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Robotic Integration of Pneumatic Grasping Systems for Deformable
Textile Handling: Automated Characterization Approach

Tristan Alkis', Ann Majewicz Fey?, and Roman Mykhailyshyn?

Abstract— The integration of automated systems for the
manipulation of deformable objects in manufacturing remains
a time-consuming process. This challenge arises primarily from
the absence of standardized grasping parameters applicable to
the full range of manufactured products and materials. This
paper presents a method for automating the study of the lifting
parameters of deformable objects using a robotic manipulator
with a pneumatic grasping system. A detailed description of the
design, implementation, and evaluation of a custom pneumatic
gripper integrated with a robot arm is provided. Through
experiments utilizing various gripping surfaces and materials,
the influence of surface patterns, material properties, and
pneumatic pressures on lifting performance was investigated.
The results demonstrate significant correlations between mate-
rial type, surface design, and supply pressure in the context
of gripping porous objects. The proposed method enables
rapid characterization of the interaction between materials
and pneumatic grasping systems. This approach facilitates the
integration of pneumatic gripping systems into fully automated
manufacturing lines handling deformable objects.

I. INTRODUCTION

The grasping, lifting, and manipulation of deformable
objects is an important part of both manufacturing and
other automated operations in everyday human life [1],
[2]. Textiles are the most used materials in everyday life
and manufacturing. However, automation of textile material
manipulation operations is very complex [3]-[8]. Although
specialized areas of robotics focus on manipulating and
grasping clothing using industrial robots [9]-[13], the prob-
lems with the speed of manipulation and the analysis of the
deformations that accompany it remain a difficult issue [14],
[15].

The grasping process is crucial to the issue of manipulating
textile objects and their stability. Therefore, the development
of gripping devices for deformable objects is a key direc-
tion for automating this process [16]-[21]. There are many
different types of gripping devices that can be used to grip
textiles. However, the most commonly used are mechanical
and pneumatic grippers. When mechanical grippers are used
with a small number of fingers [22]-[25], their control is
simplified, but this does not allow for the effective gripping
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Fig. 1: Diagram different stages of studying the gripping process to provide
the implementation of automated grasping [17], [18], [30], lifting [7], and
manipulation of deformable objects [8] in manufacturing.

of thin objects. With an increase in the number of fingers,
it is practically very difficult to achieve the accuracy of
movements that would provide the required result [26], [27].
At the same time, pneumatic grippers are most often used in
production due to the ease of control. When using pneumatic
grippers with textile (porous) objects, a significant loss in the
negative pressure created by the grippers is observed [17].
This leads to a loss of lifting force, which increases the
energy costs of the entire transportation process. Therefore,
many different types of combined (pneumatic with nee-
dle [23]) and unique designs (jet [18], electrostatic [22],
rotary [16], etc.) are used.

The development of new local jet gripping devices [17],
[18], provides the opportunity to quickly grasp textile
(porous) objects from a distance and at different orientations
(Fig. 1). These local jet gripping devices are essentially
modified Bernoulli gripping devices. There is a large amount
of research focused on optimizing the shape [28]-[30] and
manufacturing methods of these devices [31], which allows
to automate the process of grasping and manipulating not
only textile but also other deformable objects such as human
tissues [32].

An analysis of the latest methods for manipulating de-
formable objects [8] reveals opportunities to effectively
use even classic pneumatic devices for deformable objects
(Fig. 1). It is also known from previous studies [7] that the
greatest influence on the ability to grasp and manipulate de-
formable textile materials is their porosity. Textile materials
have different porosity, which leads to depressurization of the
gripper cavity and a decrease lifting force. These parameters
in combination have not been studied in previous works, and
to apply novel manipulation methods [8], it is necessary to
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know the parameters of the system (lifting force, coefficient
of friction, etc.). This increases the time it takes to integrate
such technologies in manufacturing. Therefore, this article
aims to study the interaction process of pneumatic gripping
devices with deformable objects and automate this process.
To achieve this, an automatic system and an experiment
algorithm were developed to determine the parameters of
pneumatic gripping devices, such as lifting force and negative
pressure in the gripper cavity. This paper demonstrates a
study investigating the influence of the shape and size of
the gripper grid on its parameters during interaction with
textile materials.

