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ANALYSIS OF EXPERIENCE 
IN OPTIMIZING THE OPERATION OF 
AN AUTOMATED PRODUCTION LINE 
FOR FOLDING CARDBOARD BOXES

The object of research is an automated system for controlling the bending mechanisms of the folding-gluing line 
for cardboard packaging products. In the work, the ways of optimization and the development of an automated 
control system for the bending mechanisms of the folding and gluing line, which makes it possible to fold various 
structures and standard sizes of cardboard boxes using modern automation tools based on programmable logic 
controllers, were carried out in the work.

A mathematical model has been proposed to describe operations on the folding-gluing line. Based on the model, 
a methodology has been developed for calculating the parameters of the automated control system for the box 
folding production line, depending on the technical parameters of the line and the parameters of the boxes to be 
bent. This will make it possible to choose optimal technological modes of the production process and obtain high 
quality parameters of cardboard packaging products. To verify the mathematical model of the production line, 
software has been developed in the Delphi development environment, which was applied with the developed auto-
mated production process control system based on a programmable logic controller (PLC) and an operator panel. 
This produced a number of results, in particular, controlling the speed of the hook bend in proportion to the speed 
of the line. And also provided an opportunity to increase line speed and, accordingly, production productivity.  
It has been possible to change the mutual location of system elements, which made it possible to reduce the distance 
between workpieces and increase the capacity of the line tape by 30 %.

The obtained research results were implemented at the production enterprise of typographic products «Di-
nas»  (Zaporizhzhia, Ukraine), which contributed to the improvement and optimization of production processes. 
Conducting further research will provide an opportunity to expand the proposed methodology for use on all types 
of folding and gluing lines.

Keywords: automated system, technological process, structural diagram, programmable logic controller, panel-
controller.
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1.  Introduction

Cardboard is often used as packaging material for vari-
ous products. It has a low cost, a wide range of standard  

sizes, design and assembly variability. Dense paper packag-
ing simply folds, saves space during storage, and is easily 
disposed of. At the same time, the boxes are quite strong, 
which led to their use in various industries, from the food  
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industry to the manufacture of cosmetics and souvenirs [1]. 
In order to provide the enterprise with appropriate packag
ing, it is necessary to automate the production of cardboard 
boxes at the factory.

The production of a cardboard box consists of such 
technological operations as printing, decorative decoration, 
stamping and assembly. Separate equipment is used for each 
technological operation  [2]. For a full cycle of automation of 
the production of cardboard boxes, it is necessary to automate 
a complete list of technological operations. The most difficult 
stage of production is the folding and gluing of the box, since 
the boxes have different dimensions and designs  [3]. When 
assembling boxes, their structures are fastened with staples or 
glue. An exception is constructions that are fastened without 
additional fastening materials. Some are assembled directly from 
the pattern, others to create a closed contour it is enough to 
glue one side seam at a time. The latter then make up the 
provision of a flat shape. Such boxes are very convenient to 
store and transport. Stacked flat boxes save a lot of space.

Boxes have different shapes and designs. In the process 
of manufacturing products from cardboard and corrugated 
cardboard (boxes), it is necessary to glue the blanks, which 
can be done with the help of special equipment – folding and 
gluing units. They are designed for these purposes and today 
are presented in various models, differing among themselves in 
terms of technical characteristics, properties and capabilities.

Folding and gluing lines (FGL) provide automation of 
the final technological operations of cardboard packaging 
production [4]. The market traditionally offers a large range 
of FGL from different manufacturers, so printers have  
a  lot to choose from. If the selection criteria – techno-
logical capabilities, performance, price, reliability are quite 
universal, then specific priorities are determined by the 
tasks facing each enterprise and subjective factors.

Modern automatic FGLs [5] include the following tech-
nological modules and nodes:

–	 self-loading machine for automatic feeding of blanks 
of cardboard boxes;
–	 pre-folding section, in which the primary folding 
of the valves is performed;
–	 folding section for glue application;
–	 final folding section, in which the box is formed;
–	 section of reinforced pressing to ensure high-quality 
formation of the box and fixation (adhesion) of glue;
–	 receiving device.
Depending on the production tasks, the FGL can be 

equipped with additional modules, for example, a device 
for rotating products by 90°.

