ACTA MECHATRONICA

2024 Volume 9 Issue 3

QOO0 O0

$©
£
«
9
aé
Jav

International Scientific Journal about Mechatronics

electronic journal
ISSN 2453-7306




c}°° Acta Mechatronica - International Scientific Journal8

M CONTENTS

e’)ov

Volume: 9 2024 Issue: 3 ISSN 2453-7306

»e chatr,

CONTENTS
(SEPTEMBER 2024)

(pages 15-20)
Conceptual design of control system for component sorting
Oleksandr Postrygan

(pages 21-26)
Wheeled robot for rough terrain
Branislav Uljan, Michal Kelemen

Copyright © Acta Mechatronica, www.actamechatronica.eu


http://www.actamechatronica.eu/
https://actamechatronica.eu/issues/2024/III_2024_02_Uljan_Kelemen.pdf
https://actamechatronica.eu/issues/2024/III_2024_02_Uljan_Kelemen.pdf
https://actamechatronica.eu/issues/2024/III_2024_02_Uljan_Kelemen.pdf
https://actamechatronica.eu/issues/2024/III_2024_01_Postrygan.pdf
https://actamechatronica.eu/issues/2024/III_2024_01_Postrygan.pdf
https://actamechatronica.eu/issues/2024/III_2024_01_Postrygan.pdf

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

Conceptual design of control system for component sorting
Oleksandr Postrygan

https://doi.org/doi: 10.22306/am.v9i3.115 Received: 07 Aug. 2024
Revised: 29 Aug. 2024
Accepted: 14 Sep. 2024

Conceptual design of control system for component sorting

Oleksandr Postrygan
ATS Automation Tooling Systems Inc., 730 Fountain Street North, Building #2, Cambridge, Ontario, Canada,
oleksandr.postrygan@gmail.com

Keywords: conveyor, controlling, simulation, sorting.

Abstract: This article deals with the conceptual design of the control system for a line intended for sorting products. It is
an automated workplace with sensor differentiation of products and subsequent separation. The preliminary arrangement
of the workplace and the placement of sensors and actuators is proposed. Control networks for the control system 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 information from
production line for sorting and transporting products ithe sensors for detecting the material of the product, and
crates to their final destination. This is a model situatioaccordingly the products are moved to the next appropriate

created for educational purposes. The creation of sugfnveyor (Figure 2).
models is a suitable tool for training technicians and
operators of production lines [1-5].

The system includes, from the sorting conveyor, two
paths of transport conveyors for the transport of sorted
products. The products are then transported to the end of
the conveyor where they are moved by gravity into the
crate, which is placed on another conveyor located lower

The concept of this production line (Figure 1) consistdy the height of the crate (Figure 1). The sensor detects the
of five connected conveyors. The first conveyor containsadual collection of products into the crate, and after
sorting station with two linear actuators for moving th&ounting the desired number of products, the crate with the
product to the next conveyor (Figure 2). The sorting arffoducts is set in motion by means of a conveyor and

.

Figure 1 Sorting line concept with conveyors '
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transported to the destination zone. From these conveyo _'%‘-_’" r\
the parts crates are then taken to the next part of tl L

production process.

For the purposes of the design of the control system a(rl
the program, a logistic scheme with the placement Cggm
sensors and actuators was designed (Figure 4). '

The next part of the article describes the design of th .| =
control program for the PLC system, which will be thej E—
control system for this proposed sorting system (Figure 3 ! / -

R
- 5 % =

Figure 3 Storing prbdu&sin atranspbrt 'box
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Figure 4 Schematic of the placement of sensors and actuators