II. METHODOLOGY

The process of studying deformable objects is very com-
plex and depends on the goal and environment. When
using classical mechanical methods of grasping [10], there
are a large number of benchmarking [33]-[35] and tax-
onomies [36] to evaluate the interaction of a robot with a
deformable object. Usually, they are reduced to finding the
parameters of the object by stretching or compressing, and
the parameters of the tasks for the robot, like: dragging,
folding/unfolding, stacking/unstacking, spreading, and pick-
and-place deformable objects. However, these methods do
not obtain important system parameters from the point of
view of using pneumatic grippers. Therefore, this section
details the methods for determining the system parameters
during the interaction of a pneumatic gripping system and
deformable (porous) objects.

A. Setup

An experimental setup (Fig. 2) has been developed to
determine the characteristics of the interaction between pneu-
matic gripping devices and deformable objects. The setup is
based on an industrial robot SDA10F Yaskawa Dual Arm
(repeatability +0.1 mm) to which a gripper control box is
connected, and a pneumatic gripping device is connected to
the end effector via an adapter. All adapters, fasteners, and
elements of the gripping system are made by 3D printing
from PLA filament. To control the gripper, several elements
are used; the first is the air pressure control using a regulator
with a digital sensor attached to the table. The second part
of the compressed air supply control is the gripper control
box, which consists of an Arduino controller, a relay, and
a solenoid valve. After opening the valve, the compressed
air flows to the vacuum generator (ejector Yimaida Model
CV-15HS), which is attached to the end-effector adapter,
and creates a negative pressure in the tube connected to the
gripper chamber. Depending on the supply pressure and the
sealing integrity of the pneumatic gripper, a negative pressure
is created in the cavity and under the aerial gripper grid. To
determine the resulting negative pressure in the cavity of the
gripper, a pressure sensor -100 to 100 kPa (SMC ZSE20) is
used.

The studied material is fixed to the force sensor (Zemic
H3-C3-50kg-3B model load cell), which is attached to a
table (or other stationary surface). The analog signal from
the sensor is processed based on FB THOR Precision (Torbal
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Fig. 2: Experimental setup for determining the characteristics of the inter-
action between pneumatic gripping devices and deformable objects.
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Fig. 3: Study textile materials: (a) - satin; (b) — 600 denier.

(b)

(a)
Fig. 4: Studying active surfaces of aerial gripping device: (a) - with different
infill densities (triangular shape): 30%, 40%, and 50%; (b) - with different
surface shapes (30% infill): square, circle and star.

(b)

with an accuracy of +0.2%, 80 Hz), which is digitally trans-
mitted to the workstation. The position and orientation of the
object relative to the gripping device are localized using a
depth camera. The Intel RealSense Depth Camera D435i is
attached to the end-effector adapter to ensure the automated
study of the interaction between pneumatic gripping devices
and deformable objects. The Yaskawa arm was controlled
through ROS using Python scripting, with initial Movelt
configuration from the ROS-Industrial Motoman repository
on Github [37].

B. Variable Parameters

To demonstrate the influence of material parameters on
the study, two fabrics with opposite parameters were used:
satin and 600 denier Cordura outdoor canvas water-proof
fabric!, shown in Fig. 3a and Fig. 3b. As mentioned earlier,
the greatest influence on the ability to grasp and manipulate
deformable textile materials is porosity, so one of the most
porous materials, satin, and the least porous, 600 denier, was
chosen. The 600 denier is a coarse fabric on one side with
a waterproofing composite on the other. The testing of the
denier fabric was conducted on the side that is the coarse
fabric. The satin is smooth and porous, allowing air to pass
easily through.

In pneumatic aerial grippers (diameter 60 mm), one of
the most important components is the grid, which limits the
volume of air that can pass through and is the point of contact
with the gripping surface. Therefore, the first parameter that
plays a significant role when choosing a grid is its porosity
(filling during 3D printing). Three varied options were tested:
thirty percent infill, forty percent infill, and fifty percent infill
for each gripping surface (Fig. 4a). Another non-obvious

Available [Online]: https://romanmykhailyshyn.github.
io/portfolio/portfolio-1/



Fig. 5: Different orientations of gripper grids (square and triangle), left is O
deg, and the right is 45 deg. The direction of sliding of the textile relative
to the orientation of the gripper (grid) is indicated, respectively the gripper
moves from bottom to top.

