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DESIGN AND FABRICATION OF A SOFT ROBOTIC

GRIPPERFOR OBJECT PICKING

THIET KE VA CHE TAO TAY KEP MEM ROBOT DUNG CHO GAP VAT

ABSTRACT

In this paper, author proposed a model of a soft robotic gripper made of
elastic rubber material that can pick up a variety of objects. The gripper consists
of three soft fingers evenly spaced on the truncated conical surface. The finger is
made by molding method and design of the finger is inherited from "Pneunets
bending actuator" of soft robotics toolkit. This paper shows soft finger model size
parameters, finite element simulation is performed to validate finger design.
Also, the soft finger fabrication process is introduced together with the driving
circuit and control circuit to perform the soft gripper opening - closing operation.
Experiments are carried out to assess the finger's elasticity at different pressures
and pressures required for handling objects of different sizes and materials. The
experiment is shown that the soft gripper design could be remarkable applied to
pick and place robot for soft object.
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TOM TAT

Trong bai bao nay, tac gia dé xudt mot md hinh tay kep ro bot mém dugc
lam bang vat liéu cao su dan héi co thé gdp dugc d6 vat khac nhau. Tay kep bao
gom ba ngon mém ddt déu nhau trén bé mat hinh nén cut, ngén dugc lam bang
phuong phép dtc va thiét ké cta ngon dugc thira hudng tir "Pneunets bending
actuator" ctia b cong cu robot mém. Bai bao dua ra cac thong sé kich thuéc mo
hinh ngén tay mém, md phdng phan td hitu han dugc thuc hién dé xac nhan
thiét ké ngon tay. Ngoai ra, quy trinh ché tao ngon tay mém dugc gidi thiéu cling
v6i mach dan dong va mach diéu khién dé thuc hién thao tac dong - mé kep gdp
mém. Cac thi nghiém dugc thuc hién dé danh gia do dan hoi cia ngon tay 6 cic
ap sudt va luc kep khac nhau can thiét d€ xtt Iy cac vat ¢6 kich thudc va vét liéu
khac nhau. Thi nghiém chi ra rédng, thiét ké tay kep mém c6 thé (ing dung t6t cho
robot gap vat dang mém.

Tirkhoa: Robot mém, gdp vit, xit Iy dnh, tay kep.
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1.INTRODUCTION

In the increasingly developed society, the food industry
plays an important role in life. Each large-scale production
plants which can market millions of consumer goods each
year in a variety of sizes and volumes. Currently, the
packaging of products manufacture line is still handled by
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humans due to the possibility of product distortion or
damage. In order to minimize costs, an automated
packaging system is required. The most commonly used
automatic packaging system today is a rigid gripper and
vacuum sensor. However, hard gripper can damage food
ingredients and the suction cup requires a flat surface.
Recently, soft robotic grippers can be categorized into
three groups based on grasping principle [1]. To lift the
object, the gripper is used base on soft pneumatic
actuators [2, 3] the MR fluid gripper [4], and the jamming
gripper [5] or even to pick up thin object the soft gripper is
used suction [6, 7], the electrostatic gripper [8], and
grippers based on gecko adhesion [9, 10]

In this study, author proposed the design and
fabrication with a soft gripper based on the referenced
research and design toolkit [11-15]. The gripper design is
introduced in Section 2, and simulations with control are
shown in Section 3. Experimental validations are presented
in Section 4. Section 5 presents our conclusions. The
experimentally pick up some soft objects for evaluation
and shows the good result which could be applied in real
time application.

2. DESIGN

The finger design and fabrication are based on Pneunet
and soft robotics toolkit. However, for simplicity in
fabrication, we have removed the "stress-limiting layer" in
Pneunet's finger (a rectangular paper placed inside the
finger). As shown in the Figure 1, the finger is the same size
as the Asian man, consisting of 12 gas chambers, the
distance between two consecutive chambers is 1.5mm and
the largest chamber has a thickness of 3mm, which makes
the end of the finger to be harder to mimic the function of
human nails. The 1.2mm high air path is designed to pass
through all compartments allowing air to pass through all
chambers. A 4mm diameter hole at the top allows for the
mounting of air ducts from the outside to the fingers. Wavy
structure is designed at the surface under the finger to
increase friction when in contact with the object and easier
to hold.

In order to connect the fingers together and form a
complete gripper, author designed the connector and base
for the soft hand. Figure 2a and Figure 2b show the lower
and upper halves of the terminals. During assembly, the
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finger is inserted into the lower half of the connector, then
thread the air tube through the upper and lower half of the
connector respectively, finally fixing the connector to the
finger with a bolt and nut. The height of the compartment
created by the two halves of the connector is designed to
be Tmm shorter than the height of the finger, so the finger
will be fixed after assembling the connector. In Figure 2c,
author design a clamp base for the soft gripper with three
hole connectors that are evenly spaced conical. The quick
locking mechanism between the two shaft couplings
(lower half of the connector) and the hole (clamp base) - s
makes fitting the connector with the clamp base more Khuénten | Khménduti | Kbuéndwsi | Khéatta
convenient. The complete assembly model in Figure 2d tinngontay | thanngontay | démgontay | Géngéntay
with 3 soft fingers, we choose 3 fingers because this is the
minimum number of fingers to stabilize an object, the
stability increases if author add the number of soft fingers
in gripper. Materials used for fabrication are ABS plastic and
FDM 3D printing technology because it ensures fabrication
accuracy and detailed durability.
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Figure 1. Design of the soft finger
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Figure 2. a) Bottom connector, b) base, c) upper connector d) 3D gripper b)
model Figure 5. Soft grippers after fabricating and assembling
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The soft finger is fabricated by traditional casting
method with Dragon Skill 10 silicon fabrication material
(Smooth-on Inc., PA, USA). This material is used extensively
to make masks and as molds for the manufacture of
defective parts that need to be replaced. The mold as
shown in Figure 5b is printed by using the Anycubic Mega
S 3D printer. The tools and materials required for the
molding process are shown in Figure 6.

