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Abstract: This article deals with the conceptual design efdbntrol system for a line intended for sortingdurcts. It is

an automated workplace with sensor differentiatibproducts and subsequent separation. The prelimarrangement
of the workplace and the placement of sensors efdimrs is proposed. Control networks for the i@rstystem in the
form of block diagrams are also proposed.

1 Introduction movement of the linear sorting linear actuators is
The article deals with a case study of an automatéditomatically controlled according to the inforroatfrom

production line for sorting and transporting pragum the sensors for detecting the material of the pehycand

crates to their final destination. This is a mosialiation ~accordingly the products are moved to the next@pjate

created for educational purposes. The creationuoh s conveyor (Figure 2).

models is a suitable tool for training techniciazausd

operators of production lines [1-5].

The system includes, from the sorting conveyor, two
. S paths of transport conveyors for the transport afesl
v - products. The products are then transported t@igeof
: the conveyor where they are moved by gravity ifi® t
crate, which is placed on another conveyor locéieer
The concept of this production line (Figure 1) dstss Y the height of the crate (Figure 1). The sensteds the
of five connected conveyors. The first conveyortaors a  9radual collection of products into the crate, aiter
sorting station with two linear actuators for mayithe ~counting the desired number of products, the ortethe
product to the next conveyor (Figure 2). The sgrtamd  Products is set in motion by means of a conveyat an

Figure 1 Sorting line concept with conveyors
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transported to the destination zone. From theseeyams, #7% L\

the parts crates are then taken to the next pathef
production process.

For the purposes of the design of the control sysited (L :

the program, a logistic scheme with the placemént Cggm
sensors and actuators was designed (Figure 4).

The next part of the article describes the desfghe®
control program for the PLC system, which will be t
control system for this proposed sorting systergyfé 3).

—mfl J\ i

Figure 3 Storing prbductsin a transpbrt box

Ovtics1 IndS1 CapS1
ptic é
] 18 —> |n
O O [l [l O
OpticS1 OpticS2 OpticS2 OpticS3 OpticS3

O,
| m |

Ol Inds4c i

% @ IndS5

Figure 4 Schematic of the placement of sensors and actuators

|©

2 Control program proposal IndS1. The control program for motor M2 (Figureig)

All programs for the PLC system are designed in FBBOmMpiled using a timer block and is started using

(Function Block Diagram) language. The control pangy information.from the thicsz se_znsqr._The contrmigmam
for the motor M1 is designed in Figure 5 and isvedl for the sorting arm (Figure 8) is similarly solvading a
using a flip-flop SR block. The control program foe first timer block triggered by information from the CapS1
sorting arm (Figure 6) is solved using the timerxckland ~sensor. The control program for the M3 motor (Fégiyis
is connected to the Corresponding sensor of thdqnto started by the timer block connected to the Opt&'ﬂﬁsor
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Network 1: M1 %88
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DB_7"
& ™
- = Time
0.0 %Q0 2
“Start” — “Motor1F* %05
2 58 *Optics3" — N E1—T# a
"OpticS 1" =3k —_ T#3s — pT Q
%01 & %01
“Stop” —R1 Q— “Stop® =0
Q2.2
Q22 “Motor4”™ =0
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w57 >=1 *Motor5® —0 3¢ _
“Motors”™ =0 sk —
a &
- h e “Motorbue — “MotoraF
%601 = %01 =
“Stop” =0 3¢ —_— e —_ “Stop” =0 3¢ 1 —_— -
& &
W05 %“WQo.3 %“WQ2.1 w7
“MotorButtB1® — “Motor18* “MotorButtB3" = “Motor38"
0.1 -, %601 =
“Stop” =035 —_— — “Stop” =0 3¢ —_— —_—
Figure 5 Control diagramfor motor M1 Figure 9 Control programfor motor M3
%B1 The control program for motor M4 and motor M5
"IEC_Timer_0_DB* (Figure 10 and Figure 11) is solved using the causiock
™ connected to sensors IndS3 and IndS5.
Time a
Q0.6
W0 .2 "HandM1F* .
"IndS1" — N ET — T#0ms = i w022
T#450MS PT Q 'Coun:::;— 'Mo:cr.l'
. . "Stop” =0 5k —_— —
Figure 6 Control programfor 1% sorting arm
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“Motord” -0 Figure 10 Control programfor motor M4
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Figure 7 Control programfor motor M2 a2 s
ing2 “Counter2”
(a7 =
%DB5 = - N
"Ecagm;’—o— Figure 11 Control programfor motor M5
™

