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Research and design of control system for diaper production line
Nghién ciru thiét ké hé théng diéu khién cho day chuyén san xuat ta 16t
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Abstract

The paper presents the research and design of a PLC-based production control system for manufacturing
diapers, integrating advanced technologies such as high-frequency welding and coaxial servo motor system.
The developed system employs Siemens TIA Portal and LADDER programming language to create a seamless
integration between the PLC and the production line. The incorporation of high-frequency welding technology
enhances the diaper production process, ensuring superior seam quality and reliability. The coaxial servo
motor system, utilized for precise component alignment, contributes to the production of perfectly synchronized
diapers. The functionality of the system has been successfully validated through simulations on WinCC, with
sensor inputs for reject and misalignment detection. The WinCC interface provides real-time visualization of the
production process, allowing operators to monitor and control the system efficiently. The results indicate efficient
operation and adaptability to varying production frequencies within a moderate range. This comprehensive study
contributes to the advancement of industrial automation technology, ensuring quality and productivity in diaper
manufacturing while leveraging cutting-edge welding and servo motor solutions.

Keyword: Diaper; PLC; Wincc; high-frequency welding; servo motor systems.

Tém tat

Bai bao trinh bay nghién ctru thiét ké hé théng diéu khién cho day chuyén san xuét ta 16t dung PLC, tich hop
c6éng nghé han tan sé cao va hé théng dong co servo dong truc tién tién. Hé théng phat trién s& dung phdn mém
Siemens TIA Portal va ngén ngi 1ap trinh LADDER dé tao s twong tac gitra PLC va day chuyé&n san xuét. Viéc
tich hop cong nghé han tan sé cao cai thién quy trinh san xuét ta 16t, dm bao chét lwong va dang tin cay cua
dwong ndi. Hé thédng dong co servo déng truc dwoc st dung dé can chinh cac thanh phan véi dé chinh xac cao,
gitp cho viéc san xuét ta 16t ddng bo tdt hon. Chirc ndng clia hé théng da dwoc kiém chirng thanh cong théng
qua md phdng trén WinCC, v&i dau vao tlr cac cdm bién dé phat hién san phadm 16i va sai léch. Giao dién WinCC
cung cap hién thij thdi gian thuc vé quy trinh sén xuét, cho phép nguwoi diéu hanh theo dai va kiém soat hé théng
mot cach hiéu qua. Két qua cho thay hoat dong hiéu qua va kha nang thich nghi véi tan suat san xuét bién dbi
trong pham vi vira phai. Nghién ctu nay déng gép vao sw phat trién clia cong nghé tw déng hoa cdng nghiép,
dam béo chat lwong va nang suét trong quy trinh san xuat ta 16t, ddng thoi khai thac nhivng gidi phap han va
doéng co servo tién tién.

Twr khéa: T4 I6t; PLC; WinCC; han tén sé cao; hé théng déng co servo dbng truc.

1. INTRODUCTION to moisture and fecal matter has been scientifically
linked to the occurrence of diaper dermatitis, causing

Diapers, an essential need in infant care, play a pivotal  discomfort and distress to infants [1].

role in ensuring the health and hygiene of infants
worldwide. Beyond serving as a convenient solution for
managing urine and feces, diapers directly influence
the well-being of a baby skin. Prolonged exposure

Semi-manual technological lines with single machines
currently have many disadvantages, including lack of
overall supervision on central monitoring screens, diffi-
culty in making overall decisions related to parameters
of the production process. Therefore, automating the

Reviewer: 1. Prof.Dr. Than Ngoc Hoan
2. Dr. Nguyen Trong Cac

production line using new technologies will overcome
the above disadvantages. The construction of the main
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components of the control system can be done on em-
bedded controllers, which has the outstanding advan-
tage of being cheaper, but industrial systems may have
to pay the price in terms of reliability as well as relia-
bility as well as ability to work long term [2]. Applying
PLC programmable control technology for industrial
solutions is an inevitable trend today. PLC controllers
allow the management of a large number of input/ou-
tput points, allowing flexible changes of internal struc-
tures by changes in the software. Of course, stability
and the ability to work sustainably in industrial environ-
ments are the highlights of PLC [3].

Researching advanced technologies in baby diaper
production line control systems using Servo control
systems combined with high-frequency welding
technology has many practical implications. There
have been a number of studies on the application of
PLC programmable controllers combined with accurate
sensor systems to replace manual lines [4].