The number of gluing points determines the nomenclature 
of finished products. One gluing point is sufficient for the 
production of simple boxes, three gluing points are required 
for boxes with a self-assembling bottom, and more gluing 
points are required for the production of complex boxes. 
Optimizing the technological process of assembling boxes 
makes it possible to increase production productivity  [6], 
especially when using automated control systems  [7].

The aim of research is to develop ways to optimize and design 
an automated system for controlling the bending mechanisms 
of the folding-gluing line for cardboard packaging products.

2.  Materials and Methods
The development of optimization methods has been carried 

out on the basis of the «Dinas» printing house to optimize 

production by accelerating the number of products produced 
per unit of time and to universalize the process of reconfi
guring the line when the size of the workpiece changes, as 
well as in cases where it is necessary to change individual 
elements of the line due to their failure.

Available production line has some disadvantages:
–	 it does not have the possibility of electronic setting 
of parameters of cardboard box blanks;
–	 it does not have the possibility of changing the speed 
of production;
–	 it is not possible to replace individual components 
of the line when they fail.
Therefore, the paper proposes the development of me

thods for optimizing the existing line and the implementation 
of these methods in the line control automation system.

It is suggested to make the following optimization:
–	 provide an opportunity to control the hook bending 
speed in proportion to the speed of the line, which will 
increase the speed of the line and, accordingly, produc-
tion productivity;
–	 implement the possibility of entering the dimensions 
of the cardboard blanks to be processed, which will 
allow to shorten the process of reconfiguration during 
the change of the blank;
–	 realize the possibility of changing the mutual location 
of system elements without affecting the performance;
–	 implement the possibility of changing individual com-
ponents of the production line in the event of their 
failure without the need to change the switching and 
electrical circuit;
–	 ensure the accounting of the amount of products 
produced on the line.
To implement the described changes, it is necessary:
–	 to develop a structural diagram of the automated line;
–	 to develop a mathematical model of the line’s opera-
tion with an indication of the interrelationships between 
all parameters;
–	 on the basis of the model, to implement software for 
modeling the production process and identify the optimal 
coefficients of the interconnection of elements, as well 
as their influence on the optimal modes of operation 
of the line;
–	 to select components for the implementation of an 
automated production line management system;
–	 to develop the switching scheme of the automated 
control system of technological processes (ACSTP) of 
the line;
–	 to develop the software of the automatic control system 
of the line for the programmable logic controller  (PLC) 
and the operator’s panel.

3.  Results and Discussion

3.1.  Development of a structural diagram and mathematical 
model of the production line to optimize its operation. The 
system consists of a PLC that interrogates the sensors and 
a line encoder that sends control signals to the servo ampli-
fier and reads information in the event of a servo amplifier 
error. An error detector, hook start and stop buttons can 
also be connected to the PLC. The operator’s touch panel 
is used to display the current state of operation and to set 
parameters in the system. The use of PLC is a  frequent 
solution for production lines of this type  [8, 9].

The structural diagram of the system is shown in Fig. 1.
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Fig. 1. Structural diagram of the hook control system for bending the line

The production line bends the box from the cardboard 
blank according to the previous cutting. The process of 
feeding the workpiece to the production line can be imple-
mented in various ways  [10]. Mechanisms based on hooks 
are often used in such systems  [11].

The developed system controls the bending hooks in 
two sections. To determine the moment of activation of 
the bending hook, infrared interference sensors are used. 
When there is an obstacle in the field of view of the 
sensor (the distance from the sensor to the line tape is 
adjusted by a resistor on the sensor itself), the contacts 
are closed (+24  V appears on one of the sensor contacts). 
The signal informs the system that a box blank has come 
under the sensor. Depending on the settings, after pass-
ing the set distance along the line, a signal to start the 
hook rotation with a calculated delay is sent to the servo 
motor via the servo amplifier (Fig.  2).

