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Soft actuators are compliant structures that are generally made of elastomers and generate large
deformations. Finite deformation is the principal actuation basis of elastomer-based pneumatic soft actuators.
Desired deformation behavior is the key design requirement for such actuators. The behavior of these
structures is complex due to the presence of both geometric and material nonlinearities. The objective of soft
robotics applications is the controlled large deformation of these structures. This dissertation is focused on
studying the behavior of two soft actuators: 1) flat shell actuator and 2) pneu-net actuator. Analytical models
of the actuators are developed for various states.

The objective of flat shell actuator model is to optimize its design and investigate its interaction with a
cylindrical object. The cylindrical object grasp is a case of partial contact, and such interactions need special
consideration on object geometry, especially in case of inflatable actuators. Here, the grasping operation is
governed by deformed shape of the actuator and is highly dependent on object geometry. The model is based
on finite-strain membrane theory and neo-Hookean material. The presented model considers the contact
interaction of the actuator with both flat and cylindrical rigid substrates. The model is developed for three
different states of the actuator: 1) free-space; 2) contact with a flat substrate; and 3) contact with a cylindrical
substrate. In application, the model is used to predict the relative position and air pressure required to grasp
a cylindrical object using a parallel two-finger shell gripper.

The pneu-net actuator model is based on the Euler—Bernoulli finite-strain hyperelastic thin cantilever
beam theory. The deformation of actuator air chambers is modeled using finite-strain membrane theory. The
analytical model is developed for two different states of the actuator: 1) free space and 2) when the actuator
is subjected to tip contact. The theoretical formulation of the developed model is different from previously
developed infinitesimal-strain models of the actuator since it considers axial stretch and forces applied to the
actuator. In addition, it can be theoretically implemented on similar structured actuators for various
applications.

The developed analytical models predict deformation and force characteristics of the actuators. The
models involve solving nonlinear algebraic and differential equations and are computationally efficient. The
analytical model predicted deformation and force characteristics of the pneu-net actuator are compared with
the finite element (FE) model. The results suggest that the developed model can predict deformation and
force characteristics of the actuator as accurately as the FE model, but the computation time of the developed
model is less than 1% that of the FE model.



The analytical model predicted deformation behavior of the actuators is validated experimentally via
free-space deformation, force measurement, and grasping tests. The frictional properties of the actuators are
investigated for contact scenarios similar to the grasping state. In application, the developed models are used
to predict the air pressure required to attain a successful grasp. The predicted pressure is validated
experimentally on two-finger flat shell and three-finger pneu-net grippers for grasping different objects.