It can be seen that baby diaper production lines
today play an important role in modern life. Research
and design of automatic baby diaper production
lines combined with servo control systems and high-
frequency welding technology to improve product
quality as well as productivity is a trend. By designing
a PLC-based control system for diaper production, this
study aims to synchronize advanced technological
solutions with the increasing demand for high-quality,
cost-effective, and accessible infant care products.

This paper includes five sections. Following this
introduction, section 2 presents the technologies
applied in the diaper production process. The hardware
and software design are given in section 3, followed by
the results and discussion, finalized by the conclusion
and references.

2. TECHNOLOGIES APPLIED IN INFANT DIAPER
MANUFACTURING

The research group has conducted several studies on
technologies applied in diaper manufacturing plants.
It has been observed that two prominent technologies
stand out in the production cycle:

- Utilizing an advanced synchronized servo motor sys-
tem contributes to the perfection of the end product.

- Enhancing product finalization through high-frequen-
cy welding methods.

This section focuses on investigating the integration of
these technologies into the diaper production process.

2.1. Servo motor systems

The research group conducted on-site surveys at the
manufacturing facility and observed that the material

feeding units are controlled by a system of coaxial ser-
vo motors to achieve motion synchronization.

To address the motion synchronization challenges in
dual-servo systems, the “master-slave” control method
has been extensively applied in practice. The master-
slave control diagram is depicted in Figure 2b. In this
diagram, the main motor position is looped back as
a reference command for the secondary motor. As a
result, the slave motor tracks the actual position of the
master. Due to the inherent nature of the master-slave
approach, any disturbances affecting the slave are
not compensated for the main drive. Since the master
position is provided to the slave as areference, there is
also an unavoidable delay between the servos, making
it challenging to achieve perfect synchronization in
noise-sensitive applications [5, 6].

Another practical strategy is the indirect method, also
known as the ‘parallel control method', illustrated in Fig-
ure 2a. In this diagram, tracking errors of the drive points
are minimized through the use of a high-bandwidth con-
troller and synchronization achieved passively through
dynamic couplings and a trajectory reference generator.
Traditional algorithms like P, PI, and PID, or more robust
methods such as Sliding Mode and H-infinity control,
can be deployed at the drive level to achieve accurate
positioning and dynamic closed-loop servo performan-
ce matched with precise synchronization [7-9].

a) "Tandem” Control

d Master Feedback % f
o o X Axis Uy '\i’ Master % 5
e g s Controller = Motor(X) o
SZE
&= E
T = o - -
¥ O Y Axis uy Slave T s
Controller %— Motor(Y) e
Gy Slave Feedback | 2 &
-~
b) "Master-Slave" Control
d Master Feedback| =
X 2=
" ey XAxis  |uy 'J'\ Master =3
Reference Controller Motor(X) TH 2/ g
Motion -
Command
ey Y Axis uy Slave =
4 Controller :T:- D Motor(Y) T Z »
T %y Slave Feedback | = =
-

Figure 1. Motion synchronization method

2.2. High-frequency welding method

High-frequency welding, also known as ultrasonic
welding, is a process of joining two or more materials
using ultrasonic waves. Steps of ultrasonic welding:

- The layers of materials are positioned at the welding
spot. Thanks to the dual-axis servo drive system, the
layers are accurately aligned and positioned for appro-
priate welding angles.

- The transducer converts electrical signals into me-
chanical vibrations (ultrasonic waves). The vibrating
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component and the welding head apply pressure to the
welding materials.

- Welding time is set. Under the applied pressure, fric-
tional heat develops between the material layers, caus-
ing them to fuse together. The welding head maintains
the layers in contact to ensure intermixing. Induced
voltage generates high-frequency electric currents
concentrated at the surface layer due to skin effect and
adjacent zones. These currents run along the edges to
the point where they meet (the closing point), rapidly
heating and creating a welding bond.

- After the weld joint solidifies, the welding head is
moved away from the product, concluding the ultrason-
ic welding process [10].

