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Abstract

The primary objective of this study was to design the grabbing technique used
to determine the vacuum suction gripper and its design parameters for the
pocket welting operation in apparel manufacturing. It presents the application
of vacuum suction in grabbing technology, a technique that has revolutionized
the handling and manipulation to grasp the various fabric materials in a range
of garment industries. Vacuum suction, being non-intrusive and non-invasive,
offers several advantages compared to traditional grabbing methods. It is par-
ticularly useful in scenarios where soft woven fabric and air-impermeable fab-
ric items need to be handled with utmost care. The paper delves into the work-
ing principles of vacuum suction, its various components, and the underlying
physics involved. Furthermore, it explores the various applications of vacuum
suction in the garment industry in the automation exploration. The paper also
highlights the challenges and limitations of vacuum suction technology and
suggests potential areas for further research and development.
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1. Introduction

Through the intelligent manufacturing evolution, the handling in garment
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manufacturing to grasp the fabric into the machinery is involved in the manual
load and unload operation to the machinery. This means that operators should
work with machinery for garment sewing operations. The gripper and visual sys-
tem are the focus aspects of applying automation technologies instead of manual
work.

It is the designer’s responsibility to select the appropriate fabrics for their in-
tended applications, based on the properties and characteristics of the fabrics. It
is the responsibility of the fabric producer to provide as much information as pos-
sible to help the designers make appropriate fabric selections. The information
includes physical properties, style characteristics, tactile characteristics, utility
characteristics, durability, and so on [1].

Utility characteristics in fabric are changes in the fit, comfort, and wearing
functions of the garment when the fabric engages a mechanical thermal, electrical,
or chemical force during the utilization of the garment. The two major types of
utility characteristics are transmission and transformation. A trans-mission char-
acteristic transmits mass or energy through the fabric. Transmission characteris-
tics include:

e Air permeability (including all gases and vapor)
e Heat transmission (thermal conductivity)

e Light permeability

e Moisture transmission

Manufacturing fabrics are related to fibers which are first spun together to make
a yarn, which is then made into fabrics by being woven type and knit type.

Woven fabrics are created on a loom; warp threads are held under tension and
the weft thread is woven between them, creating the patterns and design in the
weave. There are different weaves available:

e Plain—strong and hard wearing, e.g., calico and drill cotton, used for fashion
and furnishing fabrics.

o Twill—strong and drapes well with a diagonal pattern on the surface, used for
jeans, curtains, and jackets.

e Satin—fabric can be woven to give the surface a “right” side with a shine, cre-
ated by long floats on the warp or weft threads, and a “wrong” side that is matt.

e Pile—woven in two parts together that face each other and sliced apart down
the center once off the loom to create the pile. Some fabrics that are used for
sporting garments contain elastomeric fiber.

Non-woven fabrics turn the fibers into fabrics without first spinning them but,
instead, by felting or bonding them [2]. The fabric handling operations in the
clothing industry can be divided into the following grabbing operations for: sep-
aration, grasping, picking, placing, and positioning. In the picking and placing
process, the handling way which meets the expectations of complex movements
comparable to those of the manual handled by hand, would be necessary, but cur-
rently, the existing systems are complex and generate little or no productivity im-

provement. On the other hand, the gripper for fabrics from holder to the automated
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machinery is required to grasp the soft fabric.

According to the universal gripper for fabrics—design, validation and integra-
tion from Yousef Ebraheem, Emilie Drean and Dominique Charles Adolphe of
International Journal of Clothing Science and Technology in 2021, the vacuum
technology offers a high reliability to handle air impermeable materials. The in-
trusion technology is reliable for the manipulation of high porosity materials,
while the pinch technology shows good results for all soft fabrics when combined
with the vacuum technology.

Compared to the various fabric, the knitted fabric consists of one yarn, woven
fabric by multiple yarns in crisscross patterns. Woven fabric does not stretch
across the width, but along the length. Knitted fabrics stretch easily across the
width and slightly lengthwise. Woven fabrics structure is the most appropriate to
apply the vacuum suction grabbing technology for automation.

The woven fabric can distinguish the major types between air permeable fabric
type and non-permeable fabric type. The non-air permeable fabric is focused on
the vacuum suction grabbing technology and vacuum suction gripper.

