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The trend towards collaborative robots is resulting in these "machine workers" working alongside humans in many work-
places. They can be used for a wide range of tasks and, most importantly, can rapidly switch between tasks. When it
is no longer necessary for them to work at one location, they can simply be transferred to support another production
process. With their universal gripper they can handle a wide range of tasks, however, custom accessories may need to
be produced in specific areas. One such accessory could be sleeves that are mounted on the grippers to extend the use
of the universal gripper. This paper aims to provide assistance on how to design these fingers.
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1. Introduction

Robotization is a common solution in industrial environ-
ments. Despite being very expensive, it offers a relatively
quick return on investment. In addition to the robot, the
cost of robotization includes other service and auxiliary
units such as effectors, feeders, fixtures and tooling. How
is a robot gripper chosen? [1] For example, on the ba-
sis of dexterity, how much it can grip and how much it
can open. Gripper fingers are applied less than small jaws
which are preferred because of their flexible elements.

One of the significant advantages of collaborative
robots, which are currently emerging in industry, is that
they can be used to conduct multiple tasks with the need
for minimal modifications. In the past, installed and en-
closed industrial robots were usually purchased as well
as prepared for a single purpose, typically to be oper-
ated in a production cell. Currently, collaborative robots
often perform a range of tasks in collaboration with hu-
mans [2], partly because if a robot is no longer needed at
one workstation, it can be used on another line at another
workstation. As a result, the amount of reassembly and
installation work that maintenance and line engineers are
required to do is minimal.

2. Gripper selection

It is recommended to choose a solution for the robot ef-
fector that is best suited to such a general manufacturing
environment. Although grippers are available in a variety
of sizes, it is also worth considering their cost. In gen-
eral, a more expensive gripper can handle multiple tasks,
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while a cheaper version may be less capable of adapting
to the task at hand.

The gripper is a mechanical interface between the
robot and its environment [3]. Without it, the robot can-
not perform its task, e.g. packing or assembling. The cited
article introduces various designs of grippers. The first
group of gripper fingers include several notches in the
gripping surfaces, which make it possible to grip work-
pieces of different shapes. This is usually only suitable
for workpieces of a similar size and weight. Even though
they are simple to make and low-cost, the number of
notches that can be cut is limited. Since the number of
notches required for all workpieces must be specified,
the design time may be longer. Programming the robot
can also be a lengthy process because the gripper must
be correctly oriented to the workpieces. Another method
is to change the fingers of the gripper so that differ-
ently shaped workpieces can be handled by changing the
gripper fingers. The fingers are stored on a rack and the
robot knows the exact position of each finger. A reliable
mechanical device to accurately clamp and unclamp the
fingers is essential in this case, moreover, their replace-
ment time should be minimized. Therefore, the gripper
and robot will be able to handle a wide range of work-
pieces and easily adapt to other applications. This method
is more flexible than the previous one, which is more
application-specific.

The third technique is to replace grippers. For this
purpose, complete tool changer grippers can be pur-
chased, which are expensive but precise and allow grip-
pers to be quickly replaced. They are used when a
gripper cannot handle the differences in size, geometry
and weight between workpieces. Therefore, several grip-
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pers are needed to cover a range of workpieces. The
robot must be provided with precise information about
each gripper and its position, which usually also re-
quires a power supply and sensors. In general, this grip-
per changeover can be used for different types of grip-
pers, e.g. mechanical, vacuum, magnetic, etc. As the
changeover time increases the downtime, it should be
kept to a minimum. Although modern tool changers are
equipped with a number of energy transfers (air and elec-
trical connections), they are expensive.

A fourth solution is to attach several grippers to the
robot simultaneously in a revolving or linear arrange-
ment. In the simplest case, two grippers are mounted for
loading/unloading operations, which significantly speeds
up the service time of the machine. The fifth option pre-
sented in this article are active and passive universal grip-
pers. Grippers that can adapt to the workpiece, e.g. in an
elastic manner, with a passive (non-actuated) degree of
freedom can be considered as passive universal grippers.
They are characterized by the fact that they do not pro-
vide a precise position of the workpiece in the coordi-
nate system of the robot. They are well-suited for sim-
ple pick-and-place tasks where a high degree of preci-
sion is not required. Active universal grippers mimic the
universal gripping ability of human hands. Even though
such experiments have been conducted in the past, nowa-
days, with the addition of 3D printing, some open source
projects include such active universal robotic hands. At
the time of writing that article, these robotic hands were
expensive and unreliable so inapplicable on an industrial
scale, which is still true today. Although they are con-
stantly being improved and better products are being de-
veloped, their real applications are in the service robotics
market rather than in industrial manufacturing despite re-
search being carried out in this field as well [4].