To optimize the production process, the maximum pos-
sible number of parameters is set in the mathematical model.

a

b

Fig. 2. Photo of one of the hooks of the line:  
a – outside the production line; b – during work as part of  

the production line

Adjustable system parameters (set based on the pa-
rameters of the production line and the box to be bent) 
include the following indicators:

–	 the number of pulses that must be applied to the 
servo amplifier to turn the motor to full speed SP, pcs.;
–	 the number of pulses from the encoder corresponding 
to the shift of the production line by 1  mm PMM, pcs.;
–	 the number of pulses from the encoder correspond-
ing to its complete cycle ER, pcs.;
–	 the number of hooks on the section H, pcs.;
–	 the size in mm of the outer side of the bending 
hook L1, mm;
–	 the size in mm of the inner side of the bending 
hook L2, mm;
–	 the distance in mm from the edge of the hook to 
the L3 axis, mm;
–	 the distance in mm from the inner side of the hook 
to the L4 axis, mm;
–	 the distance from the inner side of the hook to the 
fastening circle L5, mm;
–	 the diameter of the fastening circle D, mm;
–	 the distance between the beam of the sensor and 
the hook axis L6, mm;
–	 the size of the box to be bent L7, mm;
–	 the size of the area of the box that does not bend, 
L8, mm;
–	 the angle of rotation of the hook for bending α, deg.
Calculated system parameters include the following 

indicators:
–	 the angle of hook rotation in order to hide it, β, degree;
–	 the distance in mm that the line must pass to the 
beginning of the bend L0, mm;
–	 the distance in mm that the line must travel while 
the LT bend is made, mm;
–	 the distance in mm that the line must travel after 
the bend before the beginning of hiding LW, mm;
–	 the distance in mm that the line must pass while 
the LH is being hidden, mm;
–	 the number of pulses that must come from the en-
coder to start bending the hook P0, pcs.;
–	 the number of pulses that must come from the en-
coder while the hook bends PT, pcs.;
–	 the number of pulses that must come from the en-
coder after the end of the bend before the start of 
PW hiding, pcs.;
–	 the number of pulses that must come from the en-
coder while the hook is hiding PH, pcs.;
–	 the number of pulses that are supplied to the servo 
amplifier for bending at the angle α – PA, pcs.;
–	 the number of pulses that are supplied to the servo 
amplifier for bending at the angle β – PB, pcs.;
–	 the number of adjustment pulses after H revolutions 
to obtain a full revolution of the PC engine, pcs.;
–	 the coefficient that determines the linear relation-
ship between the number of pulses coming from the 
encoder and the number of pulses fed to the servo 
amplifier (how many pulses are fed to the servo am-
plifier when one pulse is received from the encoder 
during bending and hiding) KL, pcs.;
–	 line movement speed: Vp, pulses/s; Vmm, mm/s; Vm, m/min;
–	 the time after which it is necessary to start bending 
the hook at a constant speed Vmm – t1, s;
–	 time from bending of the hook at a constant speed 
Vmm – t2, s;
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–	 the time after which it is necessary to start hiding 
the hook at a constant speed Vmm – t3, s;
–	 hook hiding time at constant speed Vmm – t4, s;
–	 the frequency of pulses to the servo amplifier for 
bending and hiding the hook at the speed of the 
line  Vp  – F, Hz.
The linear parameters of the shafts connecting the en-

coder to the production line are as follows (Fig.  3):
–	 R1 = 115  mm;
–	 R2 = 90  mm;
–	 R3 = 30  mm.
The measured current values are indicated, but the 

optimized system allows them to be changed.

Fig. 3. Parameters of connecting the encoder to the line

At a line speed of 20  m/min, the number of pulses 
is 1600  pulses/s.

At a line speed of 30  m/min, the number of pulses 
is 2300  pulses/s.

The relationship between the angle to hide the hook, the 
angle of rotation and the number of hooks installed on the shaft:

β α= −
360

H
.	 (1)

Distances characterizing the box and hook parameters:

L0 = L6–L4+L8–L7/2,	 (2)

where LT = L7, LW = L2.
Dependence of the distance that the line must travel 

while hiding from linear and angular parameters:
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Dependence of the number of pulses that must come 
from the encoder to start bending the hook on the linear 
dimensions of the hook and the box:

P0 = PMM·L0 = PMM·(L6–L4+L8–L7/2).	 (4)

Dependence of the number of pulses that must come 
from the encoder during bending of the hook on the bend-
ing area and the number of pulses per full revolution of 
the encoder:

PT = PMM·LT = PMM·L7.	 (5)

Dependence of the number of pulses that should come 
from the encoder while the hook bends, on the number 
of pulses per full revolution of the encoder and the linear 
size of the hook:

