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Abstract— Grasping, sorting, or inspecting of products
require an end-effector known as grippers attached at
the end of a robotic arm or manipulator. Handling of
fragile or delicate objects require sophisticated, under-
actuated, adaptive, soft grippers that interacts
dynamically with environment. The proposed paper will
discuss around soft robotic grippers and classify the
literature based on objectives, design, mechanical
adaptability, and materials used for development.
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1L.INTRODUCTION

The task of picking and holding the object is called as
grasping and exerting force on the object is called as
manipulating, and these functions are executed both
by robots and animals. Animals and robots use these
functions to perform different tasks such as digging,
rotating, holding, perching, scratching and
locomotion. Moreover, they have sensory information
to detect material, texture, temperature, and many
other physical properties. In this article the word
“Grippers” will be used to indicate the robotic end-
effectors.

To directly interact with external environment or
foreign objects, robot contains parts through which
these tasks can be executed known as end-effectors.
Grippers as a part of end-effector plays a significance
role between robot arm and work piece. Use of soft
grippers in robots for material handling will reduce
effect of damage.

Traditionally grippers used to consist of rigid links and
heavy actuators. A comprehensive review of different
soft robotic grippers is done based on their
applications, actuators and materials used. Design for
grippers varies from two fingered gripper to
anthropomorphic grippers. The motivation for
flexibility and dexterity of holding an object, gripper
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design fluctuates according to application. Two
fingered grippers are usually mechanically simpler
and restrict on grabbing uneven shaped object.
Anthropomorphic are challenging in design as
compared to two fingered grippers. They are
mechanically complex, flexible, and difficult in
handling soft and deformable objects. The actuation
for soft grasping is different in many ways, in this
review actuators such as shape memory materials,
pneumatic, vacuum, external motors, pulling of
embedded cables, and dielectric elastomer actuators.
Grippers for grasping soft and fragile objects,
advanced materials are discussed consecutively.
Material selection is central in design of grippers thus
material characteristics such as maximum elastic
deformation,  viscoelastic, and stiffness are
implemented for soft gripper design. The most widely
used materials in soft grippers are silicon, shape
memory alloy such Ni-Ti alloy (Nitinol), and many
other biodegradables, and edible, materials.

2.GRIPPING BY VARIOUS MEANS AND
APPLICATION

Various actuation techniques can be preferred for
grasping different objects. Researchers investigated
many such techniques of soft gripping, here we have
focused on our review paper representing soft gripping
by different actuators.

2.1 Gripping by Complaint Structures

Complaint structures are operated by motors which are
attached to the gripper externally for holding objects.
The feature of complaint structures is the non —
appearance of segments inside the gripper which
passively adapts to the shape of object when externally
motor is driven as shown in Fig 1. The main advantage
of this structure is high mechanical robustness,
moreover motor is connected externally hence size and
weight are mostly self - reliant to the geometry of
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gripper. Due to this external connection of motor the
gripper provides wide range of gripping area selection.

Fig 1: Complaint structure gripper (a) Robotic arm
with complaint mechanism gripper, (b) Complaint
gripper with open jaws, and (c) Complaint gripper
with close jaws [1]

Figure la. shows developed underactuated complaint
structure soft robotic gripper mounted on a six-axis
robotic arm. Figure 1b and 1c shows open jaws and
close jaws of gripper respectively. In [1] developed
monolithic complaint mechanism by synthesizing
topology optimization method. This method is
basically used to arrange finest layout of the complaint
jaws. The proposed gripper can grasp an object with
sizes between 42 and 141mm and maximum payload

of 2.1kg.
v Fingertip

PMC 780
Core

Core segment
slots

. L
VytaFlex 30 _~
. skin
Aluminium L

shape bracket Plastic

Elastic core - base base

interlocking arches

Motor
housing

Fig 2. Multi-Segmented core Pre Shaped Adaptive
Soft Gripper [2]
Figure 2. shows a parallel two fingered gripper with
rack and pinion mechanism actuated by a motor. This
is a multi-segmented core pre shaped adaptive gripper
(MS-PSA) finger produced with silicone material on
its exterior and segmented core in its interior. As
discussed in [2], a structure that has the capability to
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wrap around various shaped objects thus firmly
grasping the objects resisting the frictional force. The
material for MS-PSA gripper finger include
polyurethane rubber (PMC-780) core with a polylactic

acid (PLA) at finger tip.
PMC-780
\ Pin Tlps

Acrylic 2 )
Plate / !

