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Abstract 

This paper presents a simple and fast design and implementation for a soft robot arm. The proposed continuum arm has been 

built by a single self-bending contraction actuator (SBCA) with two-fingers soft gripper. Because of the valuable advantages of 

the pneumatic artificial muscle (PAM), this continuum arm provides a high degree of safety to individuals. The proposed soft 

robot arm has a bending behaviour of more 180° at 3.5 kg, while, its weight is 0.7 kg. Moreover, it is designed to assist the 

people by reducing the number of backbends and that leads to a decrease in the possibility of lower back pain. 

KEYWORDS: Pneumatic artificial muscle (PAM), Bending actuator, Lower back pain, Continuum arm, Human-robot 
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I.  INTRODUCTION 

 The major cause of disabilities for a long period in life is 

the lower back pain (LBP) [1]. While more than 90% of LBP 

symptoms are unknown, clinical researchers are still 

developing structural anatomical and the mathematical 

biomechanical model [2]. On the other hand, the majority of 

work types require body bend to pick up tools and objects. 

This process causes medical back problems. 

The high probability of injury risks is the major significant 

aspect of human-robot collaboration. The soft robotics 

represent substantial alternatives for rigid robots due to its 

softness and low weight. The soft pneumatic actuators that 

inspired by a human’s muscle, such as the pneumatic 

artificial muscle (PAM), are widely utilised to build such 

forms of robotic systems. Numerous advantages are known 

for the PAM, such as the high force to weight ratio, multiple 

degrees of freedom (DoF), variable stiffness, low cost and it 

is safe for human-robot collaboration [3][4][5][6].  Thus, 

soft robots are safe for individuals and can work together 

with a human in the same workspace.  

The bending pneumatic air muscles have been developed by 

numerous researchers. Among them is that presented by [7] 

using two chambers instead of one inner tube to create a 

bending actuator. The authors in [8] proposed a PneuNet 

actuator by utilising various thicknesses for the inner tube. 

The implementation of the PneuNet is easy, however, it 

lacks in the ratio of the elasticity. To overcome this 

restriction, a polymer fibre is used in the PneuFlex actuator 

to support the rubber substrate, as proposed by [9]. In 

comparison with the silicone, the polyethylene terephthalate 

(PET) material is three to four times less elastic. [10] utilised 

the strain limiting layer on one side of the extension actuator 

to prevent elongation from this side and to make the other 

side free to extend. This method is used by [11] but adapted 

by using a high tension thread to partially fix the extensor 

PAM length. [12] utilised the impact of the braided angle by 

using two different braided angles of the braided mesh for 

the contractor muscle actuator to develop the bending 

performance. [13] used two integrated jamming actuators in 

parallel to create a bending performance. The jamming 

technique is used by [14] to control the bending stiffness. 

[15] used tendons to establish the bending behaviour for the 

soft gripper. The PAM can be used in various engineering 

areas including humanoid robots, wearable robots for 

medical applications, industrial and airspace applications, 

and mobile robots [16]. On the other hand, bending muscle 

can be implemented by 3D printing, this technology 

provides fast prototyping, flexible design, and an easy way 

to implement the actuators and sensors that have the 

complex structure [17]. Furthermore, 3D printing offers an 

efficient way to build an actuator by using different materials 

and layout at the same time [18].  A fused deposition 

modelling (FDM) technology has been used by [19] to 

develop a 3D printed pneumatic muscle. Inserting soft 

sensors during the fabrication of the pneumatic actuators by 

the 3D technology is called 4D printing methods and it 

provides a valuable technique to manufacture such types of 

actuators [20].   

In this paper, a proposal of a soft robot arm with a proper soft 

gripper is presented by using the techniques of the SBCA. 

The experiment to identify the performance of the proposed 
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robot arm is explained together with several uses to assist the 

workers or lower back pain people.   