In [2], the automation machinery should correct the lifting of cut fabric from
the adjoining fabric layer and take the fabric off. The picking must be firm but
without any risk of damage to the fabric; separation must overcome the adhesive
force between adjoining layers; taking-off requires lifting the separated fabric
piece and holding it separately. These actions must be followed by transfer of the
cut fabric to a precisely defined position, with cross-positioning of the pieces to
be joined and safe release of the cut piece without affecting the shape of the cut
fabric pieces. Mechanical clamping grip-pers can lift the fabric piece, but there is
not place the fabric piece in the required location at the high precision.

Followed the study of Universal gripper for fabrics—design, validation and in-
tegration from Yousef Ebraheem as shown in the [3], the mechanical needle grip-
per has damaged on non-porous materials to make fabric tearing and deformation
and the Risk to pick several layers at one time. It is difficult to apply the mechan-
ical clamping gripper or needle gripper to take off the fabric piece and place it to
the high precision location for automation.

This article is mainly focused on vacuum suction grabbing technology to apply
a various number of vacuum suction grippers and various negative pressure sup-
plies to the grippers for building the methodology of how to find out the appro-
priate range of negative pressure to grasp the only one fabric piece from fabric

bundle for automation.

2. Literature Review

In the literature (Yuqi Liu, 2023) [3], the mechanical soft gripper achieves a suc-
cessful pickup in good condition, but a release fails to place fabric to the required
area in the specific precision for the automated machine.

In the literature (Yousef Ebraheem, 2021) [3], the automatic handling of flexible

materials has been the subject of much research over the last 20 years, with the
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most applications being in the textile industry. Several gripping devices have been
developed to grasp a single layer of fabric from a pile of fabric and transfer it to a
predefined location.

The pneumatic principle uses vacuum or differential pressure as operating
principle and is therefore non-intrusive. Vacuum end effectors only require single
surface access to the fabric piece for successful gripping. Most vacuum lifting prin-
ciples use a compressed air powered vacuum generator. This is because most fluid
power or pneumatic manufacturers and distributors offer this technology instead
of a motor-powered vacuum pump as they are small and cheap. The pneumatic
grippers are specifically designed for the manipulation of textiles and fabric.

A good review of developing solutions to grab the fabric piece. This study makes
the practical experiments and analysis to determine the vacuum suction gripper
how to grasp the air impermeable fabric pieces up and placing the required area

at the high precision for automation.

3. Design Analysis of Vacuum Suction Gripper

The principle of vacuum suction is based on the creation and utilization of a pres-
sure difference between two regions. This pressure difference is achieved by evac-
uating air from one region, creating a vacuum or partial vacuum, while the other
region remains at ambient pressure or a higher pressure. The resulting pressure
gradient generates a force that attracts and holds fabrics firmly against the suction
surface.

In vacuum suction grabbing technology, a suction cup is used as the interface
between the fabric, air impermeable fabric and the vacuum source. When the suc-
tion cup is pressed against the fabric, it excludes the air between the cup and the
fabric surface. By evacuating the air through a vacuum pump or other means, a
negative pressure (vacuum) is created within the suction cup. This negative pres-
sure exceeds the atmospheric pressure outside the cup, creating a suction force
that pulls the fabric securely against the suction cup.

The amount of suction force depends on the size of the suction cup, the differ-
ence in pressure between the inside and outside of the cup, and the size of holes
of cup and the contract fabric area. The suction force must be sufficient to over-
come any external forces acting on the fabric, such as gravity or friction, to enable
effective fabric handling and manipulation.

Vacuum suction technology is widely used in various applications due to its
simplicity, reliability, and adaptability to different types of air impermeable fabric
surfaces. It is commonly found in automation systems, pick-and-place mecha-
nisms, robotic grippers and other industrial equipment where precise and gentle
handling of fabric cut pieces is crucial for the Apparel Manufacturing.

In grabbing technology, the formula of a vacuum suction cup usually involves
several key parameters that determine the performance and efficiency of the suc-
tion cup. The following is a basic vacuum suction cup formula for calculating the

vacuum pressure required to generate enough suction power to grip an object:
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F=PxA (1)

Thereinto:

* Fis the suction force, and the unit is Newton (N).

