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Abstract: In this article, a soft robot arm that has the ability to twist in two directions is designed.
This continuum arm is inspired by the twisting movements of the human upper limb. In this novel
continuum arm, two contractor pneumatic muscle actuators (PMA) are used in parallel, and a self-
bending contraction actuator (SBCA) is laid between them to establish the twisting movement. The
proposed soft robot arm has additional features, such as the ability to contract and bend in multiple
directions. The kinematics for the proposed arm is presented to describe the position of the distal end
centre according to the dimensions and positions of the actuators and the bending angle of the SBCA
in different pressurized conditions. Then, the rotation behaviour is controlled by a high precision
controller system.
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1. Introduction

Biological inspiration leads to an extensive number of inventions around the world. A
rigid robot is just one example of an invention that has benefited us, either in industrial
applications or in our social lives. However, using these machines in close proximity to
humans has dramatically increased during the last decade, which has led to an increased
risk of injury. Soft robots are a good alternative to rigid robots when it comes to health and
safety due to their impressive advantages.

The softness of the material that is typically used to build soft robotics provides the
term ‘soft’ and is normally used to cover the entire robot body without any rigid joints.
One widely-used soft actuator is the pneumatic muscle actuator (PMA), which offers
various benefits, such as being lightweight, having the variety and flexibility to be built into
different structures [1–5], having high degrees of freedom (DoF) [6–8], safe to individuals
and can be implemented by various dimensions [2,5].

However, the PMA behaves at high nonlinearity [4,5,9–11], such as hysteresis and time
dependence. The inner rubber tube elasticity properties and the braided mesh [2,4] These
concerts make the modelling and controlling of the soft systems more complicated [1,12,13].

Despite the general similarity in soft PMAs, each design can show a unique perfor-
mance, one of these prototypes is the OctArm by [14], which shows adaptability, flexibility
and efficient performance. Nevertheless, it is not easy to build and control as it is con-
structed from many actuators. This design shows mechanical difficulties. The Air-Octor
soft arm in [15] is noticeably less complicated to build and control because the body of
the arm is a single soft PMA and it is actuated by tendons. Though, the friction of the
cables decreases its performance, which produces unpredicted changes in cable binding
and moves the trunk in indefinite performance. A soft arm of three sections of six extensor
PMA in the first two sections and three extensor actuators in the Section 3 is proposed
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