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This paper is about the design of a new gravity compensator for the lower body exo-skeleton
device. The exo-skeleton devices is for increasing the torque of the human body joint for the
purpose of helping the disabled, workers in the industry, and military soldiers. So far, most of
studied exo-skefefon devices are 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 gravity compensator is
proposed fo reduce the torque load appfied to human body joints due to gravity. The gravity
compensator is designed using a tortional bar spring, and its structure and characteristics are
studied through the test and computer simulation. A design concept on the exo-skeleton device
using the gravity compensator is presented. An analysis and computer simulation on the torque
reduction of the proposed exo-skeleton device that applies and non-applies the gravity
compensator are performed.
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Fig. 1 Joint Link with gravity compensator

Ae g€ FHAlE TR

9 Ratol qE FHRPVS BEHE 2
33 ol sfgele BN AR dolE T
sy 71FRE AAgeRHN A #dd A
£ F ol FARFoR AT RUEHS TE

=7 AA9 48 717 HEs] A
Eeg FA ARESAY 52 #d FEVIE
TR

BAEE ZAs7] A3 Bdvte 544 A
g Mol desin. £ d7AME dEF
o7 BAnE AMgsE 47]% FHe EdWE
AHEERT. 71T RE TS B JhEiA s
F-ateh ERue) AAAE Fig 29} 2o 2HE
.

&g .
Fig. 2 Operational structure of the torsion bar
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Fig. 3 Test result of gravity compensator
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Table 1 Test result of gravity compensator

Load(kF Theoretical Test
2.5 5.83° S04
s 11.63° 10.7°
15 17.34° 16.1°
10 22.91° 20.9°
12.5 28.28° 25.9°
s 33.42° 30.1°
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Fig. 4 6 d.o.f exoskeleton of lower body
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Fig. 5 Design of the exoskeleton for lower body

Table 2 Specification of exoskeleton of the lower body

Height 825(mm)

Weight 2.6(kg)

Gravity Leftleg | gear set+torsion bar
compensator | Rightleg | gear set+torsion bar
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Fig. 6 Modeling of the coax joint
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Fig. 7 Modeling of the knee joint
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Table 3 Parameters of the driving joint
a; \ bg d; m;

et ) | fmmy | O | [mm) | ke
1 | Pelvise 24 7747 | 35 317.33 | 60.1

Knee 24 4295 | 35 | 198.74 | 61.6

Fig. 89 & b, ¥+ 3 AsE a9 Hgdel, 4

E dd34Y FFFY A", 6, ﬂﬂéa
”“4;9.-1-_ 2l A 7+ W9 E vehdth Table 3
: HAste Pa29 T v g dEld
S Rolth. 7+ AA BARUEE T A
7t BAES FALEE 35, FAALS Isecond

e of

Fig. 8 Torque analysis of the coxa joint
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Table 4 Angular velocity and acceleration of the joint
i | Kfrad] | t{s] | ta[s} { o [rad/s} | afrad/s?]
2 | 0.6109 1 02 0.7636 3.818
3106109 1 0.2 0.7636 3.818
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Table 5 Parameters of the torsion bar
Tpax [kgf/mm?] | G [kgf/mm’] | dmm] | L [mm]
55 21000 20 100
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line:non-applying GC, Straight line: Applying
GC)
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Fig. 12 Graph of torque analysis of knee joint (Slashed
line:non-applying GC, Straight line: Applying
GC)

Table 6 rms and max Torque of the decrement

i Joint Motion | rms torque decrement
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