Figure 6. Finger fabrication process

Final soft gripper product after fabricating and
assembling is shown in Figure 5. Figure 6 describes the soft
finger fabrication process. The number of fingers is three
because this is the minimum number for stable handling
and increased grip stability with increased number of
fingers. To make soft fingers, mix the silicon solution well
and de-foam the first time for 2 minutes in a vacuum
chamber at a pressure of about 85kPa.

After defoaming, pour the silicon mixture into the lower
mold of the body and the finger base. After filling the two
molds with silicone solution, degassing a second time.
Next, fit the top and bottom molds of the body and finger
base together and fix them with bolts. After the silicone has
solidified, carefully demoulding and obtaining two
separate finger parts. To stick these two parts together,
place the body on top of the finger base and use the same
silicone solution to bond them.

3. SIMULATION AND CONTROL
3.1. Simulation

The finite element method is a relatively accurate
method for testing the deformation ability of an object in
the mechanical system, commonly used to model and
simulate soft robots. In this article, author used the
software Abaqus 2017 (SIMULIA, Dassault System, MA) to
simulate soft fingers. Dragon Skin 10 material (DS10,
Smooth-on Inc.,, PA) is used for the soft finger pattern.
According to the article [1], DS10 can be characterized as a
hyper-elastic rubber using the Yeoh model and has
coefficients such as: C,, = 3.6x10°MPa, C,, = 2.58x10*MPa,
Cy = -5.6x107MPa. PTHH model is meshed according to
tetrahedron element (C3H10) and approximate mesh size is
2.5mm. Weight is also included in the simulation and the
density of the material is 1070kg/m>. Pressure loads are
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applied to all of the soft finger inner cavities and surface
interactions are also generated between adjacent surfaces.
Standard simulations were applied and used nonlinear
stress-strain curves to account for large bending strains.

Figure 7. The soft finger shrinks at a pressure of 10kPa
17 kPa
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Figure 8. Soft fingers stretch at pressures of 5kPa, 10kPa, and 17kPa

Figure 8 depicts the finger shape at different applied
pressures. Finger tension simulations show a gradual
increase in curvature from top to bottom. At a pressure of
17 kPa, the resulting tension angle a is 72.1 degrees.

When a negative pressure is applied, the finger will
shrink and bend in the opposite direction. Simulating
contraction of the soft finger, the results converge at a
pressure of -10kPa (Figure 7), where the finger cavities are
completely closed. The inversion angle (3 in Figure 7) is
obtained by 15.6 degrees, which is calculated by pixel
coordinates in Paint.

3.2. Control

A mini 8HP air compressor is used for finger air supply.
Because fingers only need less than 100kPa of air pressure,
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most compressors will do. The system uses two 2/2
solenoid valves controlled by two relays that receive signals
from arduino. The control interface is designed by
Windows Form quite simply to serve the functions of
grabbing, releasing and resting.

supply Magnet Control
Power 24V van
[v]
[=]
2
s
. Relay
P Arduino
c Code Signal Channel
Power

Figure 9. Control diagram

Two solenoid valves use a 24V source and are
connected to systems such as Figure 9. After installation we
have a real model and the control interface as shown in
Figure 10 and 11.

Kep Mo

Figure 11. Console control interface

Valve status in each mode of soft gripper is shown in
Table 1.

Table 1. Status of valves at different modes

Mode Valve 1 Valve 2
Pick ON OFF
Drop OFF ON
Rest OFF OFF
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4. EXPERIMENT RESULTS

The design robot arm and real model is described in
Figure 12. Experimental process assessing the force when
handling and lifting objects with different volumes and
weights as shown in Figure 13. Initially the gripper will
open wide and lower down to the place where the object
is, then the gripper will lift the object from the surface of
10cm. The calibrated with difference objects size as shown
in Table 2.

Table 2. Results of grabbing difference objects size

Object Pressure[kPa] Mass[g] Size(LxWxH)[mm]
Bread 20 90 55x55x%65

Egg 20 36 55x44x23
Orange 20 100 60x60x40

Figure 12. Design model and real model

v

Figure 13. Experimental pick-up

Vol.57 - No. 2 (Apr 2021) e Journal of SCIENCE & TECHNOLOGY | 81



CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

The experiment shows that the clamp can lift objects
with the size of about 100g with the size of 70x70x70mm.
With objects with a high friction surface, the ability to grasp
will be higher, with objects with smooth surfaces like
tomatoes, the clamps are difficult to lift accurately.

5. CONCLUSION

The soft gripper crafted can only lift light objects, not
yet able to lift fruits with a smooth surface and high
density. To improve the ability of soft grippers, it is possible
to design the finger tips more undulating to create more
friction. Grasping tests also showed that the gripper can
adapt to different target shapes and sizes by adjusting the
initial opening and finger configurations. The gripper
successfully lifted a small, ellipsoidal egg (L55mm X
W55mm x H65mm), circular orange (L60mm x W60mm x
H60mm) in the perpendicular configuration. At the same
time the finger can be well crafted to withstand high air
pressure and handle even more heavy objects as weight as
1kg. The proposed design of soft gripper show that it can
facilitate automation process in food manufacturing
process.
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