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Realistic applications in robotics demand robots that can both be used for locomotion and
manipulation. Snake robots have shown a lot of promise for locomotion tasks in unstructured
environments, however, there is not much research regarding their use in manipulation tasks.

When a shake robot is used to manipulate an object there are several factors that need to be
considered. A snake robot does not have a base, unlike a robotic arm, and may slip. Additionally,
the snake robot has more contacts with the environment. For example a 2D snake robot is always
contacting the ground with its belly, creating friction forces. The influence of the environment must
be considered. However, it has not been studied how this extra interaction affects the snake robot in
manipulation tasks. Does it help or hinder the manipulation of an object? Additionally, we
conjecture there must be a set of configurations of the robot that must be optimal for manipulating
an object.

In this thesis, using tools of multi-body system modeling and differential geometry, a complete
framework for analyzing snake robots used in manipulation tasks is developed. The model can
consider the extra interaction with the environment, and also the inertial parameters of both the
robot and object to be manipulated. The analytical results are verified with simulations and
experiments using a 7-joint snake robot.

It is found that there is a set of optimal postures of the snake robot that maximize the force
imparted onto the object, therefore maximizing its acceleration. These postures are parameterized
with the polar coordinates of the COM of the snake robot. Therefore, these optimal postures apply to
any snake robot, regardless of its number of joints. To study the motion of the system, a new metric
relating the slippage of the object and slippage of the snake robot, called slippage ratio is proposed.
It is found that the friction forces between the snake robot and ground, even when consider ideal,
has little effect on the acceleration of the object, but have a significant impact in reducing the
slippage of the snake robot.

The results presented may help to use snake robots in tasks involving manipulation. Since a set
of optimal postures is found, this can be used to formulate better control strategies. Additionally, the
slippage ratio proposed can help to make control strategies that either maximize the acceleration of
object to be manipulated, or minimize slippage of the snake robot.