* Pis the vacuum pressure, and the unit is Pascal (Pa).

* A is the area of the suction cup, and the unit is square meters (m?).

This formula shows that the suction power (F) is the product of the vacuum
pressure (P) and the area of the suction cup (A). Therefore, to increase the suction
power, it can be achieved by increasing the vacuum pressure or increasing the
suction cup area.

In practical applications, other factors need to be considered, such as the rough-
ness of the surface of the object, air tightness, temperature, etc. These factors can
affect the performance of the suction cups and therefore need to be carefully con-
sidered when designing a handling system.

In addition, in order to generate a vacuum, a vacuum pump is usually required.
The choice of vacuum pump depends on factors such as the required vacuum, the
flow rate, and the operating environment.

Overall, the formula for vacuum cups provides a basic framework for calculat-
ing the vacuum pressure required to generate enough suction power to grip an
object. However, in practice, there are a variety of other factors that need to be
considered to ensure the performance and reliability of the handling system.

In the Load case of Suction cup horizontal, direction of vertical force analysis,
the fabric piece (in this case the fabric piece for the pocket facing 2.0 g and pocket
bag 2.5 g is lifted from a plate as shown the weight of pocket facing and the weight
of pocket bag. The fabric piece is lifted with an acceleration of 5 m/s? (no trans-

verse movement).

FTH =mx(g+a)xS$ (2)

where, FTH = theoretical holding force [N], m = Weight [kg], g = Gravity [9.81
m/s?], a= Acceleration [m/s?], S = Safety factor

The vacuum generated by the vacuum generator can be adjusted by changing
the compressed air pressure or flow rate, so it can supply the whole negative suc-
tion pressure required for different applications. In addition, the vacuum genera-
tor has the advantages of compact structure, easy installation, and maintenance,
and can be widely used in various mechanical and automation equipment.

It should be noted that the vacuum generated by the vacuum generator is lim-
ited by the compressed air pressure and flow rate, so the maximum vacuum value
cannot be unlimitedly high. Our engineer and I have selected the vacuum gener-
ator which selects the appropriate model according to the actual needs of the ap-
plication and adjusts the compressed air pressure and flow rate according to the
requirements to achieve the best vacuum effect.

For the vacuum grabbing technology, the air flow rate and pressure are required
to calculate the vacuum grabbing force for grabbing the pocket bag, pocket facing,
front and back of air impermeable fabric. The weight of the pocket bag, pocket
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facing, front and back are required to measure the weight of those fabric pieces.
Based on the weight of those fabric pieces, the uplift grabbing theoretical holding
force can be found by the vertical load in the formula [1].

In the vacuum suction grabbing force, the vacuum generator can supply the
adequate negative air pressure to the suction gripper. If the negative air pressure
to the suction gripper is greater than the required force, the vacuum gripper grasps
more than one fabric piece of air non-permeable fabric piece. In another word, if
the negative air pressure to the suction gripper is less than the required force, the
vacuum gripper grasps nothing air non-permeable fabric piece.

The supply of negative air pressure value is required to be found out to grasp
the fabric pieces. The Bernoulli equation can be applied to find out the supply
vacuum suction pressure and force to satisfy the required loading force within the
grabbing criteria.

Bernoulli equation is the conservation of energy principle appropriate for flow-
ing fluids. The qualitative behavior that is usually labeled with the term “Bernoulli
effect” is the lowering of fluid pressure in regions where the flow velocity is in-
creased. This lowering of pressure in a constriction of a flow path may seem coun-
terintuitive but seems less so when we consider pressure to be energy density. In
the high velocity flow through the constriction, kinetic energy must increase at
the expense of pressure energy.

While the Bernoulli equation is stated in terms of universally valid ideas like
conservation of energy and the ideas of pressure, kinetic energy and potential en-
ergy, its application in the above form is limited to cases of steady flow. For flow
through a tube, such flow can be visualized as laminar flow, which is still an ide-
alization, but if the flow is to a good ap-proximation laminar, then the kinetic
energy of flow at any point of the compressed air can be modeled and calculated.
The kinetic energy per unit volume term in the equation is the one which requires
strict constraints for the Bernoulli equation to apply—it basically is the assump-
tion that all the kinetic energy of the compressed air is contributing directly to the
forward flow process of the compressed air. That should make it evident that the
existence of turbulence or any chaotic compressed air motion would involve some
kinetic energy which does not contribute to the advancement of the compressed
air through the tube.

