Abstract

We present an approach for controlling the distribution of forces for a multi-legged climbing robot. As part of the approach we propose a contact model that accounts for a combination of friction and adhesion and we demonstrate its use in controlling the contact forces at each foot so that a robot can climb steep slopes and vertical walls. The approach is demonstrated on a six-legged climbing robot and the results are compared with the force distributions observed in climbing geckos and insects.

Introduction

Background on forces in legged robots…

Original papers by Kumar & Waldron, Kerr & Roth. 

Point out that many subsequent papers on force control and force distribution in dexterous manipulation. Typically result in efficient LCP formulation. 

Various treatments of friction – sometimes with linearized version of friction cone as an N-sided pyramid and with or without consideration of torsional loading for finite contact patches. Newest formulations are efficient enough to run in real time during manipulation. Much less consideration of the control of contact forces in legged locomotion – in part because recent trend has been towards running and hopping robots for which dynamic stability with an airborne phase is more important than optimizing contact forces while in contact with the ground. 

However, we argue that climbing shares with dexterous manipulation the need to carefully control contact force distributions. Consideration of internal and external forces in climbing has been recognized by Dubowsky et al and by Bretl et al.  However, in neither of these models, nor in any of the dexterous manipulation work has adhesion explicitly been accounted for. 

In next section we introduce a simple extension of the friction cone model that accounts for finite adhesion and then illustrate its use in the control of contact forces for a climbing robot.

Proposed contact model and comparison with test results

Define the model formally.

Diagram and discussion of embedded cone model. The basic features of the model  match qualitative observations. Details (e.g. whether the side walls of the cone should actually be linear or curved convex or concave) are subject to argument. Can perform some simple tests to see if  the model is adequate. Given high sensitivity of both adhesion and friction to effects like surface moisture, dirt, variations in texture a highly accurate model is not required or warranted.

Need to do some simple experiments with a weights and force plate for friction materials and show that the “embedded cone” idea more or less works.

Simple test results and comparison with model.

Controlling force distributions with friction and adhesion

Explain Daniel’s force distribution algorithm and acknowledge its basis in work of Kerr & Roth, etc. Show a typical figure and plots for a tripod of feet + tail as a function of slope. (Tripod of contacts could be for either a hexapedal or quadrupedal robot).

Explain special treatment (if any) of tail. 

Comparison with observed forces in animals

Briefly summarize Full and Goldman’s observed force distributions for geckos, cockroaches. Effect of inward lateral force and what it does.

Application to a robotic climbing hexapod

Discuss implementation on RiSE platform with force sensors. Acknowledge limitations due to non-backdrivable transmission. Show results.

Conclusions
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