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Development of Wearable Training Device with 7 D.O.F for Upper Limb
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Abstract: The purpose of this study is to develop a wearable training device for upper limb, which can be used to a
passive training for a trainee who cannot move by oneself. Developed device has 7 D.O.F by using electric motor and
pneumatic artificial muscles, which are chosen as suitable actuators to move each human joint. In this paper, cooperated
movements are experimented to verify a capability of developed device. It is confirmed from the result under the
master-slave control that a subject who uses this device can follow a trainer movement. Therefore, this device may be
possible to train all upper limb joints independently and cooperatively.
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Fig. 1 Image of final goal
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(b) Side view
Fig.2 Overview of device

(a) Rear view
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(a) Flexion (b) Extension

Fig.3 Flexion-Extension

(a) Abduction (b) Adduction
Fig.4 Abduction-Adduction

(b) External rotation

(a) Internal rotation
Fig.5 Internal rotation-External rotation
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(a) Flexion F)) Extension

Fig.6 Flexion-Extension
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(b) Supination

(a) Pronation
Fig.7 Pronation-Supination

Table 1 List of parts

Part No. Parts Movement
1 Gear Flexi
2 Motor exl(?n
Extension
3 Roller
4 Gear Abduction
Shoulder 5 Motor Adduction
6 Rail
7 Roller Internal rotation
8 Timing belt External rotation
9 Motor
10 Motor Flexion
Elbow 11 Gear Extension
12 Motor
13 Roller Pronation
— Supinati
Wrist 14 Timing belt upination
15 Gear
16 Palmar flexion/Dorsal flexion
Ulnar flexion/Radial flexion
Table 2 Movable range of each joint
Part Movement Human[® ] | Device [* ]
i +
Flexion (+) -50~180 -10~50
Extension (-)
Al ion (+
bduction (1) | 5 ;¢ -20~40
Shoulder Adduction (-)
Internal
rotation (+) 60~80 25-40
External
rotation (-)
i +
Elbow |—iexion () 0~145 0~100
Extension (-)
Palmar
flexion (+) ~70~90 22525
Dorsal
flexion (-)
. Ulnar flexion
Wrist )
Radial flexion -20~30 2525
Q)
P tion (+
ronation (1) |- _g_g 25-25
Supination (-)
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Fig.9 Experimental results of shoulder
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Fig.10 Experimental results of elbow and wrist

Table 3 Main parameters

Part Movement
b ops Flexion/Extension
b o Shoulder Abduction/Adduction
b 5 Internal rotation/External rotation
0. Elbow Flexion/Extension
b Palmar flexion/Dorsal flexion
4,0 Wrist Ulnar flexion/Radial flexion
4,3 Pronation/Supination
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