PW = PMM·LW = PMM·L2.	 (6)

Dependence of the number of pulses that should come 
from the encoder while the hook is hiding, on the set linear 
and angular dimensions:

PH PMM LH PMM L
H
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⋅

−
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7
360

1
α

.	 (7)

The number of pulses supplied to the servo amplifier 
for bending by an angle α is determined by the ratio:

PA
SP

=
⋅α

360
.	 (8)

The number of pulses supplied to the servo amplifier 
for bending by the angle β is determined by the ratio:

PB
SP SP

H

SP
=

⋅
= −

β α
360 360

.	 (9)

The number of adjustment pulses after H revolutions 
to obtain a full revolution of the engine:

PC = SP–H·(PA+PB).	 (10)

The coefficient, which is determined by the linear 
relationship between the number of pulses coming from 
the encoder and the number of pulses fed to the servo 
amplifier:

KL
PA

PT

SP

PMM L
= =

⋅ ⋅
α

360 7
.	 (11)

The ratio for determining the speed of line movement, 
depending on the units of measurement (in pulses/s –  
Vp, mm/s – Vmm and m/min – Vm):

V PMM V
PMM P

tmm p= ⋅ =
⋅

,	 (12)

V
V PMM P

tm
mm= =

⋅ ⋅60

1000

60

1000
.	 (13)

Determination of the time after which it is necessary 
to start bending the hook at a constant speed Vmm:

t1 = L0/Vmm = P0/Vp.	 (14)

Determination of hook bending time at constant speed 
Vmm – t2:

t2 = LT/Vmm = PT/Vp.	 (15)

Determination of the time after which it is necessary 
to start hiding the hook at a constant speed Vmm:

t3 = LW/Vmm = PW/Vp.	 (16)

Determination of hook hiding time at constant speed Vmm:

t4 = LH/Vmm = PH/Vp.	 (17)
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The ratio for determining the frequency of pulses to 
the servo amplifier for bending and hiding the hook at the 
line speed Vp :

F KL V
SP V

PMM Lp
p= ⋅ =

⋅ ⋅
⋅ ⋅

α
360 7

.	 (18)

3.2.  Production process modeling software. To verify 
the mathematical model of the production line, software 
was developed in the Delphi development environment.

The developed software allows to enter all the mea-
surement parameters of the elements of the production 
line and, based on them, calculate all the parameters that 
must be determined according to the mathematical model.

The interface of the main program window is shown 
in Fig.  4.

In addition, the developed software has the possibility 
to animate the process of the cardboard blank of the box 
along the production line and the bending of the hook 
according to the entered parameters.

Animation is possible both step-by-step and in real time.

3.3.  Development of the hardware part of the automated 
production line control system. The following system ele-
ments were selected: Wenglor HM24PA2 obstacle sensors; 
line encoder LPD3806-600BM-G5-24C; Mitsubishi MR-J2S 

servo amplifiers; line encoder LPD3806-600BM-G5-24C; 
PLC Delta AS228; operator panel Delta DOP-107BV; the 
sensor providing a signal about an obstacle is HM24PA2.

The LPD3806-600BM-G5-24C encoder is used to ob-
tain the speed of the production line.

Incremental angle photoelectric converters (angle sen-
sors, angle encoders) are designed to determine the amount 
of angular movement (tilt, turn, rotation) of executive 
bodies of controlled mechanisms.

HC-MFS23 servo amplifier is selected to coordinate 
the PLC and the motor that rotates the hooks.

The next stage of the system development was the as-
sembly of the switching circuit and setting the parameters 
of the components included in the system.

3.4.  PLC program development. The PLC program is 
created in the ISPSoft development environment in the 
LD language  (Fig.  5). This environment is used for pro-
gramming ACS of various production lines, including for 
creating cardboard products  [12].

In addition to the state of the inputs, the program uses 
additional system variables that store the state in order 
to display them on the operator panel. Addresses, names 
and assignments of variables associated with PLC input 
and output contacts are given in Table  1 and Table  2, 
respectively.

Fig. 4. The main window of the program for calculating parameters according to the mathematical model

Fig. 5. Writing a PLC program in the ISPSoft development environment
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In general, a complete list of variables used by the user 
can be seen in the Main Table item in the development 
environment. The PLC program consists of 5 subprograms:

–	 SystemOnOff;
–	 Area1Hook;
–	 Area2Hook;

–	 EngineTest;
–	 ZeroPosition.