Transducer Losses
5%-10% (constant)

Booster & Interface
= Joints 1%-2% (constant)
Horn/Part Interface
Losses
5%-50% (variable)
piece-to-piece

Horn Stress
2%-10% (constant)

Plastic Transmission
Losses
5%-15% (constant)
Part/Fixture Losses
5%-50% (variable)
depending on compressibility
and material

Figure 2. Structure of Ultrasonic Welding Machine

This provides an overview of the practical application
of technologies in industrial factories for manufacturing
baby diapers. In the next chapter, our research team
will proceed to design the system and program the PLC
simulation for the production cycle.

3. DESIGN OF PLC-BASE CONTROL SYSTEM
3.1. System diagram

Sensor deflection
_ Sensor mark
(Membrane layer( fabric |
bottom membrane, PE
membrane)

Wax supply
system

Foot Elastics
Elastic Band Application
Unit 1

( Paper

Cotton

Paper mill

Sensor mark
Sensor deflection

furnace

Waistband |

Fabric layer (
Elastic

underneath

Figure 3. System diagram

The machine structure comprises the following com-
ponents: SAP supply unit + embossing mold; film and
elastic band supply units; cutting blade + compression
roller; adhesive system; ultrasonic welding.

Operating Principle of the Machine:

- Initially, the SAP feeding unit and the paper feeding
unit are supplied with materials. When the desired pa-
per quantity is reached (defaulted to 50kg), the paper
is conveyed to the mixer until depleted and then re-
loaded. As the motor lowers the SAP (as per the SAP
feeding principle), the fiber mixing machine activates.

- After the fiber mixing machine has operated for 2
seconds, the conveyor system is initiated, and the film
feeding units along with the elastic tape applicator units
begin operating in auto mode.

- The product is conveyed using puller units on the
conveyor, and additional components like elastic tapes
are applied through the film feeding units and elastic
tape applicator units using nip rollers.

- The semi-finished product is temporarily passed
through a reject sensor, signaling faulty products. The
faulty products are pushed out by a pittong mechanism.
These faulty products are identified because, after
each film feeding unit change (as explained in the film
feeding section), the first layers of film (in this case, two
products) have a metallic layer that the reject sensor
detects and eliminates. This is aimed at avoiding
deviations when replacing the film roll.

- Quality products are guided through a heat-sealing oven,
then repeating step 3. After 5 seconds of sealing, the
products are completed and placed in designated slots.

- When the product quantity fills the slots up to the pack-
aging position, the packaging of finished products begins.

- The machine structure comprises various compo-
nents:

+ Wax Supply System.

+ Film Feeding System (Core Wrap Film).

+ Elastic Band Application Unit 1.

+ Elastic Band Application Unit 2.

In this study, we use a PLC controller from Mitsubishi,
with Main Base code: R312B, which has 12 slots

where the Modules can be plugged into. Modules
used include:

+ Power module R61P.
+ PLC module R08.
+ Motion control module R64MT.

+ Digital modules RX41C6HS and
RY41NT2H.

+ Communication module CC-link RJ61BT11.
+ Amplifier module MR-J4-xB.
+ Servo motor control module HG-SRxJ.

input/output

3.2. Software Design

The research team utilizes the Tia Portal V15 software
for programming the Siemens PLC control system.

20 Tap chi Nghién ctru khoa hoc, Trudng Dai hoc Sao D, S6 4 (83) 2023



LIEN NGANH DIEN - DIEN TU - TU DONG HOA

We employ the LADDER programming language to
code variables and measurement points, while utilizing
WinCC for simulating the operation of the machine.

3.3. PLC algorithm flowchart

Flowcharts of PLC: Includes Auto and Manual modes
for the following units: SAP Supply Unit, Film Supply
Unit, Elastic Band Supply Unit, and Elastic Band Join-
ing Unit.

SAP supply unit:

- The operating principles of the units have been out-
lined in the block diagram and the algorithm flowchart
is constructed based on them:

START

Sensor 3: ON

Yes
After 3 secondsl

Film Supply Unit, Elastic Band Supply Unit and Elastic
Band Joining Unit:

- The operating principles of the units have been out-
lined in the block diagram and the algorithm flowchart

is constructed based on them:

( START MAN |
——
l START MAN START MAN
‘ Servo Man: ON ‘ RIGHT LEFT
[Compare V]|
No
—  PV-SP | FFF RIGHT: ON FFF LEFT:ON |
yYes l
Click Click Click
 Button Stop Man — Button Stop Man Button Stop Man —