Applied the Bernoulli equation, the supply of negative pressure value can be
found out to the appropriate negative pressure to vacuum suction gripper. It can
grasp the woven fabric pieces successfully.

The supply of negative air pressure value is required to be found out to grasp
the fabric pieces. The Bernoulli equation can be applied to find out the supply
vacuum suction pressure and force to satisfy the required loading force within the
grabbing criteria.

Bernoulli equation is the conservation of energy principle appropriate for flow-
ing fluids. The qualitative behavior that is usually labeled with the term “Bernoulli

effect” is the lowering of fluid pressure in regions where the flow velocity is
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increased. This lowering of pressure in a constriction of a flow path may seem
counterintuitive but seems less so when we consider pressure to be energy density.
In the high velocity flow through the constriction, kinetic energy must increase at

the expense of pressure energy.

4. Design of Experiment for Vacuum Suction Gripper

Following the above theory, the design of experiment for vacuum suction gripper
is designed to make it happen to make analysis of the number of grippers required
and ap-propriate negative pressure for automation. Once the best solutions for
grabbing the fabric pieces can be found by this study, the automated pick and
place fabric piece can be applied to sewing machines, pocket welting machines,

template sewing machines for garment manufacturing automation.

4.1. Suction Cup Vertical, Direction of Vertical Force

Description of load case: The fabric piece (in this case the fabric sheet with the
dimensions 2.5 x 1.25 m) is picked up from a holder and moved with a rotary

motion at an acceleration of 5 m/s%
FTH :(m/,u)x(nga)xS (3)

FTH = theoretical holding force [N], m = Weight [kg], g= Gravity [9.81 m/s?],
a= Acceleration [m/s?] of the fabric to pick up and move it, y= Friction coefficient,
S = Safety

To generate vacuum suction for grabbing technology, a vacuum generator or
vacuum pump is typically used. This equipment creates negative pressure or vac-
uum by either extracting air from a sealed volume or reducing the pressure within
a chamber. Here’s a general outline of the steps involved in generating vacuum

suction for grabbing technology:

4.1.1. Selection of Vacuum Pump or Generator
Choose a vacuum pump or generator based on the required vacuum level, flow
rate, and the size of the fabric to be grasped. There are various types of vacuum
pumps available, including mechanical pumps, liquid ring pumps, and vacuum
generators that use compressed air in Figure 1.
Name: Vacuum Generator
Band: Northmind
Model:CV-15HS
Parameter:
e Temp Range: 0-60°C
e Pressure Range: 1 - 6 bar
e Nozzle Diameter: ¢ 1.5 mm
e Setup Pressure: 5 bar
e Flow Rate: 63 L/min
e Negative Pressure: —92 kPa

e Air Consumption: 100 L/min
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Figure 1. The photo of vacuum generator.

4.1.2. Design of the Vacuum Cup
The vacuum cup, also known as a suction cup, is the component that creates the
seal and attaches to the fabric. It is typically made of a flexible material that can
conform to the shape of the fabric. The design of the vacuum cup should con-
sider the size, shape, and surface characteristics of the fabric to be grasped in
Figure 2.

Name: Vacuum Suction Cup

Band: HOFUJNG

Model: M8 - L90

Parameter:
e Length: 90 mm
e Moving Distance: 25 mm
e Screw Lock: M8

e Cup diameter: 2 mm

Figure 2. The photo of vacuum suction cup.

4.1.3. Connecting the Vacuum Pump to the Vacuum Cup
Use a vacuum hose or tubing to connect the vacuum pump or generator to the
vacuum cup. Ensure that the hose is long enough to reach the fabric and that it

can withstand the vacuum pressure as shown in Figure 3.
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Figure 3. The photo of Vacuum and nozzle clamp on the Grabbing frame.

5. Mechanical and Fluid Analysis for Vacuum Suction Gripper

Load case- Suction cup vertical direction of force vertical
The fabric piece (in this case the fabric piece for the pocket facing 2.0 g and
pocket bag 2.5 g is lifted from a plate. The fabric pieces are lifted with an acceler-

ation of 5 m/s? (no transverse movement).