Fig. 6: Identifying the fabric location in terms of x, y, and z distance from
the camera using the Hough Circle Transform.

parameter that is important when choosing a grid is the infill
shape for 3D printing. When interacting with rigid objects,
the grid infill shape will have almost no effect. Non-rigid
objects will deform inside the grid and create additional
friction forces [7]. Therefore, the second factor is the grid
infill shape, and the following four shapes were investigated:
square, triangle, circle, and star grid (Fig. 4b). To test the
hypothesis that when a textile material is deformed inside
the grid under the action of a suction force and the gripper
starts to slide along the textile, depending on the orientation
of the grid, an additional friction force may be created,
which may lead to an increase in the holding force of the
material. Therefore, this study investigated the effect of the
grid orientation in relation to the direction of movement of
the gripper (Fig. 5), 0 degrees left, 45 degrees right.

C. Testing Procedure

1) Coefficient of Friction Test: The coefficient of friction
tests were conducted with triangle and square surfaces, as
depicted in (Fig. 5). Tests were performed with ten repeti-
tions for each fabric, orientation, and infill percentage. The
tests were conducted by securing each fabric to a heavy,
flat glass surface using clamps (a detailed description of
the methodology is provided in [7]). The robotic arm was
oriented so that the gripping surface was facing upward
and parallel to the ground. The fabric, secured to the glass,
was then placed at its center of gravity on the gripping
surface. The robotic arm was slowly rotated, increasing the
slip angle until the fabric began to slip. At this angle, the
robot motors were shut off, and the angle 8 was recorded.
The movement was scaled to 0.001 of the maximum velocity
(m/s) and acceleration (m/s?). Having found the average
value of the angle of onset of slip 3, it is possible to
analytically determine the coefficient of friction using the
equation f = tan(p).

2) Pure Lifting Test: Based on the operating range of the
ejector, four different supply pressures were selected for the
test: 100 kPa, 200 kPa, 300 kPa, and 400 kPa. Ten tests
were conducted for each combination of surface, pressure,
and fabric. Force and pressure data were recorded throughout
testing.

The fabrics that were used for testing were attached to a
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Fig. 7: Control flow of the robot arm through visual feedback, and collecting
data from the end effector and force sensor.

round platform. The platform was identified through the use
of the Intel RealSense camera and the Hough Circle Trans-
from with OpenCYV, as shown in Fig. 6. To improve platform
identification while using the Hough Circle Transform, a
color image was converted to grayscale and a Gaussian
blur was implemented to smooth the edges. Parameters for
the Hough Circle Transform and the Gaussian blur were
optimized to find the best values for the depth and ranges of
the experimental setup [38].

After identifying the platform using the Hough Circle
Transform, the distance from the center of the gripping
surface to the center of the fabric could then be calculated.
To find the distance in the z-y plane, the center of the
fabric was identified in pixel coordinates, the robot arm
was then moved 4 mm in the z direction and 4 mm in
the y direction, and new pixel coordinates for the center of
the fabric were identified. The distance between the initial
and final coordinates in pixels was determined using (1),
and (2) was used to calculate the conversion from pixels to
millimeters. Using (3) the rotation between the robot axis and
the camera axis can be found and then aligned. The center
of the fabric can then be identified and the robot arm can be
moved the specified distance using (1) and (2).

D =/(Az)? + (Ay)?, (1)
Dmm
- , 2
Dpixels @
—tan-1 (BY
0 = tan (M), 3)

The depth reading from the camera to the fabric was then
calculated because the camera was centered over the fabric.
From this stage, the tool center point of the gripper was
moved to the center of the platform.

Full contact with the deformable object and stability of the
measurement results were ensured prior to recording force
data from the sensor. The active surface of the gripper is
pressed 1 mm in the direction of the object. After reaching
the required position, the gripping device is turned on by
supplying compressed air to the ejector. The robot arm stayed
there for a second and then moved vertically 5 mm. The
vertical movement was scaled to 0.001 mm/s of the robot’s
velocity and the minimum capable acceleration, to ensure
collecting clear and high-quality data. Figure 7 depicts the
control flow of the system, and Algorithm 1 outlines the
algorithm described above for automating the lifting test.

3) Ninety-Degree Lifting Test: Based on previous studies
of the force characteristics of pneumatic gripping devices [7],



Algorithm 1 Automated Process for Studying Lifting Force

Inputs: Configuration of the gripper to the study environment, infill percentage,

configuration of the gripper-camera interface.

Output: Data collection from the force torque sensor, pressure measured inside the

gripping chamber throughout testing.

