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How to achieve twisting motion
→Unidirectional fiber removal

How to achieve curving motion
→Insertion of restraining fiber

Air pressure ( Twisting, Curving )
→ 𝑃t , 𝑃c

Angle ( Twisting, Curving )
→ 𝜃t , 𝜃c

Pneumatic artificial muscle[1][2]

Achieving a variety of motions
by combining different artificial muscles

Unidirectional fibers
 → Twisting

Symmetric crossing fibers + Restraining fiber
→ Curving

Inner Rubber Tube + Reinforcement Fibers
How to reinforcement ⇒ Motion type  

Motion and Characteristics

◆Easy Fabrication of a soft mechanism using this braider machine and 
water- soluble fibers

◆Independent actuation of twisting and curving artificial muscles

Air pressure condition

Twisting part 𝑷𝐭 Curving part 𝑷𝐜

Varying between 0 and 300 kPa 0 to 300 kPa in 50 kPa increments

A braider 
machine 

Technology

Simple fabrication process
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Symmetric crossing fibers
→Contracting axially, Expanding radially

Soft robot arm

Pipe inspection robot

Problems

Complexity of manual 
fabrication

・Fabrication of each 
artificial muscle one by one

・Bonding process of them 

Water 
soluble 
fibers

Aim of this study

+

Target motion

𝑷𝐭 = 300 kPa 𝑷𝐜 = 300 kPa

𝜽𝐭 = 360° 𝜽𝐜 = 90°

Making 
inner 

structure

Braiding of all fibers using 
a braider machine

Removal of  
water-soluble 
fibers from a 
twisting part

Removal of  
restraining 

fibers from a 
twisting part
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