FTH =(m/u)x(g+a)xS (4)

FTH = theoretical holding force [N]
m = Weight [kg]
g = Gravity [9.81 m/s?]
a= Acceleration [m/s?] of the fabric to pick up and move it
= Friction coefficient
S = Safety
The vertical loading force of pocket bag:
FTH =(2.5x10°° kg/0.5)x(9.81m/s* +5 m/s* )x2
FTH =0.148 N

The vertical loading force of pocket facing:
FTH =(2.0x10"° kg/0.5)x(9.81m/s” +5m/s” ) x2
FTH =0.118 N

The vertical loading force of the pocket bag and pocket facing are 0.148 N and
0118 N accordingly based on the fabric weight of the pocket bag and pocket facing

accordingly as shown in Figure 4.

Figure 4. Schematic diagram of vertical load for the pick and place motion.
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From the equation (1), the suction pressure is required to grasp up the pocket
facing and pocket bag accordingly.

F=P*A

P=FA

Referring to the suction cup, the diameter is 2 mm, the required uplift pressure

is calculated as shown below equation:

D=2mm
A=(D2)n
A=(2x10"m/2)*n
A=(10"°m)n

A=3.1415%x10"°m

F=0.148 N (for pocket bag)

F=0.118 N (for pocket facing)

P=F/A

P=0.148 N/3.1415 x 10 m

P=47,111 Pa (for pocket bag)

P=F/A

P=0.118 N/3.1415 X 10 m

P=37,561 Pa (for pocket facing)

Where into:

* Fis the suction force, and the unit is Newton (N).

* Pis the vacuum pressure, and the unit is Pascal (Pa).

* A is the area of the suction cup, and the unit is square meters (m?).

The required uplift pressure is 47.1 kPa for the pocket bag and 37.5 kPa pocket
facing accordingly.

Bernoulli’s equation relates to the pressure, speed, and height of any two points
(1 and 2) in a steady streamline flowing air density. Bernoulli’s equation is usually

written as follows:
1 5 1 5
P1+EPV1 +pgh =P, +§,DV2 +pgh, (5)

For the automated machinery design, the equipment is reformatted to the be-

low following:

P P
—1+in +h+H :—2+ivz2 +h, +H
29 g 29

Loss + HTurbine (6)
Jols

whereas the pump head, Hpuny is zero because there is the compressed air which
initiates negative pressure from the vacuum pressure generator in ;. The grab-

bing pressure in the vacuum suction gripper is 7.

2 2
Vo -V

PI_PZ =p +pg|:(h2_hl)_Hpump+HLoss+HTurbine:| (7)

At 101.325 kPa (abs) and 20°C (68°F), air has a density (p) of approximately
1.204 kg/m* according to the International Standard Atmosphere (ISA). The grav-

ity value, gon Earth is 9.8m/s* Kinematic viscosity of air at 20°C is given to be 1.6
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x 107> m?/s.

The following formula is used to calculate the total flow rate in parallel pipes.
Qgenerator = QBl + QBZ teee= z: Qn (8)

where Qp is the flow rate of branch 1 of pipe, Qg is the flow rate of branch 2 of
pipe..., etc.

In order to determine the Flow Rate represented as Q, we must define both the
volume V and the point in time it is flowing past represented by ¢ or Q = V/t.
Additionally Flow rate and velocity are related by the equation Q= Avwhere A4 is
the cross-sectional area of flow and v is its average velocity.

In a series of air pipes, by Bernoulli equation, there is the same pipe at the hor-
izontal level to reduce the pipe diameter. The /4 is the same height level of A,. A4,
is calculated from the initial section area by the inner 5.2mm diameter of the air
pipe. A, is calculated as the section area in the last air pipe as inner 2.0 mm diam-
eter.

A =(5.2mm/2)" xn=2.123x10"° m?
A, =(2.0mm/2)’ x 1 =3.141x10"° m?