Setup: The robot end effector is located so that the gripping surface is within the

camera’s field of view.

1: The camera attached to the end effector identifies the pixel coordinates of the

center of the fabric using the Hough Transform as x1 and ;.

2: Move robot end effector 5 mm in robot X direction and 5 mm in robot Y direction.
3: Identify the pixel coordinates for the center of the fabric using the Hough
Transform as z2 and ya.

. Solve (1) numerically for pixel distance traveled.

: Solve (2) numerically for the scale factor.

. Using equation (3), solve for the angle between the camera axes and the robot’s

axes.

. Using Hough Circle Transform and equations (1, 2) find the distance from the

center of the camera to the center of the fabric.

: The signs of the x and y distances from step 7 are flipped.

: The robot is commanded to move the distance calculated from step 8.

: Calculate the distance (z) from the camera to the center of the fabric.

: The robot arm is commanded to move the gripping surface to the center of the
fabric.

12: Force/torque data begins collection.

13: The script sends a signal to the Arduino, which then opens the solenoid valve.

14: The robot is commanded to lift the end effector 10 mm.

15: The Arduino closes the solenoid valve.

16: The robot is commanded to lower the end effector 10 mm.

17: Steps 13-16 are repeated nine more times.

18: The pressure within the gripping cavity is recorded throughout the testing.

oY 9 oub

Distance from the center of the camera to the center of the gripping surface is known.
Orientation of the camera with pneumatic gripping surface is consistent across tests.

[17], [30], it can be stated that grid parameters have an
impact on the gripper holding force, and this is especially
observed when lifting deformable objects at an angle [7].
During grasping/holding, the deformable object sinks into the
holes of the gripper grid, which increases the holding force
due to the increase in the friction force. We ask ourselves
the following question: Does the shape and orientation of
the grid elements affect the holding force? Since the star
and circle grid shapes are practically symmetrical, they were
excluded from ninety-degree lifting tests, and the focus
remained on the square and triangle shapes. For this testing,
two different input pressures were used (200, 300 kPa), and
ten repetitions were recorded for each fabric, orientation (as
shown in Fig. 5), pressure, and infill percentage.

The test procedure begins with the robot arm oriented so
that the plane of the gripping surface is perpendicular to
the ground. The fabric was attached to a thin 3D printed
structure to hold the fabric vertically. This structure was then
attached to the force sensor that was held in place on the
table by a clamp. Once the plane of the gripping surface
was parallel to the plane of the fabric, and centered, the
gripping surface was then pressed into the fabric. Next, a
signal is sent to the controller, activating the solenoid valve
to provide lifting force, and the robot arm is lifted by 10 mm.
Then, the solenoid valve deactivates, the air supply is turned
off, and the robot arm is retracted horizontally 10 mm. The
arm is then lowered 10 mm and moved back 10 mm into
the fabric. This process is repeated nine additional times.
Data from the force sensor, as well as the pressure within
the gripper cavity, were recorded throughout the experiment.

III. RESULTS

It takes a lot of time and investment to integrate and
evaluate the effectiveness of gripping technology and cer-
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TABLE I: Pure Lifting — Denier

100 kPa 200 kPa 300 kPa 400 kPa
% | Surface

F(N) |P (kPa)| F(N) [P (kPa)| F (N) |P (kPa)| F (N) |P (kPa)

Square | 020 | -16.6 | 0.42 -30.1 0.58 -41.1 1.04 | -449
(0.00) | (0.11) | (0.06) | (0.06) | (0.06) | (0.10) | (0.08) | (0.08)

Triangle| 040 | -152 | 0.60 | -26.6 | 0.80 | -31.1 0.82 | -33.7

30 (0.00) | (0.03) | (0.00) | (0.06) | (0.06) | (0.02) | (0.00) | (0.05)
Star 0.60 | -120 | 0.74 | -21.0 | 0.84 | -26.0 | 0.86 | -27.0
(0.13) | (0.00) | (0.10) | (0.00) | (0.08) | (0.00) | (0.10) | (0.00)

Circle | 0.60 | -12.6 1.00 | -21.3 1.05 |-29.50 | 1.10 | -30.0
(0.00) | (0.05) | (0.10) | (0.04) | (0.06) | (0.02) | (0.00) | (0.05)

Square | 0.60 | -18.6 | 0.82 -324 1.00 | -40.1 1.00 | -42.6
(0.00) | (0.05) | (0.06) | (0.05) | (0.00) | (0.02) | (0.00) | (0.11)