2 Control program proposal IndS1. The control program for motor M2 (Figure 7) is
All programs for the PLC system are designed in FBBompiled using a timer block and is started using
(Function Block Diagram) language. The control progrartiformation from the Optics2 sensor. The control program
for the motor M1 is designed in Figure 5 and is solvef9r the sorting arm (Figure 8) is similarly solved using a
using a flip-flop SR block. The control program for the firstimer block triggered by information from the CapS1
sorting arm (Figure 6) is solved using the timer block angensor. The control program for the M3 motor (Figure 9) is
is connected to the Corresponding sensor of the prodwrted by the timer block connected to the OpthS3 sensor.
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Figure 5 Control diagramfor motor M1 Figure 9 Control programfor motor M3
%81 The control program for motor M4 and motor M5
"IEC_Timer_0_DE" (Figure 10 and Figure 11) is solved using the counter block
™ connected to sensors IndS3 and IndS5.
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r.:e } The HMI (Human Machine Interface) interface
Wi (Figure 12) is designed for a 7" TFT color display. The
%0 .4 HandM2F ST o .
“CapS1® — IN = _ movements of individual products are indicated using
T8 450M5 — pT Q = motion animation. The counting of individual products is
displayed in a text window. The display also has buttons
Figure 8 Control programfor 2 sorting arm for starting and stopping the entire system, as well as
buttons for manual control of the device. Product sensors
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are highlighted in color at the moment the product idiagram, it is also possible to simulate an HMI application
detected on the conveyor. that is linked to the function of the FBD diagram.

FALSE
WMB.
“Stop_HM® =2

Figure 12 HMI design

3 Simulation

An essential part of the design of the control program
and application for HMI is the simulation of the entire
production process (Figure 13, Figure 14, Figure 15). This
is a very important part because almost all the flaws anc
weaknesses of the design will be covered here. At the sarr
time, the simulation will show the measures that need to b
taken during the actual design of the mechanical anc
electrical parts.

Figure 15 Smulation of transport abortion of part on coeyor

However, these simulation results are often
incomprehensible to the customer, and it is more
appropriate to add a visualization in a 3D environment to
the simulations (Figure 16, Figure 17, Figure 18,
Figure 19), where it is possible to see the movement of the
products in real time and thus it is also possible to test the
timing individual operations. In Figure 16 shows the
arrangement of the sensors and in figure 17 the proposed
arrangement of the sorting arms is shown. The collection
of products into the box and the transport of the box with
the product is shown in the simulations in Figure 18.

Figure 13 Smulation of metal part transport

In the simulation, it is indicated by color which parts
are active with a logical value of 1 and which parts are with
a logical value of 0. Along with the simulation of the block

~18 ~
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Figure 19 Smulation of the entire system

4  Concluson

The article presents a methodology for designing a
management concept for an automated sorting line. This
concept was refined into a proposal for the arrangement of
sensors and actuators, and control programs were created
for individual actuators located in the device. An HMI
panel with an application for process visualization and
device control was also designed. Realized simulations

The overall view of the simulation is in Figure 19 anghowed the suitability of the designed concept and control
can be rotated and zoomed. The control panel of the devim@grams.
can also be part of the simulation model of the line. Simulation proves to be a useful tool in the design of

The simulation confirmed the suitability of the chosemmutomated processes, where it offers the possibility of
concept for an automated sorting line. The overaiesting the device at an early stage of the design in order to
simulation provides a comprehensive idea of the spatiedmplete the design of the device in detail and modify it
arrangement of the line and provides space for structufedm the point of view of safety and reliability, taking into
mechanical designs and electrical designs. account the energy point of view [6-14].

e —

Figure 17 Creation of sorting arms
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Abstract: The article deals with the design of a robot chassis intended for movement on uneven terrain. The chassis is
composed of a front part with two parallel arranged wheels and two tiltable parts with serially placed wheels. This concept
adapts to uneven ground surfaces.

1 Introduction The robot with adjustable chassis height (Figure 2)

Wheeled chassis intended for movement in ruggeddready offers better characteristics when driving uneven
terrain have rigid suspension chassis that only partiaff§rain, but its stability when moving is worse, and the
compensate for surface irregularities. The use of such tyggaction of this chassis is also insufficient for overcoming
of chassis is often excluded, as they are able to overcoffistacles larger than the wheel radius.
obstacles only up to one third of the wheel diameter. In A new suitable solution would be to design a chassis
order to overcome dimensiona”y |arger Obstac|e§\!ith Six Whee_ls with muItipIe jOiﬂtS for better adaptation to
unnecessarily large wheels must be used, whi¢iieven terrain.
unnecessarily increases the dimensions of the chassis and
makes itimpossible to apply the chassis in confined spaces.
The use of unnecessarily large and heavy chassis also
means increased energy requirements for the operation of
such a chassis.