Zubair et al. have developed [5] an attachable core
gripper for a collaborative robot that can be operated
without the robot using its own power source, which is
an uncommon solution in the market. Detachable robotic
grippers not only work as a fully functional gripper when
attached to the robot but also once detached. In terms of
their physical design, 4 electromagnets are located on the
side which is attached to the robot, while on the other
side, 4 fingers grasp objects. The whole device is located
in a 3D-printed housing. The usability of their gripper
has also been tested by 12 participants. The development
solution is predominantly intended to be used in a non-
industrial environment.

Long et al. designed a multifunctional gripper for
grasping general objects [6] because many places, e.g.
warehouses, require simple pick-and-place tasks and the
level of automation is increasing due to rising costs of
manpower. Underactuated grippers consist of two fingers,
each of which has three degrees of freedom with a five-
bar mechanism actuated by two motors. Experience has
shown that the gripper, which combines two types, is ver-
satile and reliable for the purpose of manipulating a wide
range of objects.

In terms of workpieces, it is easiest to categorize the
many different products into families, thereby simplify-
ing and economizing the process required to select grip-
pers. According to a survey of 1,000 workpieces, the most
necessary requirements for a gripper are an inexpensive
rugged type of jaw with a stroke of 50 mm and a clamping
force of less than 100 N.

3. Promising attempts

Current conventional robotic grippers have a number
of drawbacks, namely their large volume, high weight
as well as energy consumption and significant cost. A
promising trend is the exploration of shape memory
alloy-actuated grippers. Shape memory alloys (SMAs)
can change their shape under stress [7]. The gripper pre-
sented in this research is powered by 9 100 mm-long
SMA wires with a diameter of 0.4 mm. The wires are tied
together sequentially so that their displacement is added
and the opening of the stroke gripper is long. Conven-
tional grippers have servo or stepper motors and pneu-
matic or hydraulic actuators, rendering the gripper heavy
and expensive as well as requiring a high power con-
sumption. In contrast, SMAs as actuators are character-
ized by their high energy density, low energy consump-
tion, quick response and repetitive actuation. Another
special feature of the gripper presented in this article is
that it has four parallel jaws on one finger. The outer two
are rigid, while the inner two are flexible. At the time of
writing, the gripper also has some defects, the most crit-
ical of which is that since the SMA wire is cooled natu-
rally, the time required for the finger to close is more than
5 seconds.

Horacio Leon et al. are developing a robotic hand that
consists of 5 fingers, with an extra thumb instead of a lit-
tle finger [8]. The thumb is important for two reasons,
namely for precision grip and power grip. The thumb is
particularly critical because it increases the functionality
of the hand by 60 %. In the article, the concept DFAM
(design for additive manufacturing) was used to develop
the object quickly and cheaply by building it layer by
layer using a variety of materials, that is, plastic, ceramic,
metal or even concrete and glass. The method is based
on reducing the amount of resources, print time, weight
and cost. It also brings about quality enhancement like
strength and functionality. A common practice is referred
to as “remixing,’- that is, a 3-dimensional design refers
to other designs that are used. Eight different versions of
remixing have been created, the first of which is the open
InMoov robotic hand, which consists of 36 parts and 17
degrees of freedom, namely its parameters are identicalto
those of the human hand. The first remix version, ‘“Par-
loma Hand,” has 22 degrees of freedom. The article also
gives an important account of the methodology, which
consists of three main parts: inspiration, ideation and im-
plementation. By its very nature, remixing is an iterative
process, which is also reflected in the methodology. Fi-
nally, a gripper was developed that has two thumbs, one
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on both the right and left side of the hand, with three fin-
gers in between them. The hand called “Kool” is com-
posed of 33 components and has 19 degrees of freedom,
moreover, its weight, cost and printing time has been re-
duced compared to the original hand. Since the thumb can
also grip more firmly, it is also more secure and, there-
fore, more functional.

Based on the aforementioned classification, the types
of grippers created in the context of soft robotics can be
considered as active universal grippers, which do not es-
sentially have rigid articulated links but can be described
by continuous kinematics. Developers expect these to be
more effective in everyday life because they better repli-
cate the structure of living beings, i.e. given that most of
them are made of soft materials rather than rigid ones,
they are more adaptable to changes in the environment.
Although some connect rigid members with hinges, other
studies have experimented with grippers made of a ma-
terial that is truly continuously soft. An example of this
is the printed soft gripper [9] presented in the article by
Slesarenko et al. Their method involved inserting wires
and inserts into a polymer gel in various ways to create a
more controllable as well as deformable shape and even
reduce the actuating force required. The basic principle
of a hollow polymeric fuselage thread was used and the
shape as well as internal design of the fuselage varied by
sectioning it, stiffening it in certain places and weaking
it in others. The resulting gripper is suitable for manip-
ulating small objects. The recommended strategy can be
applied to other types of soft actuators. Based on the pre-
sented gripper, it would be worthwhile to investigate how
these grippers can be combined with conventional ones.