Triangle| 0.46 | -21.5 0.78 -37.5 096 | -48.6 | 096 | -49.2

40 (0.10) | (0.08) | (0.06) | (0.05) | (0.08) | (0.05) | (0.10) | (0.03)
Star 072 | -16.0 | 0.92 -30.0 | 096 | -37.0 1.04 | -38.0
(0.14) | (0.00) | (0.13) | (0.00) | (0.10) | (0.00) | (0.08) | (0.00)

Circle | 0.62 | -142 | 070 | -26.8 | 0.80 | -349 | 0.82 | -35.0
(0.11) | (0.04) | (0.06) | (0.05) | (0.06) | (0.03) | (0.00) | (0.02)

Square | 0.40 | -10.0 | 0.58 -17.0 | 0.60 | -20.1 0.60 | -20.9
(0.00) | (0.00) | (0.06) | (0.00) | (0.00) | (0.02) | (0.00) | (0.02)

Triangle| 0.60 | -21.9 | 0.80 | -39.0 1.00 | -50.0 1.00 | -51.0

50 (0.00) | (0.02) | (0.00) | (0.06) | (0.00) | (0.00) | (0.00) | (0.00)
Star 0.70 | -22.0 | 0.82 -38.0 1.10 | -49.0 1.12 | -50.0
(0.14) | (0.00) | (0.06) | (0.00) | (0.17) | (0.00) | (0.14) | (0.00)

Circle | 0.40 | -19.7 | 0.62 -324 | 080 | -374 1.02 | -39.0
(0.00) | (0.04) | (0.06) | (0.05) | (0.00) | (0.04) | (0.20) | (0.07)

All data is shown as mean (standard deviation). P is the pressure in the gripper cavity,
F' is the lifting force.

TABLE II: Pure Lifting — Satin

100 kPa 200 kPa 300 kPa 400 kPa
% | Surface
F (N) [P (kPa)| F(N) |P (kPa)| F (N) |P (kPa)| F (N) |P (kPa)
Square | 0.44 -3.0 0.52 -4.0 0.62 -4.0 0.64 -4.0
(0.08) | (0.00) | (0.10) | (0.00) | (0.08) | (0.00) | (0.06) | (0.00)

Triangle | 0.24 -2.0 0.42 -4.0 0.52 -4.0 0.54 -4.0
30 (0.09) | (0.00) | (0.11) | (0.00) | (0.13) | (0.00) | (0.14)
Star 0.42 -3.0 0.50 -4.0 0.50 -4.0 0.52 -4.0

(0.06) | (0.00) | (0.14) | (0.00) | (0.10) | (0.00) | (0.14) | (0.00)
Circle | 0.46 -3.0 0.62 -4.0 0.64 4.4 0.66 -5.0

(0.10) | (0.00) | (0.11) | (0.00) | (0.10) | (0.05) | (0.09) | (0.00)
Square | 0.42 -3.0 0.48 -4.0 0.64 -4.0 0.68 -4.0

(0.06) | (0.00) | (0.14) | (0.00) | (0.10) | (0.00) | (0.08) | (0.00)

Triangle | 0.44 -3.0 0.52 -4.0 0.52 -5.0 0.52 -5.0
40 (0.11) | (0.00) | (0.09) | (0.00) | (0.14) | (0.00) | (0.14)
Star 0.44 -3.0 0.46 -4.0 0.52 -4.0 0.66 -4.0

(0.08) | (0.00) | (0.97) | (0.00) | (0.10) | (0.00) | (0.14) | (0.00)
Circle | 0.46 -3.0 0.52 -4.0 0.52 -5.0 0.54 -5.0

(0.10) | (0.00) | (0.14) | (0.00) | (0.14) | (0.00) | (0.13) | (0.00)
Square | 0.34 -3.0 0.42 -4.0 0.44 -4.0 0.54 -4.0

(0.13) | (0.00) | (0.11) | (0.00) | (0.13) | (0.00) | (0.09) | (0.00)

