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This team is working to better understand the gecko adhesion and dynamics, and to carry over this understanding into the design and fabrication of hierarchical analogues. There are three main goals this interdisciplinary team plans to achieve over the project duration: 1.) Improved fundamental understanding and development of models describing 'frictional adhesion', 2) Development of adhesion metrics and test standards for natural and artificial adhesive systems, and 3.) Design and fabrication of bio-inspired articulated reversible adhesives integrating nano-, micro- and macro-scale components for adhesion and micro-robotic applications. By addressing the system through three cohesive goals, the team hopes to make significant gains into understanding and mimicking this unique and useful system.
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Figure 1.  Hierarchical structures of the Tokay gecko from the macroscopic (the feet and toes, A-C) to the microscopic setae (D, E), to the nanoscopic adhesive pads or spatulae (F). A gecko generates both normal (adhesion, 
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) and lateral (friction, 
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) forces along different directions that together enable it to climb on walls and run on ceilings. (B) Toe configuration during attachment; (C) toe configuration during detachment, showing the unusual peeling back action of the toes.
The gecko’s dynamic adhesive mechanism has many features that could be mimicked for fabricating new types of controllable synthetic dry adhesive systems and articulated robots. Our aim is to carry out experiments on the different hierarchical structures of the gecko adhesive system (Fig. 1) coupled to theoretical modeling to establish criteria for the design and fabrication of synthetic adhesive systems employing materials that can rapidly attach and detach.   As a synergistic team, we hope to achieve breakthroughs in the understanding and creation of synthetic nature-inspired adhesives.

Specific project objectives are:
1. To understand the interplay between friction and adhesion, specifically how friction can be exploited to enhance adhesion forces (‘frictional adhesion’).

2. To understand the mechanism(s) by which geckos can strongly attach then detach their foot pads, all within 20 milli-seconds.

3. To use the Surface Forces Apparatus to measure the dynamic friction and adhesion forces between gecko setal arrays and compare the results with those obtained on specially designed synthetic surfaces. 

4. To understand the role of humidity and bulk water on the surface chemistry of the (-keratin structures that make up the adhesive gecko pads.

5. To develop predictive models for such systems.

6. To use our experimental and theoretical findings to create a functioning synthetic dry adhesive system.  We are extending the current application to a more diverse set of surfaces and scaling the results to larger areas and higher levels of adhesion.

Reversible, reusable adhesives have applications in many areas including health and medicine, robotics and manufacturing. The general area of adhesion science is one that can be successfully utilized to excite and motivate students of many levels. A website and experiments are planned to not only bring together the scientific community studying this problem, but also to excite students of all levels, which demonstrate the basics of adhesion science. The website has been created, and can be viewed at http://www.engr.ucsb.edu/~tmems.  In addition, we propose the creation of a nano-art show to bring the realm of nanotechnology to the public.  Samples of gecko and gecko-inspired art created by our group currently hangs in the UCSB Engineering Science Building breezeway, and gets lots of interest.  Finally, students (graduate and undergraduate) have traveled between the three collaborative institutions as part of internship/exchange programs.  We held the 1st annual NIRT Gecko workshop on July 10-11 of this year.  This workshop was attended by not only NIRT PI’s and graduate students, but also international collaborators from Australia and Germany.  During the two-day workshop, talks were given on progress of each team, and there were also brainstorming sessions.  The workshop was a success, and it has enabled better communication between the teams.  Copies of the workshop presentations and agenda items can be found on our NIRT website.

(For samples, see the “Overview” documents posted on the conference website, http://www.nseresearch.org/)
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[1] For further information about this project link to http://www.engr.ucsb.edu/~tmems  or email:  Turner@engr.ucsb.edu.
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