Nowadays, the greatest need is for a gripping system
that can quickly adapt to the task. Robotic head exchange
systems are available that typically consist of two parts,
one to be placed on the robot and the other on the grip-
per, which can then be connected together. More than one
gripper can be used to adapt the robot to suit different
tasks. This system requires several grippers and the tool
changer must be purchased as well as integrated. Another
problem is the weight of the head exchanger, which is
grooved according to the payload of the robot. Typically,
this is undesirable for companies wishing to use collab-
orative robots for multiple tasks. A better solution might
be to attempt to use the gripper for each significantly dif-
ferent task by changing the finger itself. These fingers can
be precisely fitted to the gripper, moreover, are relatively
simple to manufacture and replace. Additive manufactur-
ing can be used to reduce production time and costs.

4. Methods to design fingers of the gripper

According to the design methodologies, the easiest so-
Iution would be to use a given template. By following a
series of well-established steps, a finger can be obtained
that is suitable for the current gripper and task. By fol-
lowing these steps, the design time is also significantly
reduced because it is unnecessary to intuitively guess a

solution, which can take an uncertain amount of time.
The easiest way to proceed is to create a spreadsheet or
flowchart in which the following questions can be an-
swered to achieve the required outcome:

1. What type of gripper is used?

2. What product is to be gripped?

3. How accurate is our robot?

4. What material are the gripper fingers composed of?

The proposed methodology shown in Fig. 1 builds on the
main elements outlined above with a more detailed de-
scription as follows. Firstly, which component (or fam-
ilies of components) are to be manipulated needs to be
determined. Its size, weight, geometry, surface quality
and material need to be taken into consideration. Further-
more, the robot gripper must be analyzed to determine the
type and size of its opening as well as how the gripper fin-
gers can be connected to it. The next step is to start the
design process, which requires knowledge of the man-
ufacturing technologies available in the factory, namely
the 3D printing machines themselves, their characteris-
tics and the type of materials used. The design process
should be carried out by bearing in mind the aspects dis-
cussed above with a focus on good printability. Finally,
based on the design, the 3D printing of the fingers re-
sults in physical parts. The solution to the problem is then
tested by mounting the gripper fingers on the robot.

Replicating the grip and timing of the fingers is
sought. For this purpose, the quickest and most efficient
manufacturing solution is 3D printing. Since numerous
excellent review articles on 3D printing have been pub-
lished, researchers are easily provided with an up-to-date
overview of the technology [10]. The article presents a
comparative analysis of the available technologies and
materials. As various additive manufacturing machines
are becoming available in more and more factories , it is
important to understand the manufacturing requirements
that need to be met in the design [11]. By taking into
consideration the most common FDM (Fused Deposition
Modeling) machines, it is recommended that the printed
finger has a flat surface which can be placed on the print
bed. By maintaining an angle of 45° when designing up-
wardly extending gripper fingers, the finger can extend
the gripper’s field of application by increasing its maxi-
mum opening width. It can also be adapted to suit more
precise gripping tasks by designing shaped fingers.

Universal grippers can also meet specific needs. Other
design considerations are:

1. The fingers should consist of one or more pieces;

2. The fingers should be composed of at least one ma-
terial and produced by at least one technology.

3. In 3D printing, composite materials, both continu-
ous and short fiber-reinforced, are also commonly
used [12].

The design should take into consideration both sides, one
of which is the surface of the workpiece. Between the two
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Figure 1: Methods of designing and manufacturing fingers

main components, a form that can be printed easily must
be fitted. The available 3D printing processes must be as-
sessed and the one that best suits the task selected. PLA
(Polylactide), ABS (Acrylonitrile butadiene styrene) and
nylon are the most common materials used by FDM ma-
chines.

5. Example design of a finger

Based on the aforementioned methodology, two exam-
ples are presented in Fig. 2. Firstly, in order to grip a
cylindrical workpiece, it is necessary to extend the open-
ing width. Besides, the finger has a prismatic shape,
which renders the gripping concentrical. In this case, the
limitation of this printing technology , namely the 45°
overhang, must be taken into consideration. In the sec-
ond image, a small PCB (printed circuit board) must be
moved by fingers, which include notches to guide their
orientation against the short gripping surface. In this fin-
ger design, the 45° overhang is not important because of
its small dimensions. The gripper is an RG2-type univer-
sal gripper with an electric motor. 3D printing can be used
to produce a rapid prototype for the purpose of experi-
ments, which is advantageous due to its rapid nature and
as the fingers can be produced very cheaply.

6. Summary and future work

Choosing a suitable gripper is important in terms of its
application and once selected, it must be implemented as
effectively as possible. The present paper aimed to pro-
vide guidance on how this can be achieved by extend-
ing its range of uses with custom-designed fingers. In the
future, it is expected that composite 3D printers will be-
come more widespread in the industrial environment, fur-

Figure 2: Cylindrically shaped workpiece and PCB-
gripping fingers
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ther expanding the application areas covered by 3D print-
ing. A similarly exciting topic would be the integration
of mobile robots into the manufacturing environment, for
which additive manufacturing could also be used.
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