3.5.  Development of an operator panel program. The 
operator panel program was developed in the DOPSoft 
environment (Fig.  6–9).

Table 1
User variables associated with PLC input pins

No. Address Name Description

1 X0.0 ButtonON Power button state

2 X0.1 ButtonOFF Power button status

3 X0.2 EncoderAPin Contact A of the production line encoder

4 X0.3 EncoderBPin Contact B of the production line encoder

5 X0.4 Sensor1Signal Signal of the 1st section fault sensor

6 X0.5 Sensor2Signal Signal of the 2nd section fault sensor

7 X0.6 RD2 Signal RD pin CN1A-19 of the 2nd servo amplifier

8 X0.7 D01_2 Signal DO1 pin CN1B-4 of the 2nd servo amplifier

9 X0.8 ZSP2 Signal ZSP pin CN1B-19 of the 2nd servo amplifier

10 X0.9 TLC2 TLC signal pin CN1B-6 of the 2nd servo amplifier

11 X0.10 INP1 Signal INP pin CN1A-18 of the 1st servo amplifier

12 X0.11 INP2 Signal INP pin CN1A-18 of the 2nd servo amplifier

13 X0.12 RD1 Signal RD pin CN1A-19 of the 1st servo amplifier

14 X0.13 D01_1 Signal DO1 pin CN1B-4 of the 1st servo amplifier

15 X0.14 ZSP1 Signal ZSP pin CN1B-19 of the 1st servo amplifier

16 X0.15 TLC1 TLC signal pin CN1B-6 of the 1st servo amplifier

Table 2
User variables associated with PLC output pins

No. Address Name Description

1 Y0.0 PPServo1 Signal PP pin CN1A-3 of the 1st servo amplifier (forward pulses)

2 Y0.1 NPServo1 Signal NP CN1A-2 of the 1st servo amplifier (reverse pulses)

3 Y0.2 SON2 SON signal pin CN1B-5 of the 2nd servo amplifier

4 Y0.3 ABSR2 ABSR signal pin CN1B-9 of the 2nd servo amplifier

5 Y0.4 PPServo2 Signal PP pin CN1A-3 of the 2nd servo (forward pulses)

6 Y0.5 NPServo2 Signal NP pin CN1A-2 of the 2nd servo amplifier

7 Y0.6 ABSM2 ABSM signal pin CN1B-8 of the 2nd servo amplifier

8 Y0.7 CR2s Signal CR pin CN1A-8 of the 2nd servo amplifier

9 Y0.8 SON1 SON signal pin CN1B-5 of the 1st servo amplifier

10 Y0.9 ABSM1 ABSM signal pin CN1B-8 of the 1st servo amplifier

11 Y0.10 ABSR1 ABSR signal pin CN1B-9 of the 1st servo amplifier

12 Y0.11 CR1s Signal CR pin CN1A-8 of the 1st servo amplifier

Fig. 6. The main menu of the panel program
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3.6.  Practical meaning. The developed system allows the 
operator to simplify the process of operation and mainte-
nance of the production line, which reduces the probability 
of errors and increases work productivity.

The developed technique and automated system can 
be used in real production of packaging boxes with the 
possibility of adjustment to the equipment parameters.

3.7.  Limitations of the study. Intended for implementa-
tion at the «Dinas» typographic production enterprise in 
the city of Zaporizhzhia (Ukraine), the obtained research 
results contributed to the improvement and optimization of 
production processes in the field of printing. The limitation 
for the use of the developed methodology is the specific 
characteristics of the production line served by the enterprise.  

Fig. 7. Window for setting the parameters of the 1st section

Fig. 8. Hook setting window of the 1st section

Fig. 9. Engineering menu window
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The studied technique shows its effectiveness when ap-
plied to lines that produce products with the property of 
exclusively longitudinal bending with the help of hooks.

3.8.  The influence of martial law conditions. In connection 
with the introduction of martial law in Ukraine and the 
significant complication of production activities, in particular 
in the eastern and southern regions, the possibilities for 
the development and functioning of industrial production 
are currently limited. Therefore, the results of the study 
were implemented for only one production line, which is 
a consequence of the closure or relocation of a significant 
number of enterprises. On the other hand, during the martial 
law, the need to adapt and optimize production processes 
increases, which confirms the relevance of the work.