II. MATERIALS AND METHODS 

In this paper, the self-bending contraction actuator (SBCA) 

by Al-Ibadi, et al. [21] is used to design a single actuator 

continuum robot arm. The specifications for this actuator are 

listed in Table 1. The small size of the SBCA is used to 

design a two-finger soft gripper and it is mounted to the end 

of the soft robot arm.  

A. Fabrication of the continuum arm 

The simple type of the contraction pneumatic soft muscle is 

built by using inner rubber tube surrounded by braided mesh, 

then closed by two solid ends with a small air inlet [22] [23].  

On the other hand, the SBCA is a modified version of the 

contraction actuator with an inserting flexible reinforcement 

road to prevent the contraction from the rod side and 

establishes the bending behaviour [24]. Fig. 1 shows the 

construction procedure of the continuum arm. 

TABLE. 1.  

The material specification of the robot continuum arm 

 

L0 (m) 0.6 

Rubber thickness (m) 0.0011 

Braided thickness (m) 0.0005 

Rubber diameter (m) 0.00265 

Rubber stiffness(N/m) 545 

Rod length (m) 0.6 

Rod thickness (m) 0.003 

Rod width (m) 0.025 
 

L0 is the length of the SBCA at a relaxed condition (no 

pressure). 

 

 

 
 

 
 

 
 

Fig. 1. The structure procedure of the continuum arm [21]. 

The end effector is made from two small size bending 

actuators. In order to maximise the grasping volume, the soft 

fingers are pulled by an elastomer ribbon as illustrated in 

Fig. 2.   

The soft gripper offers highly efficient grasping performance 

due to its soft texture, compliance, high grasping force, low 

weight, and low cost. The end effector has been designed to 

be mounted at the end of the soft robot arm to grasp different 

types of objects and tools may the workers need to reduce the 

number of their back bending. 

 

 
 

 
Fig. 2. The two fingers soft gripper based on SBCA. (a) The 

soft gripper at different air pressures. (b) The schematic 

design for the soft finger. 
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Fig. 3. Shows the continuum arm and the soft gripper at 

several actuating conditions. To verify the softness, 

compliance, and safety for human-robot interaction. 

 

 
 

 

 
 

 

 

 

 
 

 

Fig. 3. The entire continuum arm and several actuations and 

grasping examples. 

 

 

III. EXPERIMENTS AND RESULTS 

An experiment has been done to evaluate the maximum 

bending force for the proposed arm. The continuum arm is 

fixed from the inlet end to the frame vertically, then air 

pressure is applied via three stages solenoid valve gradually. 

At each step, the soft arm bends to a specific bending angle 

(see Table. 2 For a 30 cm SBCA). To reduce the bending 

angle to its initial value (zero degrees), a load is attached to 

the free end. At each time the pressure is increasing, the load 

is rising to maintain zero bending angles. The maximum 

tested air pressure for safety work is 500 kPa. Fig. 4 shows 

an example of this procedure.  

 The proposed soft arm is tested at a maximum bending force 

of 9.2 kg and 3.5 kg at 180°. The weight of the proposed arm 

together with the two-fingers soft gripper is 0.7 kg and this 

gives about a “13” force to weight ratio.  

 

TABLE. 2. 

The maximum bending angle at different loads for the 30 cm 

SBCA 

 

Load (kg) Bending angle (degree) 

0.0 213.1 

0.5 136.2 

1.0 73.0 

1.5 49.3 

2.0 34.1 

  

 

 

 
 

Fig. 4. A 30 cm SBCA at 300 kPa and loaded by 1.0 kg. 
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IV. CONCLUSION 

Using the soft robot arm close to humans is safe due to the 

softness and the lightweight of its material.  

The proposed robot arm provides significant assistance to 

humans to prevent or reduce the pain caused by bending the 

human back.  

The pneumatic muscle actuator provides numerous 

advantages over the rigid types, Specially for the 

human-robot interaction.  

This paper presented a single SBCA of 50 cm in length to 

design a robot arm that can be used close to humans to pick 

up objects and tools from the ground and lift them to the 

individuals to help them reduce the number of back bending. 

This leads to reducing back pain.    
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