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Abstract

Soft actuators drive the motion in soft robots. The design and development
of these actuators depend on the intended application. In this work, the design
and analysis of skeletal muscle-like soft actuators is carried out, which have the
potential to be utilized in the domain of soft wearable technology. Notably, the
work focused on designing and modeling pneumatically and electrically-driven fiber-

reinforced tubular soft actuators.

The initial phase of this research involves the detailed modeling, fabrication,
and experimental characterization of pneumatic-based soft actuators, specifically
Pneumatic Braided Muscle (PBM) actuators. A nonlinear physics-based model in-
corporating friction loss factors is developed, which characterizes the quasi-static
behavior of PBM actuators. In addition, the model is validated with the experimen-
tal results. In order to characterize these actuators, a set of three PBM actuators
is fabricated in-house. Moreover, it is observed that the geometrical parameters of
the actuators affect the actuation. Consequently, it motivates the development of a
parametric computational design framework to generalize the design of soft actua-
tors. The computational design framework uses a generative machine learning model
to generate new designs. The qualitative and quantitative methods are used to eval-
uate the generative model, and the performance of the novel designs is evaluated
using Finite Element (FE) analysis. The complete process is automated using an
in-house Python code. The developed algorithm is applied to generate new designs
of soft Pneumatic Network (Pneu-net) actuators that could perform a multimodal
actuation. Moreover, the algorithm could be applied to PBM actuators as well to
obtain new designs. Further, a natural muscle-like dynamic model is developed to
study the nonlinear dynamic response of PBM actuators. The nonlinear frequency
response provides essential guidance for selecting parameters of PBM actuators in

dynamic applications.

In the following part of the study, Electroactive Polymer (EAP)-based soft ac-
tuators are focused on, particularly the Dielectric Elastomer Actuators (DEAs) and
Conducting Polymers (CPs). First, an Electro-PBM (EPBM) actuator is modeled
by substituting the silicone bladder with DE. The constitutive relations change for

EPBM actuators. However, the actuator requires input voltage in the range of



a few kilo Volts to operate and does not deliver a high free contraction. Subse-
quently, low voltage-driven EAPs, specifically Fiber-reinforced Tubular Conducting
Polymer (FTCP) actuators, were investigated as a viable solution. An electro-chemo-
mechanical model of FTCP actuators is developed. The nonlinear deformation model
is linearly coupled with an electrical circuit-based electrochemical model. The model
predicts the response of FTCP actuators for an applied voltage (< 5 V). Moreover,
the alteration in the fiber properties results in dual-mode actuation for the same

applied voltage.

Overall, this thesis contributes to the design and analysis of skeletal muscle-like
soft actuators. The findings underscore the importance of design parametrization
of pneumatic and electrically-driven soft actuators, thus paving the way for future

advancements in soft wearable robotics.

Keywords: Soft Robotics, Soft Actuators, Artificial Muscle, Soft Pneumatic Actu-

ators, Conducting Polymer Actuators, Generative Design
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