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Abstract: In this study describes the design of Exo-suit to assist those who work in unstructured
positions. The present study aimed to analyze various types of work, especially those performed in
unstructured postures by heavy industry workers. Based on the motion capture analysis results, an
attempt was made to develop a shoulder muscle-assistive Exo-suit capable of assisting a wearer who is
working using shoulder muscles. In the present study, as the first step of developing a shoulder muscle-
assistive Exo-suit, different working scenarios were simulated, and the corresponding motion data
were estimated using motion capture devices. The obtained motion data were reflected in the design of
the Exo-suit. The main structure of the shoulder muscle-assistive Exo-suit was made of a carbon
fiber-reinforced composite to obtain the weight reduction. The shoulder muscle assistive Exo-suit was
designed to fully cover the range of motion for workers working in unstructured postures.

Keywords: Exo-suit, Shoulder Muscle Assistive, Wearable Suit, Composite Materials
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[Fig. 2] Test set-up for motion capture analysis
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[Fig. 3] Results of motion capture for shoulder joint angle

[Table 1] Results of shoulder joint angle

Left shoulder joint Right shoulder joint

Test results
x y z X y z

Flat bottom | 13.14° | 26.98° | 59.95° | 15.14° | 18.77° | 56.41°

Bow / Stern| 14.88° | 95.74° | 58.51° | 21.00° | 74.01° | 75.04°

Side shell | 31.55° | 95.77° | 16.37° | 17.79° | 93.48° | 20.16°

x : Abduction/Adduction, y : Flexion/Extension, z : Rotation

7} 95,749} 95.77° % LFEPES- B01819] 0.1, Case 19] 79
26.98°% LFERES ER15130T
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[Fig. 4] Elastic module for shoulder assistive Exo-suit
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[Fig. 5] Configurations of lightweight structure
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[Table 2] Stacking sequence of composite structure

[Table 3] Material properties of composite structure

Part Composite structure Mat | T700 UD | T300 Woven | Mat | T700 UD | T300 Woven
Stacking sequence Mat Ex 130,000 61,500 X 2,000 850
Main structure | [0°2/90°/0°/45°/-45°/0°]" | T700 UD/T300 Woven E, 10,000 61,330 Y, 56 850
Back holder | [0°/90°/45°/-45°/90°T° | T700 UD/T300 Woven E, 10,000 61,330 Z 56 50
Waist holder | [0°/90°/45°/-45°/90°]° | T700 UD/T300 Woven Uy | 0.285 0.125 Xe 2,000 425
Neck holder | [0°/45°/-45°/90%,/0°]° | T700 UD/T300 Woven vy, | 0.02154 0.28 Y. 56 425
Uy, | 0.02154 0.28 Z. 56 170
14]317] 918 T300 2 %3 EhaAl-f- 32 2] 328 (woven carbon Gy 5,060 3,730 Sy 72 210
fiber prep-reg) & /‘FQLE}OE] W 2 ool A 5ato] 7 2AlE Gy | 3850 3,000 Syz 40 105
T35}t [Table 21 E31A17} A9 Aek T340 AR Gy 5,060 3,000 S« 72 105

Unit : MPa
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[Fig. 8] Configurations of Exo-suit
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