Referring to Bernoulli’s Equation (5), in the series of air pipes, we can find out

the velocity to relate to the pressure variation.
1 1 2
P+ PV + pah, = Py +— vl + oo,
Reformat the Equation (5), there is shown below equation.
1
R-P=2p(v; V) )

In the continuity equation, the conservation of mass is shown below.
PAV, = pAY, (10)

Applying the Equation (10) into the Equation (9), we have reformatted the

1 2
R-P=2p% [%—1] (11)

2

equation.

1 kg 2.123x10°°
P-P, :E x1. 204 x(37.14 m/sec)

) .,
)2

2

(2123x10°)°
(3 141x10°
(2 827x10°°

1 kg

P-P,= > x1. 204 x(37.14 m/sec)

),
(3.142x10° 6)2
P — P, =830.3x 44.6 = 37018 Pa

AP, =P -P,=37.0kPa

Loss

There will be a pressure drop when pipes are connected in parallel. The pressure

drop occurs because the air flowing through each parallel branch encounters
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resistance, which is caused by factors such as friction within the pipe walls, bends
in the pipe, and changes in pipe diameter.

The pressure loss is 37 kPa from the 5.2 mm inner diameter of the air pipe to
the 2 mm diameter of air pipe. The maximum supply of negative is dropped from
—92 kPa to —55 kPa.

The demand of grabbing pressure for the pocket bag and pocket facing in wo-
ven fabric (100% Polyester; Plain Waves; Textile-woven) is 47.1 kPa and 37.5 kPa
accordingly. The net supply vacuum pressure to gripper is —55 kPa which can sup-
ply the sufficient negative pressure to grasp the pocket facing and packet bag for

automated sewing machine.

6. Analysis of Grabbing Position for Fabrics

Goran Cubric ef al [4] in 2012 have shown that the transfer of fabric required
inlet pressure on the vacuum gripper a minimum of 5 bar. It has also been found
that the application of this vacuum gripper is not suitable for taking one layer of
fabric from a material bundle.

Transfer fabric piece with vacuum, such as taking out of a bundle and transfer
to another location, there are very practical problems. Namely, the separation of
individual fabric pieces for various reasons is not achieved easily.

Part of the fabric bundle held together by static electricity, partly due to the
vacuum created between them, and in textile materials due to its permeability,
vacuum engages the fabric piece below the uppermost of which catches.

The practical test was performed so that on the flat surfaces of the table base
laid five to ten layers of woven fabric pieces and the vacuum gripper is set in the

2 cm distance of fabric edge (Figure 5). Inlet negative pressure to catch is

Research & Development on Grabbing Pressure & Effective Area

Pocket
Facing
(woven
fabric
piece)

Pocket Bag
(woven
fabric
piece)

Grabbing Point from Gripper
Negative Pressure:
P,<P<P,

The suction pressure P is equal to P, as shown in the
circle area as schematic diagram.

Suction Non-effective Area
Suction Effective Area

Suction Non-effective Area

By observation and test, if the suction pressure,
P is less than P, the suction non-effective area is
larger than the suction effective area, the total
non-effective area of fabric is pushed down the
fabric by gravity force.

The grabbing force is not enough to overcome
the fabric gravity force which cannot take up the
fabric cutting piece.

Figure 5. Schematic diagram of grabbing force and position.
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Pocket
Facing
(woven
fabric
piece)

Pocket Bag ‘
(woven |
fabric

piece)

changing from P1 to P2. The P1 is the minimum grabbing negative pressure to
grasp one piece of fabric pieces from the bundle. P2 is the maximum grabbing neg-
ative pressure to grasp no more than one piece of fabric pieces from the bundle.
The experiment is designed to keep the same distance 2cm between gripper
point and edge of fabric piece based on the pocket facing is a rectangular shape in
4 cm length and 12 cm width. The pocket bag is a rectangular shape in 8 cm length
and 12 cm width. The grabbing point is located in the center of a circle in the 2 cm
radius of the pocket facing and in the same 2 cm radius circle of the pocket bag.
Because the greater air suction pressure can pass through the structure of woven
fabric, it can suck more than one layer of fabric pieces. For automation, the re-
quirement of grabbing fabric pieces for an automated welting machine is only al-
lowed to grasp one layout of fabric piece to pick up over 20 cm and move hori-

zontally 50 cm to the required location of welting machine.

r Pressure & Effeclive Area

Grabbing Point from Gripper
Negative Pressure:

P, <P<P,

The suction pressure P is equal to P, as shown in the
circle area as schematic diagram.

