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Design of Shoes Utilizing Torsion Spring for Increasing Gait Efficiency
and Application in Wearable Robot
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Abstract: The dynamics arising from the foot—ground interaction plays an important role in human gait. Thus, it is imperative to
fabricate an appropriate foot module for a powered exoskeleton to improve its performance. In this paper, a new design for shoes that
effectively utilize the forefoot dynamics is described. This new design has metatarsophalangeal (MTP) joints with embedded torsion
springs that connect the forefoot with the rest of the foot. Prototypes of these shoes resembling common sandals were produced via
3D printing. Torsion springs can store energy until the occurrence of toe-off in the gait cycle and then release energy till the
termination of toe-off, which makes walking possible with less power consumption. The proper use of this toe-off force can lead to a
more natural and effective gait for the wearers of powered exoskeletons. The ground reaction forces were measured to analyze if the
new design could indeed increase the toe-off force. Surface electromyography (SEMG) sensors were used to measure the muscle
activity to compare the relative muscle fatigue for the cases with and without the newly proposed design. Experimental results
showed that the springs in MTP joints reduced the muscle fatigue by 4% and they enabled an increase in the supporting force by 10%
when walking on a flat ground. Experiments conducted for running and climbing stairs showed a nearly 30% increase in the
supporting force and a 30% decrease in muscle fatigue, indicating a significant improvement. The forefeet or MTP joints were more
actively engaged during running or climbing stairs and the spring had enough chance to play its role. Further research should focus
on the verification of the design by incorporating it into wearable robot.

Keywords: wearable devices, wearable robot, gait efficiency, forefoot, torsion spring, force plate, EMG (Electromyography)

I. M2

< A7) 9
3 2o Ao o5 A A T e FofolA )
w2 Hawa gtk A Aol goleE o]
AxLe] Aol o= B Fo] Foux Al 55
=o]FEm(1), A2 dRE AE Al AAIE diAlE)
A3 25 oo st a[2), ML AE Walkbot s[3]12 4

3 Efed floA 1wl Aj&o] o]Folxr) w32 13|
wao] 7 ek wRloluh A £goR 18| w7}t &
ollle] Bas Bxsly] flg dlojes 23l gk A
2E AYES o8-S 259 S gl TEUINE B
AT FE7I7F ESE sl RS HEshs 2R71A
o] oA thekgt W R X8 Folri4-8]. 4| Ehd
v RS 93 Bl ®Bx 2X 4518 on] A8} A
3] o]0z ofg] 7|Hel|A] olE Egal =S WaYslaL ek
dojels 2o b ade 55Ee Mt F

== Aol ofz} sHnp] xle] 48] wild 5E 52
BArTE Bl M a7t e AR HKITHY,10).
AofollMut AgslE FxEe] WS JlEsHl SE
YT FELI2IE EF2 3 o7 X &4 vy] ol
Qs Qg doje s 2he e =2 e Ve 54
3 B3 S Faew 3t dgR, 2 e 9
B XS ol 283 AduelA] 2Re| TE A+
o] HEE T FA T4 o)Edhs WHS o]&dit)
o] w) MF-AQ 8 52, GoAte] FH Ax, 25 A
| A olEs) Foll FelE
7] AMESHA] R

o

it
=y

u:>+E>'l'E
fo e o to & O go )y X

¥
= to
& o
r)
N rE
[y1] -
=
il E
)
oo
LRI
f
0(:)(=|
o
1>
lo
_k
N
N
a
ro
N
N o
m

rﬂ
i
-0,
o
oX,
o
=it
2
oy
(o
g
o
=
o
=
=
ot
N

= =

‘ErzHU
—

S
o
=
i)
o 2
%9,
o
5
ofy
‘0,
v
o,
o
u
o
o Hu
2
i 2 xo
rlo
L HS
i‘% Ty

i)

* Corresponding Author

Manuscript received January 18, 2021; revised January 26, 2021; accepted February 4, 2021

24 S rely|eel 7171887 S (eunseok song@kaist.ackr, ORC
oltfs: g=mtelr]sdd 71A1E e ek AY(dhlee20@kaistackr, ORC
3744 s=relred 714188 wg(kekong@kaistackr, ORC

0000-0002-2183-2848)
0000-0002-9377-2100)
0000-0002-5875-0044)

¥ 2 dae =3}8lr]4:¢] URP 2130 AAE o] dA1E3le.

Copyright© ICROS 202

1

www.dbpia.co.kr



Design of Shoes Utilizing Torsion Spring for Increasing Gait Efficiency and Application in Wearable Robot

|
o

. HF3e FEL W g, 9% dE By 2E9
Ak o}9-4 Bl9] BE
. Two versions of foot modules in WalkON suit (Left: shoes
for insole module, Right: outsole module).
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Fig. 3. Four sequential rocker models in stance phase.
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Table 1. Comparison of EMG in normal walking & running for each sandal.

SANDALTYPE RMS OF SIGNALS (V) PEAK VOLTAGE (V)
NORMAL SANDAL 0.1663 0.3390
WALKING (10 STEPS)
SPRING SANDAL 0.1639 03173
NORMAL SANDAL 0.4258 0.8264
RUNNING (18 STEPS)
SPRING SANDAL 0.3081 0.5569
0.5 p
''''' Normal Sandal mean ~~Normal Sandal mean
<04 Spring Sandal mean P Normal Sandal std
= —Normal Sandal std Sos - —Spring Sandal mean
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Table 2. Comparison of EMG in going up & down stairs.

SANDALTYPE RMS (V) | PEAK(V)
up NORMAL SANDAL 0.2428 05224
SPRING SANDAL 0.2428 05887
RMS(V) | Peak(V)
NORMAL SANDAL 0.1716 0.5029
DOWN
SPRING SANDAL 0.1425 03699
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