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Redundant Design of Wearable Robot Mechanism for Upper Arm
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Recently, many researchers have tried to develop wearable robots for various fields such as
medical and military purposes. We have been studying robotic exoskeletons to assist the motion
of persons who have problems with their muscle function in daily activities and rehabilitation. The
upper-limb motions (shoulder, elbow and wrist motion) are especially important for such persons
to perform daily activities. Generally for shoulder motion 3DOF is needed to describe its
motion(extension/flexion, abduction/adduction, internal/fexternal rotation) but we have used a
redundant actuator thus making a 4 DOF system. In this paper, we proposed the mechanism
design of the exoskeleton which consists of 4-DOF for shoulder and 1-DOF for elbow robotic
exoskeleton to assist upper-limb motion. Then we compared the new mechanism design and
profotype mechanism design. Here we also analyze the proposed system kinematically to find out
and to avoid the singular point. This research will ensure that the proposed wearable robot
system make human's motion more powerfully and more easily.
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Fig. 1 Trend of Wearable Robot (MGA, HAL, SACOS)
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o] Foixm, FW e ojrfwirtolo = B.A F
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Fig. 3 D-H Link Frame assignment for the Exoskeleton of
Proto-type

Table 1 D-H Table of Proto type
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3. Design of robot system

3.1 Human ROM & Link Design
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Fig. 4 Angle Variation(Proto-type)

4DOF,

Fig. 5 Concept Design of Total Mechanism
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Table 2 Upper arm of human dimension (Size Korea)

<Unitimm> Sample Mean STDEV
Arm Length 382 567.6 22.6
Shoulder width 382 386.2 234
Upper-arm length 382 3294 15
Upper-arm girth 382 308.6 24.6

3.2 Design of Elbow Part
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ROM oA oH#Z2 Fo] 0~120° & #EZS 714
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Table 3 Upper arm of human dimension

Joint Motion Range of motion
Flexion 145°~0°
Elbow Joint -
Extension 0°~145°
3.3 Design of Shoulder Part
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Fig. 6 Shoulder and Elbow Parts Mechanism

3.4 Design of Actuator
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Table 4 The electronic specifications of the robot
90W, 4670mNm(stall torque),
0.697 (speed/torque gradient)
50W, 822mNm(stall torque)
8.8(speed/torque gradient)

Motor(DC)

CSD20-160 (160:1)

Harmonic Drive
CSD25-100 (100:1)

HEDL 550
4-Q-EC Amplifier(maxon)

Encoder

Motor Driver

Motion
PCI-6722, PCI-6602, PCI-6281(NI)

Controller

4. Kinematic Analysis
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Fig. 7 D-H Link Frame assignment for the Exoskeleton
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