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ABSTRACT

DESIGN AND CHARACTERIZATION OF VACUUM ACTUATED SOFT
ROBOTIC GRIPPER
Scientific Paper in the form of Thesis, 8 June 2021

Noer Fadzri Perdana Dinata; supervised by Agung Mataram and Muhammad Abu
Bakar Sidik

Perancangan dan Pengkarakterisasian Tangan Robot Penggenggam dengan
Metode Aktuasi Tekanan Vakum

xii + 40 pages, 2 table, 18 figures

Grasping of fragile objects is a currently active area of research which is
advancing continuously throughout the years. Although conventional robotic
gripper systems have proved their versatility, a recent favourable option is to
utilized soft robotic grippers to hold various shapes and interacting with
unstructured environments. The principal concept of soft grippers is to handle or
manipulate various fragile items without harming the object. In this research, we
show structured soft-vacuum actuators covered with commercially available latex
balloons as a membrane. These actuators are directly manufactured into
segmented soft robotic fingers using commercially affordable fused deposition
modelling 3D printer. Due to its flexible structural deformation, the task could be
achieved without additional complications like their rigid-bodied counterparts.
Some advantages of this development are its economical production cost, vastly
available material, straight-forward fabrication, and large payload to weight ratio.
While the gripper only weighs approximately 63 grams, it capable of lifting to 800
grams load. These actuators’ behaviour is predicted using numerical analysis in
finite element modelling, which then verified through experiments. On average,
the soft fingers need only -70 kPa to perform the task and fulfil full motion.
Furthermore, several structural configurations have been investigated in order to
observe any relation between the geometry to the actuator performance. The
research presented here confirms that a slight modification of geometry could
reduce the deviation after repetitive actuation of soft vacuum actuator up to 50%.
The findings presented in this study add to the understanding of geometry, force
distribution, and its relation to performance deviation of soft actuators. Finally,
the soft structures are fabricated into a soft robotic gripper. Such gripper is
utilized to pick up several items, to demonstrate its application to grasp objects.
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 CHAPTER 1 

INTRODUCTION 

1.1 Background 

The grasping of delicate objects is an ongoing field of inquiry that 

increasingly progresses through the years. Although the versatility of traditional 

robotic gripper systems has been shown, a recent favorite alternative is to use soft 

robotic grippers that can grasp diverse shapes and interact with unstructured 

environments. The key idea is that many delicate objects can be handled or 

manipulated without damaging the object.  

The role of manipulating delicate objects is accomplished in soft robotics by 

substituting the principle of articulated finger joint motion for deformation of the 

material. The idea is to shape the soft gripper around the target as it comes to touch. 

The task could be done without further problems such as rigid-robot equivalents 

due to their versatile structural deformation.  

1.2 Problem Statement 

Excessive use of positive pneumatic pressure is now repeatedly recorded as 

the actuation method for soft robotic inventions (Ilievski et al., 2011; Hughes et al., 

2016; Miriyev, Stack and Lipson, 2017; Vasios et al., 2019). Recent innovations 

however revealed interest in a soft robot actuated by vacuum pressure (Brown et 

al., 2010; Robertson and Paik, 2017), given its implicit fail-safe operation (Yang et 

al., 2016). The latter actuation term is then being praised for its repeatability and 

performance under repetitive actuation.  

There are also similarities between the soft robotic systems that actuate on 

positive or negative pressure. The actuation concept of soft pneumatic actuators is 
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basically equal, whether they are provided by a compressor or by a vacuum pump 

where both required internal pressure to actuate. For example, an excellent vacuum-

actuated gripper is called universal gripper (Brown et al., 2010) where the principle 

of granular jamming is implemented in conjunction with the object’s form. A recent 

progress also uses a 3D printing system (Tawk, Spinks and Alici, 2019) to 

incorporate a simple fabrication, with the benefits of quick prototyping and various 

potential applications.  

Much of the academic literature of soft pneumatic actuator (SPA) pays 

particular attention to positive pressurized air actuation (Ilievski et al., 2011; 

Hughes et al., 2016; Miriyev, Stack and Lipson, 2017; Vasios et al., 2019). It was 

used in numerous applications, in particular for the production of soft robotic 

grippers. Not until recently, a potential ’fail-safe operation’ for a vacuum actuated 

continuum robot was claimed by (Robertson and Paik, 2017). This study explores 

the use of negative pressure as the actuation method in a new perspective on robotic 

soft fingers. 

1.3 Research Scope and Objective 

For this research, an extensively available latex balloons was used to cover 

the soft-vacuum actuators 3D printed structure. A commercial fused deposition 

modelling (FDM) 3D printer was used to fabricate the actuator into segmented soft 

robotic finger. The fabricated soft robotic finger was considered as a sample to be 

characterized. This study measured the actuation / deactuation response, along with 

energy consumption for actuation, as a performance related characterization. In 

addition, the trajectory of the finger motion was analyzed using finite element 

analysis software, which further verified experimentally. As a demonstration in 

applied field, a three-finger gripper configuration was developed and tested to grasp 

and picked several types of objects. 



3 

Universitas Sriwijaya 

1.4 Research Limitation 

This study limits its interest on soft robotic system for gripping fragile objects 

application. To further put clear boundary in this research, the fragile objects is 

determined as brittle items that under certain stress will cause the items to fracture 

with elastic deformation and without significant plastic deformation. The fragile 

objects under consideration is presented in chapter 2, sub-chapter 2.4. Force value 

that imply to object fractures is set as maximum value of force that allowed to be 

generated on the soft robotic finger. Therefore the design considered the force value 

to be less than the sample fragile objects can endures. 

By taking the above limitation, any potential benefit for the development such 

as locomotion and object manipulation will be neglected. Subsequently, the 

material used in this study will focused solely on 3D printed Thermoplastic 

polyurethane (TPU) material as prototype sample, any possible used of other 

materials will not be considered. 

1.5 Research Advantage 

The benefits of this development are the economic cost of fabrication, the 

vastly usable material, straight-forward manufacturing, and high weight to payload 

ratio. The demonstration shows that the soft robotic gripper capable of lifting up to 

800 grams of load, while only weighs around 63 grams. The behavior of these 

actuators is modeled by numerical analysis in finite element modeling, and is then 

confirmed by experiments. On average, soft fingers require only -60 kPa to perform 

the task and perform full motion.  
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