Triangle| 028 | -3.0 | 040 | 40 | 052 | 50 | 066 | -50
50 (0.10) | (0.00) | (0.13) | (0.00) | (0.10) | (0.00) | (0.11)
Star | 046 | -3.0 | 048 | -40 | 066 | -40 | 066 | -4.0
(0.10) | (0.00) | (0.10) | (0.00) | (0.10) | (0.00) | (0.10)
Circle | 034 | 30 | 048 | -50 | 060 | -50 | 060 | -5.0
(0.13) | (0.00) | (0.13) | (0.00) | (0.10) | (0.00) | (0.13)

tain types of materials. Using the methodology proposed
above (Section II), it is possible to automate the process of
studying the interaction of pneumatic gripping devices with
deformable objects in manufacturing. Providing an initial
data analysis, we conducted a pure lifting test for two types
of deformable materials: denier (Tab. I) and satin (Tab. II).
Which is accompanied by changing the parameters: grid
filling (30, 40, 50%), grid shape (square, triangle, star, circle),
and supply pressure (100, 200, 300, 400 kPa). This allows
us to find the lifting force of the pneumatic gripper and the
negative pressure created in the gripper cavity.

After analyzing the data obtained (Tab. I, II) and their
visualization (Fig. 8), we can see a realistic picture of the
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(a)
Fig. 8: Comparison between lifting force and applied air pressure for: (a)
denier; (b) satin.

increase in lifting force with increasing supply pressure for
all combinations studied. This also applies to the decreased
pressure in the gripper cavity as the supply pressure in-
creases. Due to the presence of an impermeable coating
on one side of the denier, the pneumatic gripping device
creates a greater vacuum and provides a greater lifting force
compared to satin. These parameters confirm the adequacy
of the results obtained, with the standard deviation remaining
very low on average, although errors of up to 30% are
allowed for pneumatic systems. An important indicator is
that the lifting force changes significantly when changing the
type of grid and the percentage of filling. Since the mesh
is made by 3D printing, this causes significant deviations
in the indicators (porosity and, accordingly, lifting force)
due to the influx of filament into the gaps of the grid. It
is obvious that for both studied materials, the maximum
lifting force is achieved when the grid is filled to 50%,
and the maximum force is achieved when a star-type grid
is used. It is also very noticeable that for the experiment
with two materials, after reaching a supply pressure of 300
kPa, both the lifting force and the negative pressure in the
gripper cavity practically do not change. In particular, for
the denier, the lifting force increases on average by 10.8%,
and the pressure in the gripper cavity decreases on average
by 3.8% when comparing the data with supply pressures
of 300 and 400 kPa. For satin, the lifting force increases
on average by 8.4%, and the pressure in the gripper cavity
decreases on average by 1.2% when comparing the data with
supply pressures of 300 and 400 kPa. This trend shows that
due to the design properties of the ejector, the pneumatic
gripper cannot provide a decrease in the gripper chamber
pressure even with an increase in the ejector supply pressure.
This is caused by the porosity of the textile materials being
gripped, and since the ejector has limitations in mass air
flows, there is a limit to the negative pressure that such a
system can provide. As a result, this allows us to optimally
select the parameters of the gripping system for a specific
type of material.

Data for ninety-degree lifting force and friction coeffi-
cients were obtained for denier (Tab. III) and satin (Tab. IV).
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TABLE III: Ninety-Degree Lifting — Denier

200 kPa 300 kPa Friction

0 deg. 45 deg. 0 deg. 45 deg. 0 deg. |45 deg.

% | Surface

FMN)| P |[F(N)| P
(kPa) (kPa)

FN)[ P [FN)[ P
(kPa) (kPa)

B B

1.08
(0.18)
1.00
(0.00)

27.0 27.0
(0.00) (0.00)
-18.0 -18.0
(0.00) (0.00)

1.16
0.22)
0.88
0.11)

1.40
(0.00)
1.04
(0.09)

360 36.0
(0.00) (0.00)
21.0 21.0
(0.00) (0.00)

1.40
(0.00)
1.32
(0.18)

0.272
(0.002)
0.268
(0.009)

0.274
(0.011)
0.274
(0.009)

Square

30 Triangle

0.92
0.27)
1.16
(0.22)

26.0 26.0
(0.00) (0.00)
26.0 26.0
(0.00) (0.00)

0.88
(0.18)
1.16
(0.09)

1.28
©0.11)
1.48
(0.18)

33.0 330
(0.00) (0.00)
328 332
(0.16) (0.11)

1.16
(0.09)
1.52
(0.11)

0.259
(0.005)
0.255
(0.004)

0.264
(0.008)
0.258
(0.005)

Square

40 Triangle

0.60
(0.00)
1.16
(0.09)

