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A Study on the Optimum Design of Exoskeleton Applied to

a Gravity Compensator

KIM DONGHO

Department of Mechanical Engineering

Graduate School, Korea Maritime University

Abstract

This paper is about the design of a new gravity compensator for the exo-skeleton
device. The exo-skeleton device is developed for increasing the torque of the
human body joint for the purpose of helping the disabled or military soldiers. So
far, most exo-skeleton device has been actuated by the motors, but motors are
limited in energy such that a short durability is always a big problem. In this
paper, a new exo-skeleton device applying the gravity compensator is proposed to
reduce the torque load applied to human body joint. The applied gravity
compensator is designed using a tortional bar spring, and its structure and
characteristics are studied. The performance of the gravity compensator is studied
through a kinematics simulation. Also the design of the exo-skeleton device is

presented.
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Load(kgf) “Theoretical Test
2.5 5.83° 5.94

5 11.63° 10.7°

7.5 17.34° 16.1°
10 22.91° 20.9°
12.5 28.28 25.9°
15 33.42° 30.1°
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Table 3.3 Degree of freedom of the exoskeleton

Total 12DOF
6DOF
Left
e (coxa 3+ knee 1+ ankle2)
: . 6DOF
Right
(coxa 3+ knee 1+ anke2)
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Table 3.4 Specification of exoskeleton

Height 825[mm]
weight 2.6[kg]
Left leg gear set+torsion bar
Gravity compensator -
Right leg gear set+torsion bar
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Fig. 3.12 Parallel crank structure for
support device
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Fig. 4.2 Z; for the knee joint
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Table. 4.1 Parameters of the driving joint

i a4 a; [mm] | b; [mm] 6 di [mm] | m; [kg]

2 AU ) 24 774.66 35 317.33 61.109

3 TEu4 24 429.48 35 198.74 60.554
7} Yo PYRANES T3] G B g b StelA AN d,
% 3| H7= ¢ 35°
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=
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Table 4.2 Moment of Inertia of the driving joint

9.211

3.197

3.058

0.928
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Fig. 4.3 Time-Angular Velocity Graph
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Table 4.3 4] 4.1.3~4.1.55 &3] ¥z FHRAYY] A& A4 7t&%,

ghe vhebain,

Table 4.3 Angular Velocity Acceleration of the Driving Joint

i K t, [s] ta [s] We a
2 ] 0.6108652 1 0.2 0.76358 3.8179
3 | 0.6108652 1 0.2 0.76358 3.8179

113 2 B BYHo) 4T B3

romy
T, =T +T,
T.=T,=05N-m
T =T, -1,

A7NA L= FAPEWMES L M2 B ok ot
Table 4.4= 2] 4
Aot}
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Table 4.4 Torque of the Driving Joint

i T; [Nm] Ta+ [Nm] Te [Nm] Ta [Nm]
1 35.166 35.666 0.5 -34.666
2 12.205 12.705 0.5 -11.705

Fig. 449 45 2t 3| AF4 7z Fol gk Time-Torque L2 E YEPATE

40,
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0. e R R PP
10, fpmmmmmmm e oo

A0, e oo

Torgue (M.m)

A0 e
T I CEREERT TR

-40. .

Fig. 4.4 Time-Torque for Z, axis of coax2

Fig. 4.5 Time-Torque for Z; axis of knee
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Table 4.5 Parameters of the Driving Joint

i #4 o[ d[mm] m[kg]
2 a1TE 0~35 317.33 61.109
3 =904 0~35 198.74 60.557
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Fig. 4.6 time-torque for Z, axis of coxa-2 Fig. 4.7 Rotation Angle-torque for Z,

axis of coxa-2
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4% EXMvltorsion bar)e] I}e}H]|E (parameter) #t= WERATE

Table 4.6 Parameters of the torsion bar

EERREE AR A S A7 o]
[kgf/mm’] [kgf/mm’] [mm] [mm]
55 21000 20 100
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Fig. 4.10 Angle-torque for ©
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Fig. 4.11 Time-torque for Z, axis of coax
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