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Simulation on dynamic characteristics of the ankle gait simulator
and experimental verification

FENG Yang', WANG Dong-mei', LIU An-min°, WANG Xu’ (1. School of Mechanical Engineer-
ing, Shanghai Jiaotong University, Shanghai200240, China; 2. Centre for Health Sciences Research, School of
Health Sciences, University of Salford, Salford, UK; 3. Department of Orthopaedics, Huashan Hospital, Fudan
University, Shanghai 200040, China)

Abstract; Objective To study dynamic characteristics of the ankle gait simulator, simulate plantar forces in the
vertical, anterior-posterior, right-left direction during the stance phase, and validate such forces in the experimen-
tal setup. Methods The Adams virtual prototype and ankle model (including tendons, ligaments and soft tissues
of foot) were established for dynamic simulation based on the self-developed 5 DOF gait simulator. The dynamic
results from both the prototype and gait simulator were compared with the real plantar forces. Results The simu-
lated plantar force could accurately fit the normal in vivo ankle position curves during a stance phase in three di-
rections, and the tendons, ligaments and soft tissues had important influences on the correct gait. The simulated
plantar force by the gait simulator could be repeatedly fit for the real stance plantar force. Conclusions The gait
simulator was proved to simulate the human gait stance well and can provide a clinical research platform for those
experiments which are incapable of in vivo measurement.
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Fig.1 Structure diagram of the gait simulator
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Tab.1 Element types and material properties of the ankle model

TR PP/ MPa JARAEL  WIEE/ (KN - m™")
HHR 7 300 0.3 —
i 0.15 — 250
BRRERRE (2IE) 350 — 300

SRR (I 1R 17 000 0.1 —
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Tab.2 Specification for ligaments and plantar fascia in the ankle

model

EETAN BRI B

BRI Lkt 3

BRSMEH Z30 4

B R BT (1)) 5

SRS (1) B (1)) 5

SRS KB o 1

BRI (LG AR 5

i JeE AL RN 1
1.2.2 EREHHFBHRR X 10 BIREL N
75 kgl B AL A A MR R RIS I AT

SRR ORI (R, 75535 s AR PE AR Hh RIS 1A e S
T B 2z A R 2

(a) B
B3 ZBAEHHELRE

(b) A

1.2.3 #HAFHAE HHAEET A Adams 34
AR AR 5 2 A 9 B 4 A2 A3 B ) 46 F AL
K2k, 5 LIRS ER A Ik sl i 2k, S
N BB, AT 5 ALK B4 il
2, BT Ay X HOAR 2 AR N BOR FLBIAE , R
TNERE) o DANARSZ R 2545 HRH ) b I s g ph 264
R X LA T R R Y A Y r AL
ARG Hinth<k . DiHSRBRZN 0.6 s, 1 575K )
AT R LI A iE S B R (LR 3)

1.2.4 SH&H A S fd 48 Bertee Wl /1 5
BRI b R MU B s sh AT

TRIEZ oy, (A A 25 b AR R RR Y 2 AR AR 1 - &
o I AR A A ) 2 AR B A2 D) e
TIRR AT DA AR B 3 A7 1 e . S0k A
PERRANE 4 B 7R, 525 R v i) H AL AR il £ el
Adams Bl Jy A RAFH

(¢) &I

Fig.3 Motion simulation process of the experimental setup (a) Starting phase, (b) Support phase, (c¢) Termination phase
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Fig.4 Stance phase in the experimental setup (a) Gait simulator device, (b) Stance phase simulation
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Fig.5 Simulation comparison of the ankle model with/without ligaments (a) Without ligaments, (b) With ligaments
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Fig.6 Heel tendon force of the ankle model

heel tendon
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Fig.9 Plantar force in experimental setup (a) Repeatability exper-

iments, (b) Experimental/real plantar force comparison

Fig.7 Vertical plantar force with /without

Fig.8 Comparison between simulated plan-

tar force and real force
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