No l— Motor: ON ‘
Exhaust Fan: ON l
After 2 secondsl Down Wax ‘

Release Valve:

ON
l Sensor 2: ON ‘
Up Wax l
| Motor: OFF |
Sensor 3: ON ]

Level SAP = 100]

Exhaust Fan +
Release Valve:
OFF
1

lLevel SAP =70

After 3 seconds

l Click Stop Button

END

Figure 4. Algorithm flowchart for the automatic mode

of the SAP supply unit

START MAN START MAN
T T
| |
Yes . Yes
Sensor 3: ON — Sensor 1: ON
L N
Exhaust Fan: ON
Motor : ON
—Wseconds T
Relea(s)eNVaIve: Click
_1_ ——— Button Stop Man
Click i
— Button Stop Man
| NeGiick ‘ Down Wax
—
Up Wax )
' T Click
Click I Button Stop Man
— Button Stop Man
No Click lNo Click
41; ‘ Sensor 1: ON
Sensor 3: ON
[ LevelsaP=100 i
END =

Figure 5. Flowchart for the manual control of the fan,
discharge valve and motor

lNo Click After SOSlNO Click After 50s {No Click
[Drver Serva: ) |FFF RIGHT: OFF FFF LEFT: OFF |
Normal |
No
PV <SP

L

Clicl
— %unon Stop Man

Yes

Click
Button Stop Man

No Click No Click

Driver Servo : | |
Expand

Driver Servo :
Narrow

eNp
Figure 6. Flowchart for the automatic mode of the film
sealing unit

ST;RT

]
4L STARTAUTO START AUTO
‘ Servo Man: ON LEFT CHUN
| l
v ¥
FFF LEFT: ON FFF RIGHT: ON Click
Button Stop
Click Click
Button Stop — Button Stop 1No Click
After 50s | No Click After 50s| No Click |Elastic band: ON
FFF LEFT: OFF EFF RIGHT: OFF
I
,
. pvese N pvosp
| Yes ves
Click Click Click
Button Stop Button Stop Button Stop
No Click 1 No Click lNo Click
Driver Servo : Driver Servo : Driver Servo :
Expand Narrow Normal
END

Figure 7. Flowchart for the manual mode of the film
sealing unit

- All other film feeding units and remaining elastic band
units will operate in the same way as the film feeding
and elastic band unit of the elastic band applicator
mentioned above, in both auto and manual modes.

4. RESULTS AND EVALUATION

4.1. Achieved results

Through our concerted efforts, we have accomplished
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a software system design using the Tia Portal v15
application. Thisencompassed a multifaceted approach.
Firstly, input and output variables were carefully
selected to ensure compatibility and functionality within
the software framework. Subsequently, comprehensive
logic algorithms were constructed using the Ladder
language, providing a structured and efficient means
of control. Finally, these variables were seamlessly
integrated into the Supervisory Control and Data
Acquisition (SCADA) system, where they were
executed successfully in accordance with the specified
operational requirements.

Figure 8. Simulation Results

4.2. Evaluation

Upon conducting simulations and assessments, no-
table achievements have been observed within the
system. Firstly, there is evident stability and precision
in the operation of measurement points and sensors,
aligning precisely with the specified data parameters.
Furthermore, the production frequency of finished
products has met the stipulated project requirements
when operating on a small scale. Lastly, the machinery
exhibits proper functionality, effectively adhering to the
design specifications outlined for its operation.

5. CONCLUSION

Throughout the extensive research journey, our
dedicated research team has achieved remarkable
milestones. Firstly, we conducted an in-depth study
of the diaper production process and manufacturing

technology implemented at the factory. Subsequently,
we embarked on the ambitious task of designing
the production cycle, meticulously simulating the
production line technology. In adherence to our
requirements, our achievements include attaining a
commendable production capacity for finished products
on a moderate scale. Furthermore, we meticulously
observed and scrutinized every step within the product
manufacturing process, ranging from the minutest
details to larger-scale operations. In this endeavor,
we strategically incorporated sensors, ensuring they
function in harmony with the required specifications
while maintaining a reasonable level of accuracy.

The results achieved in this research allow us to imple-
ment in practice where the application of PLC program-
mable controllers allows automation of the production
process, reducing worker labor. as well as increase the
flexibility of the control system. The next direction of
this research is to apply designs as well as software
algorithms to a practical baby diaper production line.
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