PMC-780
Flexure Joint

Gripper Base
Ecoflex 00-30

Springs
Fig 3. Hyper adative (HA) fingered Gripper [2]
Figure 3. dipicts hyper adaptive (HA) finger which
include array of pins on pads. This contradicts from
complaint structures which deforms in all directions
equally. The pin array pads helps to grasp the objects
by distributing independent forces on contact regions
to each pins, thus reducing slippage and ensuring
stability.
Shape Memory Materials

Fig 4. Shape memory alloy (SMA) actuated flexible
gripper [4]
In paper [4] researchers presented on SMA actuated
dual arm flexible gripper for grasping objects. The
gripper is developed using Ni-Ti Nickel Titanium
Alloy (Nitinol) having physical tendcy to bend when
applied external heat. As demonstrated in figure 4, the
gripper jaws are covered with rubber betls to create
grip when holding an object. Magnets are attached at
the tips of gripper attaining locking when the finger
gets bend on energizing. The gripper is successfully
tested on pipes, metals poles etc.
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Gripping by pneumatic, telescopic actuators
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Fig. 5. Telescopic hybrid soft gripper (left) and
telescopic soft gripper (right) [3]
As discussed in [3] demonstrated pneumatically
actuated telescopic hybrid soft robotic gripper. Figure
5, shows three fingered hybrid gripper (left) and two
fingered gripper (right) in deflated (top) and inflated
condition (bottom). Researchers  presented
pneumatically actuated soft fingered gripper with a
rigid base, telescopic mechanism that guides on linear
rails for varying grasping size of desired object.
Urethane rubber is used as material for telescopic
mechanism which can operate on pressure of 30kPa.
Basically the gripper developed is a combination of
soft and rigid structures which facilitates stable grasp
of faragile and delicate objects. The curvature design
of telescopic gripper helps to grasp wide range of
objects and exert significant contact forces.

2.4 Gripping by elastomer actuation
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Fig 6. Soft claw gripper: (a) Front view (b) isometric
View (c) closed configuration (d) top view (e) actuator
arrangemnt [6]

In paper [6] researchers proposed a soft robotic gripper
made entirely from elastomeric material. The paper
mainly focuses on minimal invasive surgery but can
be scaled to other grasping application of fragile and
delicate items. As shown in fig. 6 three fingered soft
robotic gripper is made of silicone material because of
its flexibility and elasitic properties. The fingers are
sloped and positioned such that the palm is located
towards downward and when cables are pulled the
grippers get closed hence grasping is executed. When
the cables are released the fingers get back to open
position due to elastic properties of silicone material.

2.5 Gripping by dielectric elastomer

Dielectric elastomers are type transducers that
fundamentally convert electrical energy to mechanical
energy. Researchers in [5] developed a soft robotic
gripper using this technology. Dielectric elastomers
have capability to develop electro- adhesion force by
generating electrostatic energy which allow to grab
any deformable object creating a soft gripping
mechanism. This gripper only weighs 1.8g in weight
and has the capacity to lift an object 400 times of its
own weight. When an external voltage is applied
dielectric elastomer behaves as a yielding capacitor
resulting in expansion. Electroactive polymer is
proposed as a material in developing the gripper
because of its property to get deform under electric
impulse and for implementing flexible actuation
mechanism. Figure 7. Shows various objects lifted
through dielectric elastomer gripper.