Suction Effective Area (Circle Area)

By observation and test, if the suction pressure,

P is greater than P| and less than P2, the suction
effective area covers the fabric area, the grabbing
force is sufficient to overcome the fabric gravity

force which does not pick up the piece.

Figure 6. Schematic diagram of grabbing force and position of grabbing point on the edge and corner of fabric piece

if grabbing pressure is greater than min. pressure and near maximum grabbing pressure.

Referring to the Goran Cubric et al experiment, the grabbing position either in
the corner of fabric or center of fabric affected the grabbing result (pass or fail).
The grabbing point is an essential consideration to affect the result.

This study is exploring the new concept of grabbing pressure, and its related
area based on the value of suction pressure as suction effective area as circle shape
of schematic diagram in Figure 5 and Figure 6. It is called a Vacuum Grabbing
Pressure Theoretical Circle (VGTC).

If the grabbing point is pointing to the corner or edge of the fabric piece, the
center of the suction effective area should be shifted to the corners or edge of the

fabric piece. After shifting the grabbing point, the suction effective area is shifted
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to covered to outside of fabric; therefore, the non-effective suction area exists on
the fabric piece. The ratio of non-effective suction area and effective suction area
is enlarged to make it fail during grabbing as shown in Figure 7.

Therefore, after shifting the grabbing point from the center of fabric piece (1
cm distance to the edge or corners) to the edge and corner of fabric piece, the
minimum grabbing negative pressure, P1 increases to the higher value depend on
the shape of fabric piece and grabbing point distance on the edge of fabric piece
or whether keep the same distance of fabric piece.

The grabbing points, grabbing suction pressure, number of grippers, shape of
fabric, fabric weight and fabric material are the factors that affect whether success

to pick up the fabric piece.

The suction pressure P is equal to P, as shown in the
circle area as schematic diagram.

Suction Non-effective Area
Suction Effective Area

Suction Non-effective Area

By observation and test, if the suction pressure,
P is less than P, the suction non-effective area is
larger than the suction effective area, the total
non-effective area of fabric is pushed down the
fabric by gravity force.

The grabbing force is not enough to overcome
the fabric gravity force which cannot take up the
fabric piece.

Figure 7. Schematic diagram of grabbing force and position of grabbing point on the edge and corner of fabric piece

if grabbing pressure is greater than min. pressure and near maximum grabbing pressure.

7. Test Result

Table 1 shows the results of capturing one layer of fabric piece lifting and holding
up to the required location. Observing the results of capturing one layer of woven
fabric with vacuum gripper within the range of grabbing pressure, P and the num-
ber of grippers to grasp the edge of pocket facing and pocket bag as shown in
Figure 8.

Observing the results of capturing one layer of woven fabric piece with vacuum
gripper (Table 1) show that different sharp, size and material of fabric pieces test
the appropriate number of grippers to get the pass result based on the Vacuum
Grabbing Pressure Theoretical Circle.

The result of the vacuum grabbing test can prove a measurement of the radius

of the single grabbing circle and appropriate grabbing pressure to pick up the
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Table 1. Vacuum grabbing test for woven fabric pieces.

