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Fiber Reinforced Pneumatic Coiled Actuators from Elastic Tubes

Fabrication

Working Principles

Applications Demonstrations

Characterization and Modeling
• The ideal artificial muscles is1:

➢ Compliant

➢ Low Cost

➢ Energy Efficient

➢ Controllable (low hysteresis/transport delay)

➢ High Work Density

• We introduce the Fiber Reinforced Pneumatic Coiled Actuator (FR-PCA) that:  

• Reduces pressure requirements, increases efficiency, is controllable, and is low cost. 

• Enables novel untethered soft robotics capabilities.
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Actuator Efficiency (%) Strain (%) Input Pressure (psi) Response Time (ms)

This Work 35.9 49 50 50

Cavatappi2 9 50 240 30

PPAM3 5 38 22 50-200

TCA4 1 49 N/A >1000

Human Muscle5 40 40 N/A ~120

Untethered Quadruped

Continuum Robot

FR-PCA outperforms prior works:

Demonstrates:

• Untethered Capabilities

• Controllability 

• Higher Efficiency

Controllability

• Smith Predictor Compensated 

Feed Forwards Controller

Tunable Performance

• Strain

• Stiffness

• Pressure Requirements
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Tube untwist: 𝐻𝑒𝑙𝑖𝑥 𝑎𝑛𝑔𝑙𝑒, 𝛼 = tan−1(𝜋 ∙ ∆𝐷 ∙ ∆𝜃)

FR converts more radial expansion into untwist, increasing energy efficiency

(Adapted from 4)

Demonstrates:

• Controllability 

• Tunable Performance
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