3.9.  Prospects for further research. Further scientific 
research, based on the features of individual operations of 
the technological process, can contribute to the expansion 
of the proposed methodology with the aim of applying it 
to all categories of folding and gluing lines in industrial 
production.

4.  Conclusions

In the work, the optimization of the production line for 
folding cardboard boxes for the «Dinas» printing house has 
been carried out by creating a mathematical model of the 
line, followed by the development of an automated production 
process control system based on a PLC and an operator panel:

–	 the ability to control the bending speed of the hooks 
in proportion to the speed of the line has been imple-
mented, which makes it possible to increase the speed of 
the line and, accordingly, production productivity  (the 
average speed of the lines has increased from 30 to 
80  m/min);
–	 the possibility of entering the dimensions of the 
cardboard blanks to be processed has been implemented, 
which made it possible to reduce the process of recon-
figuration during a blank change from several hours 
to a few minutes;
–	 the possibility of changing the mutual location of 
the system elements was implemented, which made it 
possible to reduce the distance between the workpieces, 
which increased the capacity of the line tape by 30 %;
–	 the possibility of changing individual components 
of the production line in the event of their failure 
without the need to change the switching and electri-
cal circuit has been implemented;
–	 accounting for the number of products produced on 
the line is ensured by entering the counter of produced 
boxes on the screen of the operator’s panel (the data 
is stored in the magnetic memory).
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DEVELOPMENT OF INFORMATION 
SYSTEM FOR PLANNING 
PERSONALIZED TOURIST ROUTES

The object of research is processes of information and technological planning of tourist trips. The article ana-
lyzes the processes of information technology planning of tourist trips and develops an information system for 
personalized planning of tourist routes using graph theory. The paper describes in detail a new approach to the 
formation of optimal routes based on graph models and the analysis of personal preferences of users.

The developed information system uses graph theory to represent and optimize tourist routes, taking into ac-
count various criteria such as distance, travel time, and individual user preferences. Algorithms for calculating 
optimal routes are designed to improve the quality of recommendations and provide a high level of personalization.

The functionality of the information system for planning tourist routes is based on the use of a number of inno-
vative approaches and technologies that make the system more efficient, accurate and attractive to users. This takes 
into account the need to use modern route optimization algorithms. Algorithms have been developed to optimize tourist 
routes based on various criteria, such as cost, time, personal preferences, and environmental aspects. The introduction 
of intelligent analytical tools for predicting tourist trends helps to determine the popularity of places and other factors 
that influence the choice of routes. For the audio support of the excursion route, an algorithm for generating multi-
media information content that is relevant to an individual personalized excursion route and its duration is used. The 
authors formulate the requirements and analyze the functionality of the information system for personalized planning 
of tourist routes, since a personalized approach and the use of graph models facilitate route planning that takes into 
account various aspects, including user-friendliness, accuracy of recommendations, system flexibility and security.

The developed information system can open up new opportunities for individual and intelligent planning of 
tourist routes, providing users with a unique tourist experience.

Keywords: information system, tourism industry, graph theory, personalized planning, optimal routes, unique 
tourist experience.
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1.  Introduction

The use of information technology in tourism in today’s 
information society has a very positive impact on the qua
lity and convenience of travel. Information systems provide 
convenient tools for navigation, mapping, and route planning. 
Users can quickly find not only tourist attractions, but also 
restaurants, hotels, transportation, etc. Information systems 
provide users with instant access to a large amount of in-
formation about tourist attractions, events, cultural activi-
ties, restaurants, hotels, and other important travel details. 
Thanks to information systems, users can easily book hotels, 

transportation tickets, excursions, and use travel management 
functions to make changes to their plans. Information systems 
equipped with language translation functions facilitate com-
munication between users in places where language barriers 
may arise, and provide the ability to get recommendations 
for restaurants, shops, and other places from other users, 
making it easier for tourists to make choices. Information 
systems can serve as a means to obtain safety information 
and provide alerts in case of emergencies, as well as provide 
contacts for local emergency services. In general, mobile 
information technologies facilitate and enrich the tourist 
experience, making it more convenient, interactive and rich.