Fig 7. Dielectric gripper lifting various sized objects

(5]

2.6 Bio Inspired Soft Gripper
As discussed in [7] authors developed three types of
actuation mechanisms from various bio-inspired
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design. Pneumatic actuation is used for developing
one fingered gripper, SMA i.e., Shape Memory Alloy
is used for two and three fingered gripper and
electromagnetic actuation is used for developing two
jaw grippers. The pneumatic actuated one fingered and
SMA actuated three and two fingered grippers are
human hand and scorpion pedipalps design
respectively. Moreover, electromagnetic actuation
gripper design is an inspiration of scorpion pedipalps.
Pneumatic gripper has pockets with an inlet to supply
compressed air. When the air is pumped the gripper
gets inflated and bend on one side by getting wrap on
an object for grasping. Figure 8. Shows SMA actuated
human three fingered inspired gripper. The base is
made of Acrylonitrile Butadiene Styrene (ABS)
material and the fingers are made of silicone material.
The scorpion inspired is two-way SMA actuated
gripper. Electromagnet actuated is fourth soft gripper
design. At the tips of finger electromagnets are placed
such that the poles of the magnets are faced opposite.
When an electric supply is made, the electromagnets
get attracted to each other and the fingers get close,
hence exhibiting gripping mechanism.
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»
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Fig 8. SMA actuated scorpion inspired gripper [8]

2.7 Gripper by Fluidic Elastomer Actuation (FEA)

In [8] paper researcher proposed gripping actuation by
low pressurized fluid. The basic structure of gripper
consists of elastomer with soft and flexible properties.
The structure is divided by a flexible constraint. When
low pressurized fluid is pumped into the gripper finger
stress is generated in the elastic material of the finger
and bending is executed developing gripping
mechanism. Figure 9 shows the Fluidic elastomer
actuator.
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Fig 9. Gripper actuated by Fluidic Elastomer [8]

2.8 Gripper for Underwater application

Researchers in paper [9], presented a gripper for
underwater applications. The gripper is trident shaped
three jaw gripper typically developed for underwater
environmental conditions. The consists of six motors
each connected with a worm gear arrangement to have
desired torque and speed ratio as output. Tactile
sensors are mounted on each gripper finger covered
under silicone layer for water resistance. Furthermore,
silicone act as soft touch skin for gripper and
increasing friction between object and gripper finger,
thus increasing stability.

Fig 10. Under water application gripper [9]
3.CONCLUSIONS

3.1 Gripping by complaint mechanism:

The proposed design is 3D printed complaint-based
mechanics gripper. The main advantage of this
mechanism is that it reduces complex structure
moreover it reduces space and weight, hence is much
compatible to use and much flexible to space
constrained area of application. The design can be
optimized by reducing dimensions. Reducing the
linkages between the outer layer of the gripper reduces
stress and increases strain hence, to grip small object
as per requirement the gripper jaws can be designed.
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3.2 Shape Memory Material Gripper:

Shape Memory Alloy (SMA) actuated gripper is
developed using Ni-Ti (Nitinol) Nickel-Titanium alloy
as a material. Applications of SMA can be widely used
as per requirements and accordingly different
structural designs can be developed.

3.3 Gripping by pneumatic, telescopic actuator:

The proposed design of pneumatically actuated
telescopic gripper is developed to grasp different
fragile and delicate objects. The structure is designed
in such a way that various size and shape of object can
be grasped easily by just sliding the jaws along the
linear rails. Moreover, the gripper is a combination of
rigid and soft structure thus telescopic structure can be
disposed after many uses.

3.4 Gripping by elastomer actuation:

The gripper is completely developed for soft
application purpose. The base and the fingers can be
changed suitable for various size object grabbing. The
gripper can be used in medical applications because of
its soft interaction with the surrounding.

3.5 Gripping by dielectric elastomers:

Dielectric elastomer property of converting electrical
energy to mechanical energy motivated the researcher
to develop a gripping mechanism based on DE. Due to
its lightweight structure and feature of lifting object
more than 400times of its own weight the gripper can
be paved to many other applications.

3.6 Bio Inspired soft robotic gripper:

For gripping various objects different bioinspired soft
grippers are studied and various mechanisms from bio
inspiration can be developed and applied accordingly.

3.7 Gripping by Fluidic Elastomer Actuation (FEA):
Developing different  structures for gripping
mechanisms, actuation through fluid can be imposed.
Moreover, the grasping power can adjust according to
fluid pressure applied.
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