Figure 2 Arobot with an adjustable chassis height

2 Control system design

; , This wheeled robot (Figure 3) is intended for
>, movement on rugged terrain, while the designed
arrangement allows overcoming obstacles with a height
corresponding to the size of the chassis wheel diameter.
h a regular four-wheel chassis, this height is only about

7

h alongitudinally divided chassis

s
Figure 1 Wheeled robot wit
Previously designed mobile robots adapt well /1t

uneven terrain, but in some cases the obstacle cIearanc%ﬁ 'r# to half the ds'zg (:f the whteeII:_dlame?fer. o dri
insufficient and the robots cannot develop sufficient is proposed robot concept (Figure 3) uses six driven

traction to overcome uneven terrain (Figure 1, Figure 2).Wheels for its movement with separate motors for each

The design of a wheeled robot with a Iongitudinall;}"’heel‘ Two pairs of wheels on both sides of the chassis are

divided chassis (Figure 1) seems to be a good solution, 5ced on the left and right swing arm, so that the wheels

experiments have shown that this chassis concept ellow the terrain as best as possible during the movement

unsuitable for obstacles larger than the radius of the robdt sthe chassis. This ensures that the wh_eels are in contact
wheel with the ground even on uneven terrain, thus ensuring

maximum traction and the ability to overcome obstacles.
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The essence of this robot consists in the fact that the
chassis contains one pair of wheels on shafts with bearings
and bearing housings firmly connected to the chassis frame
and two pairs of wheels on the sides of the chassis, whose
bearings with bearing housings are fixed on swinging arms.

The advantage of this robot lies in the fact that this
arrangement makes the chassis adaptable to uneven terrain
and thus achieves a better contact of the wheels with the
terrain, which ensures better traction of the chassis and
drivability of the terrain.

In addition, this chassis can be reconfigured if
necessary, i.e. changed from a six-wheeled to a four-
wheeled one.

The designed robot (Figure 3) contains six wheels (1),
(2) and a frame (4) with swinging arms (5). In the front
part, the frame (4) has wheels (1) on both sides attached to
the shafts and stored in bearings with bearing housings (3).
In the rear part of the frame (4), in the bearing housings (6),
swinging arms (5) are placed on both sides, on which are
placed two wheels (2) fixed on the shafts in bearings and
bearing housings (3). The rotation of all wheels is ensured
by a separate motor with a gearbox and clutch (7) for each
wheel (1), (2) separately. Swinging arms (5) with wheels
(2) rotate freely in the bearing housing (6) according to
terrain irregularities. The swinging arms (5) can also be
tited using a motor with a lever mechanism for
reconfiguration (8). By tilting the swinging arms (5), it is
possible to reconfigure the chassis from a six-wheeled to a
four-wheeled one, in which it can move on flat terrain
without obstacles in a more energy-efficient mode. In the
case of uneven terrain, it is possible to reconfigure the
chassis to a six-wheeled one using the engine with a lever
mechanism (8), which better copies the uneven terrain and
thus achieves better traction. The module with electronics
(9), accumulators (10) and handling superstructure (11) are
located in the upper part of the frame (4).

3 Simulation of crossing an obstaclethe

size of a wheel
With a suitable distribution of weight on all wheels, a
chassis with this concept should be able to overcome
1 - Wheel stored in the frame; 2 — Wheel stored in swinging arm; 3 gpstacles with a height corresponding to the size of the
4 — Frame: SS_hg\ffvi‘a’gha?ri?gn_ggggﬁ%ﬂg%ggﬁ;'g?swmg arm: 7 Wheel diameter, such as a curb. With a regular four-wheel
Engine with gearbox and clutch for wheel drive; 8 — Engine with leverchassis, this height is only about a third to half the size of

mechanism for chassis reconfiguration; 9 — Module with electronics; 1the wheel diameter.
— Accumulators; 11 — Handling superstructure
Figure 3 Robot concept for rough terrain

