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Ray Baughman became the Robert A. Welch Professor of Chemistry and Director of the NanoTech Institute 

at the University of Texas in Dallas in August 2001, after 31 years in industry. He is a member of the 

National Academy of Engineering, the Academy of Medicine, Engineering and Science of Texas, the 

Academia Europaea, and the European Academy of Sciences and Arts; a foreign member of the European 

Academy of Sciences; a Fellow of the Royal Society of Chemistry, the National Academy of Inventors, 

and the American Physical Society; an Academician of The Russian Academy of Natural Sciences; an 

honorary professor of 7 universities in China; and is on editorial or advisory boards of Science and other 

journals. Ray has 89 issued US patents and 415 refereed publications, with over 36,150 citations and a Web 

of Science H-index of 84. 

Abstract 

Successive generations of artificial muscle yarns and fibers have provided the understanding 

needed to progressively increase muscle performance. While our original electrochemical muscles 

based on carbon nanotube (CNT) sheets provided only about 0.1% tensile strokes, our present 

coiled yarn electrochemical CNT muscles provide tensile stokes as high as 12%, and 65 times the 

work capacity per cycle and 100 times the load-lifting capability as the same size natural muscle. 

Our polymer muscles made from fishing line or sewing thread, which are thermally, 

electrothermally, or chemically powered, can rotate at 100,000 rpm, contract 49%, generate 5 

times the gravimetric power of a car engine, lift 100 times heavier loads than the same length and 

weight human muscle, or actuate at 7.5 cycles/s for millions of cycles. The strokes of these polymer 

muscles has been increased to a remarkable 9000% for applications as diverse as thermal energy 

harvesting and comfort-adjusting clothing. We have very recently shown that our CNT muscles 

can be operated in reverse to generate a gravimetric electrical power output that is higher than for 



any reported mechanical energy harvester for few Hz to 600 Hz frequencies. These “twistron” 

harvesters were used in the ocean to harvest wave energy, combined with thermally-driven 

artificial muscles to convert temperature fluctuations to electrical energy, sewn into textiles for use 

as self-powered respiration sensors, and used to power a LED and to charge a storage capacitor.  

 

 

 

 

 

 

 

 

 