13.0 -13.0
(0.00) (0.00)
26.0 28.0
(0.00) (0.00)

0.40
(0.00)
1.32
(0.11)

0.84
(0.09)
1.53
(0.10)

-16.0 -16.0
(0.00) (0.00)
-36.0 -36.0
(0.00) (0.00)

0.84
(0.09)
1.64
(0.22)

0.266
(0.008)
0.255
(0.008)

0.262
(0.008)
0.251
(0.001)

Square

50 Triangle

TABLE IV: Ninety-Degree Lifting — Satin

200 kPa 300 kPa Friction

0 deg. 45 deg. 0 deg. 45 deg. 0 deg. |45 deg.

% | Surface

FN)] P [FN[ P
(kPa) (kPa)

FIN)] P [FN)|] P
(kPa) (kPa)

u w

0.12

(0.10)
0.20

(0.00)

030 30
(0.00) (0.00)
3.0 3.0
(0.00) (0.00)

0.20

(0.00)
0.20

(0.00)

0.20
(0.00)
0.20
(0.00)

30 30
(0.00) (0.00)
3.0 3.0
(0.00) (0.00)

0.20

(0.00)
0.20

(0.00)

0.360
(0.023)
0313
(0.007)

0.360
(0.008)
0313
(0.009)

Square

30 Triangle

0.04

(0.09)
0.00

(0.00)

30 30
(0.00) (0.00)
3.0 3.0
(0.00) (0.00)

0.04
(0.09)
0.20
(0.00)

0.20
(0.00)
0.20
(0.00)

-3.0 -3.0
(0.00) (0.00)
-3.0 -3.0
(0.00) (0.00)

0.20

(0.00)
0.20

(0.00)

0.315
(0.007)
0.306
(0.007)

0315
(0.006)
0.302
(0.005)

Square

40 Triangle

0.20

(0.00)
0.20

(0.00)

20 20
(0.00) (0.00)
3.0 3.0
(0.00) (0.00)

0.20

(0.00)
0.20

(0.00)

0.20
(0.00)
0.20
(0.00)

30 30
(0.00) (0.00)
3.0 3.0
(0.00) (0.00)

0.20

(0.00)
0.20

(0.00)

0.338
(0.004)
0.296
(0.009)

0.296
(0.012)
0.277
(0.005)

Square

50 Triangle

This is accompanied by changing the parameters: grid filling
(30, 40, 50%), grid shape (square, triangle), grid orientation
(0 deg., 45 deg.), and supply pressure (200, 300 kPa).
Comparing the pure and ninety-degree lifting experiments
for denier, there is an average decrease in negative pressure
in the gripper chamber of 23.8% and an average increase
in the lifting force of 64.1% for a supply pressure of 300
kPa. The change in negative pressure in the gripper chamber
negatively affects the lifting force, but due to the additional
friction force there is an increase in the holding force.
Comparing the pure and ninety-degree lifting experiments
for satin, an average decrease in negative pressure in the
gripper chamber of 30% and an average decrease in lifting
force of 62.6% was observed for a supply pressure of 300
kPa. This negative effect is due to the low mass flow of the
ejector, which does not allow the maintenance of negative
pressure in the gripper cavity, reducing the real friction
force attributed to the low contact with the material. The
results obtained indicate the effectiveness of using the aerial
pneumatic gripper for denier material and the ineffectiveness
of using it for satin. Therefore, for more porous materials,
it is worth using pneumatic gripping devices with a higher
mass flow rate, for example, a textile gripper based on the
Bernoulli or Coanda effects.

IV. CONCLUSION

The use and integration of pneumatic grippers in manu-
facturing is becoming increasingly widespread due to their
efficiency, adaptability to various objects, and ease of control



compared to other types of grippers. This paper presented
a method for automating the study of force characteris-
tics essential to designing and integrating automated lines
that interact with deformable objects. Using the proposed
methodology, the interaction between an aerial pneumatic
gripper and two deformable textile materials was investi-
gated. The results revealed that effective gripping parameters
were identified for manipulating the denier material, whereas
the gripper configuration proved to be ineffective for satin.
It was also observed that, for the studied materials and
across all supply pressures, a gripping surface with a higher
percentage of infill pattern gets better performance. The
proposed method enables the creation of a dataset for all
materials used in production, facilitating the identification of
optimal pneumatic gripper parameters.
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