The chassis of this robot (Figure 3) also has the ability
to reconfigure from a six-wheeled chassis to a four-
wheeled chassis. For this reconfiguration, an engine is Figure 4 The shape and size of the obstacle
placed to realize the reconfiguration of the chassis with a
lever gear. Reconfiguration to a four-wheel chassis is more For these purposes, a simple chassis model with such a
advantageous when moving on terrain without obstaclesncept was built in the simulation program based on the
and thus it is possible to turn off the motors of unusednematic diagram and simulated when passing such an
wheels and thus save energy in the accumulators, whighstacle.
makes it possible to increase the range of the chassis.
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Figure 5 Phases of the robot crossing an obstacle

Volume: 9 2024 Issue: 3 Pages: 21-26 ISSN 2453-7306

The chassis of the robot overcomes the obstacle in such
a way that each axle overcomes it individually.

4 Design of robot chassisdrives
An approximate calculation (1) was used for the design
of the robot chassis drives:

F.op = MY O Cosy +sina +SG9) 1)

Where:

- mis the weight of the robot, we assume a total weight of
6kg with a load capacity of 2kg

- g - gravitational constant

- u - traction coefficient of friction

- a - the maximum slope of the terrain, considered is 30°

- a - chassis acceleration

- R - wheel radius, resulting from the selected wheels

- v - coefficient of rotational resistance

- Jc - total moment of inertia of all parts needed for later
calculation

- ky - safety coefficient

It is possible to determine the approximate movement
speed of the robot for the selected drive (2):

(1 MlijTIIER ()
M

5 Chassisreconfiguration mechanism

When moving the chassis, it may be advantageous to
raise the wheels of the middle axle so that they do not
contact the ground. This is how we get a four-wheel chassis
with a rigid frame. We can prevent free rotation of the
arms, slightly raise the action superstructure, turn off the
motors of these wheels and thus save energy.

When designing the mechanism, an effort was made to
minimize the consumption of the motor used for
reconfiguration when the axle is raised. There was also an
effort to ensure that the arm could tilt freely as it is in the
original concept of the chassis, and only in the case of lift,
this rotation was blocked (Figure 6).

Figure 6 Reconfiguration lever mechanism
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Mael e brincel 5

The mechanism is based on two levers. One of thez == ...
(green) is driven by a motor. This lever has two position™™""
Turning it also turns the second lever (blue). In this secol
position, when the moment is applied to the second lew
the force of the drive motor is not needed, since the for
transmitted to the first lever passes through the axis of
rotation and thus acts only as a radial force (Figure

Figure 8).
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Figure 10 Calculated defor mations on the shaft

The frame (Figure 11) is composed of aluminium alloy
profiles. The wheel shafts as well as the swing arm shaft
are made of steel. The material of the bearing houses is an
aluminium alloy. The wheels are fixed on the shaft with a
nut. The control of stresses and deformations is in
Figure 12.

Figure 7 Congtruction of the reconfiguration mechanism

Figure 11 The designed chassis frame of the robot
()
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Figure 8 Reconfiguration of the robot chassis
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The designed wheel bearing shaft was dimensioned and
checked using the Finite Element Method. Stresses are
reduced according to the Mises theory of strength
(Figure 9, Figure 10).
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Figure 12 Stresses and deformations of the robot chassis frame

Figure 9 Calculated stresses on the shaft
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The designed swinging arm was loaded with th§ Conclusion
estimated force during the simulations and the stresses andThe article discussed the design of a mobile robotic

strains were determined (Figure 13).
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chassis that better overcomes locomotion over uneven
terrain and is able to overcome obstacles even higher than
the size of the wheels, even without increasing the height
of the robot chassis and increasing the height of the center
of gravity. The proposed solution is even redundant and
reconfigurable because it contains an additional degree of
freedom in the chassis for modification of the chassis or
improvement of maneuverability when overcoming
obstacles.

A similar approach to improving the properties of
products can also be applied in other areas where
innovation and the addition of new functions to existing
products is needed.
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