Vacuum Grabbing Test for Automation
Experiment Summary

Outline Supol
u
Fabric Piece . No. of rectangular Pp Y . Result
Test Lot L Fabric . . Negative Air .
Application Gripper Length & Width (pass/fail)
Pressure
(cm)
100%Polyester; Plain W s TEXTILE-
1 Pocket Bag orofyester; Tain Weave 6 26cmx 19cm  -55kPa Pass
WOVEN
68% Polyester, 32% Nylon; Taffeta; Plain
2 Pocket Bag Weave; TEXTILE-WOVEN; TEXTILE- 12 30cmx36cm  —55kPa Pass
WOVEN
96% Nylon (Mechanically Recycled), 4%
3 Pocket Bag ® Nylon (Mechanically Recycled), 4% 6 26cmx19cm  -55kPa Pass
Elastane; TEXTILE-WOVEN
100% Polyeste; TEXTILE-WOVEN;
4 Pocket Bag . 6 26cmx 19cm  —-55kPa Pass
Satin/Sateen
100% Polyester (Recycled); Taffeta; TEXTILE-
5 Pocket Bag 12 30cm x36cm  —55kPa Pass
WOVEN
6 Pocket Bag 100% Nylon; Taffeta; TEXTILE-WOVEN 8 26cmx 19cm  —-55kPa Pass
. 100%Polyester; Plain Weave; TEXTILE-
7 Pocket Facing 6 26 cm x 5 cm —55kPa Pass
WOVEN
68% Polyester, 32% Nylon; Taffeta; Plain
8 Pocket Facing Weave; TEXTILE-WOVEN; TEXTILE- 6 30cm x 5cm -55 kPa Pass
WOVEN
9 Pocket Faci 96% Nylon (Mechanically Recycled), 4% p 26 5 55 kP p
ocket Facin cm x 5cm - a ass
8 Elastane; TEXTILE-WOVEN
. 100% Polyeste; TEXTILE-WOVEN;
10 Pocket Facing . 6 26 cm X 5 cm -55kPa Pass
Satin/Sateen
1 Pocket Faci 100% Polyester (Recycled); Taffeta; TEXTILE- 6 30 <5 55 kP p
ocket Facin cm X 5cm - a ass
8 WOVEN
12 Pocket Facing ~ 100% Nylon; Taffeta; TEXTILE-WOVEN 8 26 cm x 5 cm —55 kPa Pass

Figure 8. Photo of single grabbing test to determine the grabbing pressure and radius of vacuum grabbing pressure theoretical circle.
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small portion of fabric piece as shown in Figure 8. Using the small portion of
fabric piece, the result of radius of VGTC can be found out under the appropriate
range of grabbing pressure.

The radius figure is the distance between grippers to locate on the grabbing
frame for grabbing the required shape of fabric piece. The grabbing frame can
keep the vacuum grippers to meet up the required location to pick the fabric piece

in the new design of automated welting machine as shown in Figure 7.

Grabbing Frame to
hold the vacuum

grippers

Figure 9. Photo of grabbing frame to hold the vacuum grippers for automated welting ma-
chine.

This article uses an experiment to test and verify theories in grabbing technol-
ogy as well as Vacuum Grabbing Pressure Theoretical Circle. These experiments
can range from simple observations or measurements to more complex setups in-
volving specialized equipment or technologies in Figure 9.

The vacuum grabbing experiment that is often used to test the grabbing pres-
sure is the controlled experiment. In a controlled experiment, the engineer ma-
nipulates one or more variables in grabbing pressure and measures the effect on a
dependent variable to the weight, shape and material of woven fabric piece. This
allows them to determine the cause and effect relationship between the variables
and to test whether a Vacuum Grabbing Pressure Theoretical Circle theory accu-
rately predicts the results of the experiment.

The experiments that are commonly used to calculate the number of grippers
and distribution of grippers to cope of fabric piece requirements which include
simulations, observation of natural phenomena, observation and measurements.

Regardless of the experiment being conducted, the goal is to gather data that
can be used to support the workable solution with Vacuum Grabbing Pressure

Theoretical Circle theory as explained by the observations.

8. Conclusions

A conclusion can validate the supply of vacuum negative pressure from the vac-
uum generator to cope with the demand of grabbing pressure to gripper. The
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grabbing force of the vacuum suction gripper can pick up the fabric piece. The
Vacuum Grabbing Pressure Theoretical Circle and its simple test can determine
the appropriate range of vacuum suction pressure to pick up one layer of fabric
piece from the fabric bundle.

Furthermore, the radius of Vacuum Grabbing Pressure Theoretical Circle can
be applied to the distance between vacuum suction gripper set up in the grabbing
frame. Based on the shape of the fabric piece, the appropriate number of grippers
can be calculated to set up on the grabbing holder which keeps the distance be-
tween grippers according to the radius of VGPTC. There is success in grasping
the fabric piece from one location to another location as provided by the solution
of the robotic pick and place solution for garment.

The breakthrough in the problem of how to apply the vacuum suction gripper
to grasp the soft fabric can overcome problems to apply the methodology and
steps to grasp the fabric piece to automated machine by robotic gripper for the

garment manufacturing automation.
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