Tane ; The HMI (Human Machine Interface) interface
q it (Figure 12) is designed for a 7" TFT color displdye
0 4 . . . . .
£7 — T#0ms - movements of individual products are indicated gisin
T#450M5 — pT Q - motion animation. The counting of individual protkics
displayed in a text window. The display also hatdns
for starting and stopping the entire system, ad asl
buttons for manual control of the device. Prodectsers

"CapS1" =— N

Figure 8 Control programfor 2™ sorting arm

~17 ~

Copyright © Acta Mechatronica, www.actamechatronica.eu



22 Acta Mechatronica - International Scientific Journal about Mechatronics
Volume: 9 2024 Issue: 3 Pages: 15-20 ISSN 2453-7306

g ﬁ

2 . .

9 M Conceptual design of control system for component sorting
% Oleksandr Postrygan

are highlighted in color at the moment the prodigct diagram, it is also possible to simulate an HMIlegapion

detected on the conveyor. that is linked to the function of the FBD diagram.
Metal 3
%DB42
Plastic “RedCounter”
m‘
Int
FALSE
W43
“resett2” ==lcU
FALSE 3
M55 WWe
“resettd” —=|p ov/— "pocet2
8

FALSE
%81
“Stop_HMI" =&fs¢

Figure 12 HMI design

3 Simulation

An essential part of the design of the control paoy
and application for HMI is the simulation of thetiem
production process (Figure 13, Figure 14, Figure Tbis
is a very important part because almost all therland
weaknesses of the design will be covered herdhedsame
time, the simulation will show the measures thaidht® be
taken during the actual design of the mechanical an
electrical parts.

%M4.2
*ing2*
SR -
TRUE 3l
8.0 ot
Start_HMI s _" = ""‘“"‘E
------------- R1
FALSE !.:"
%ms.1
*Stop_HMI" =& 7 .
o Figure 15 Smulation of transport abortion of part on conveyor
“Metal] —s¢

|— T#C

However, these simulation results are often
incomprehensible to the customer, and it is more
appropriate to add a visualization in a 3D envirentrto
the simulations (Figure 16, Figure 17, Figure 18,
Figure 19), where it is possible to see the movémkthe
products in real time and thus it is also posdibleest the
timing individual operations. In Figure 16 showse th
arrangement of the sensors and in figure 17 thpgsed
arrangement of the sorting arms is shown. The ctidie
of products into the box and the transport of the With
the product is shown in the simulations in Figue 1

Figure 13 Smulation of metal part transport

In the simulation, it is indicated by color whichrfs
are active with a logical value of 1 and which parte with
a logical value of 0. Along with the simulationtb® block
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Figure 19 Smulation of the entire system

4  Conclusion

The article presents a methodology for designing a
management concept for an automated sorting lihes T
concept was refined into a proposal for the arrarage of
sensors and actuators, and control programs weegect
for individual actuators located in the device. AMI
panel with an application for process visualizatemd
device control was also designed. Realized sinarati

The overall view of the simulation is in Figure 48d  showed the suitability of the designed conceptaordrol
can be rotated and zoomed. The control panel aféhize programs.
can also be part of the simulation model of the.lin Simulation proves to be a useful tool in the desifn

The simulation confirmed the suitability of the ska automated processes, where it offers the posyikulit
concept for an automated sorting line. The overalesting the device at an early stage of the dasigrder to
simulation provides a comprehensive idea of theiapa complete the design of the device in detail andifpad
arrangement of the line and provides space foctstral from the point of view of safety and reliabilitgking into
mechanical designs and electrical designs. account the energy point of view [6-14].

Figure 17 Creation of sorting arms
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