Softbot Technical Volume

Concept Definition

A wide diversity of animals, from octopi to mice, exhibit the ability to morph, which we define as changing configuration as well as dimensions in a way that increases functional capabilities.   This locomotion strategy can have varying goals, such as allowing the animal to squeeze through small openings or around obstacles, or adjusting gait, speed, or workspace to adapt to its environment or task.  The morphing space is usually continuous, rather than discrete, as evidenced both by the compliant bodies of these animals, as well as the varied obstacles faced and overcome.  Indeed, the limiting factor of the morphing space is often the largest rigid structure in the animal, such as the skull.

The implementation of soft and compliant structures in current robotic technology has been limited to appendages, sensors, and other task-specific structures.  However, conventional robotic components, such as the chassis, motors, drivetrain, and batteries, severely limit their ability to morph.  A new class of robots that can dramatically change shape, locomote, extrude through narrow openings, and reconsitute, to achieve mobility on par with morphing animals, would require either softer components or a different overall strategy.
<Talk about the different strategy>
Actuation Strategy
Our robot’s actuation strategy is based on previous work by Goldfarb et al.   on liquid chemical actuation, using catalyzed hydrogen peroxide.  The basic principle of this reaction is to dispense hydrogen peroxide over a catalyst such as XX, causing a reaction whose byproducts are water vapor and oxygen gas.  This reaction is exothermic and produces a XX-fold increase in volume at STP.  (Insert PV diagrams?)  Therefore, at operation pressures of XX psi, a XX volume of liquid used for a XX volume pressure bladder will yield XX cycles.
Microvalves from Lee Valves (Series 120) will be used for dispensing the liquid fuel through the catalyst.  These valves will be located along the central spine of the robot.  Other valves may be used for exhaust, or, to save weight and bulk, a timed release or condensation strategy may be employed.

<Energy Efficiency Calculations>

Hydrogen peroxide, H2O2, has an energy density of XX, comparable to that of electrical batteries….
Materials and Structure (sketches needed here)
The materials and structure of our robot are based on customized manufacturing of silicones and urethanes.  Using shape deposition manufacturing (SDM), Cutkosky has constructed bio-inspired structures capable of several hundred percent strain that maintain selective stiffness properties.  These structures can also contain embedded sensors, actuators, and reinforcing fibers.  SDM has already been used in the construction of successful bio-inspired climbing and running robots.  

For this robot, careful design is required to ensure that volumetric expansion from the chemical actuation is converted into appropriate amounts of axial and radial expansion.  These amounts will be dictated by locomotion strategy both during normal and “extruded” operation.  Inextensible fibers (e.g. Kevlar) and elastic fibers can be embedded to achieve desired operation.  In addition, active shape-changers (e.g. Nitinol) can be used to tune or change gaits.

The outer structure is a thin elastomeric balloon that is capable of high strains at low pressures.  Puncture-resistance is a key design feature, especially if the robot may be traveling over rough or sharp terrain features.  Inside the balloon is an elastomer liquid fuel bladder (hydrogen peroxide), which will be deformable (though incompressible) and self-consuming.  This bladder will be connected along the entire length of the robot, allowing liquid to move from one segment to the next as the pressure in each segment changes.  Also inside the balloon is a concentric elastomer pressure bladder which can be filled and emptied of the catalyzed fuel gas.  The solid catalyst may simply be placed inside the bladder, giving it a minimum volume, or alternately kept elsewhere, allowing full deflation of the bladder when empty.  Finally, a semi-rigid central spine will contain micro-valving, sensors, communication  and computation electronics, and any other hard componets.  This spine will therefore be one of the “limiting factors” in the morphing workspace.    
System Architecture

?
Locomotion Strategy

Open-ground locomotion depends greatly on the body structure of the robot.  In all cases, however, an anchoring system is required to vary friction with the ground.  Animals, such as the gecko, rely on a hierarchy of attachment strategies to adhere to climbing surfaces such as rock, bark, or glass.  Cutkosky’s work on climbing robots has yielded excellent adhesion mechanisms for both smooth and rough surfaces.  These same mechanisms can be used for directional friction on the surfaces Chembot might encounter.

For rough surfaces, directional barbs or microspines will be used.  These will hold against the surface in either one or all directions, and their movement can easily be coupled to the robot’s axial or radial motion. <quantitative performance of microspine><insert picture of push-pull barbs?>
On smooth surfaces, the attachment mechanism can be changed to directional adhesives.  Achieving XX N of adhesion per sq. cm, these adhesives scale well down to Chembot sizes.  <More about them>  
For the simplest platform design, an annelid (worm-like) gait will be used.  Since the actuation mechanism will cause both radial and axial changes, an anchoring mechanism on each segment, either passively dependent on radius or active, will allow successive segments to move forward.  Turning can be achieved through selective use of active anchoring mechanisms. 

In later phases, more complicated platforms such as the tri-star will allow greater flexibility in the use of attachment mechanisms.  <How much should I go into tri-star?> 

<Something about quantitative performance of microspine, directional adhesive, etc. >

Shape Morphing and Reconstitution

On-board Computing

On-board computing and associated power will be a significant percentage of the hard components of the robot.  The computing electronics can be implemented on a flexible circuit, but only 
Sensing

Traversal Strategy

Analysis

Morphing methods, advantages and fundamental limits -- and how we will address them. 


Why morph?  Adapt to environment (size), actuation, possible manipulation



Shape change – why start large?



Actuator (vs wheels or solid legs)



Manipulation (

Propulsion issues, challenges and how we'll address them. 

Materials challenges and be sure to answer questions on the whitepaper. 

Fabrication issues, challenges and how we'll address them. 

Electronics and sensing issues, challenges and how we'll address them. 

