M, "L 2, BARAE RN 22
FORBEIR LAY &, e 0 BRI R I 20, AR5 503
WAz Sl 22 R, 77 AR IR R, N AR AN A B %
AR AR IR ASHR N BELIRES (5 EIT R A, A Yoiz
BhIF AL 2 Sh A E- A BRGSO AR S SR h i
RIS by NS N e N B Pt NI (B R



266 dt = T Wk Kk 2 %

2024 4F

B 13 A-HL5EAiAY

Fig. 13 Man-machine simulation model
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