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Abgtract: The goal of this work was the design of an edupationodel of a reservoir with water level regulatidhis
educational model is to be used in education ifestdabout regulatory and control systems sugiieas. The device
contains sensors and actuators that can be codnictearious control systems. The application @ thodel will
improve the knowledge and practical skills of sitdevho will train the design of control systemsdcspecific plant.

1 Introduction level is detected using float sensors with a switgh

A graduate of mechatronics studies should hawutput. Based on the information obtained from ¢hes
theoretical knowledge as well as practical expedgn Sensors, the control system can then regulatectivetyof
skills and habits that improve his knowledge level. the pump when filling the water tank (Figure 2)eTiank

Teaching and training the design of control systems also contains a safety outlet in case of failurthefcontrol
quite difficult without the use of practical didacmodels. System to prevent overflow of the tank and uncdietro
Theoretical education without practical devicesdsvery —leakage of water from the system. The system ugesia
illustrative and does not adequately prepare stsdfem PUMP in combination with a non-return valve against

practical tasks that they may encounter in pradfieg].  backflow of water in the supply pipe.
1
Control
system N

\ | | Pump
Sensor H D— ——————

Sensor L

Outlet
valve |

4

Reservoir

Figure 1 The concept of a controlled water tank

This work deals with the design of a didactic rjgye2 practical implementation of a functional model of a
educational model for students' practical exercises water reservoir

Students will thus have a practical space for ttraining

in the design and creation of automated device® wit For practical purposes and the creation of more

control systems. complicated tasks, it is possible to organize titesks into
The proposed concept of the educational facilitg system of tanks with a common control system

(Figure 1) contains a plate formed by a contaweich is  (Figure 3). The design of the control task can thebased

filled with water using a pump so that the wateelén the - on the concept of control of the gradual fillingdividual
tank is maintained between the upper and lowert limi

values. Reaching the upper or lower limit levethaf water
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tanks, and the functional and energy aspects gdrthtdem The proposed model of the system includes a water
can also be solved, as well as safety applicatiskst collector into which water is poured from cylindesB,
C and then the water is distributed to the mainewat
2 Concept design of thetank system reservoir.

The proposed concept (Figure 3) contains threerwate
tanks A, B, C with separate pumps and water lexesars
and an outlet valve. The students' task is to impla
various types of control tasks on this system.

Control

| system - v J
|—‘_ ;' |—.— | . -
Pump Pump| Pump
SensorH T SensorH T SensorH |
------------------ ]
4 ¥ 4 |
A B C - > '
— | )
DIt Outlet -
Outlet . HsensorL ~ HsensorL _‘g‘%’_le
valve
Outlef |
g ‘valve 4
Y
Reservoir

Figure 3 Concept design of the reservoir system

Specific dimensions of the tank in the shape of
cylinders were proposed (Figure 4). For these taibks
possible to express the rate of water outflow ftbemtank

2):
v=./(hy —hy) 29 1)

Whereh; is the height of the water level in the tank and -
h; is the height of the outlet opening from the tank. Figure 5 CAD model of the designed tank system

The transfer of water from tanks A, B, C is realize
using electromagnetic solenoid valves (Figure §ufé 5)
controlled by the control system.

Reed switches for water level detection are planed

the tanks (Figure 6).
8
)
H
g diw Sensor
=
-
1}
9
Sensor L
< f v
Figure 4 Design of tank dimensions A, B, C »
If we consider water as an incompressible fluigntit o’

is possible to write the equation (2):
Figure 6 Float level reed sensors principle

v? p
h+—+—=const (2)
29 pg
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These are switching elements that react to thepoes PLC was created in FBD (Function Block Diagram)
of water by means of a float that switches on bthaf relay  language. For better clarity, individual subprogsaare
contact located in the sensor with a permanent stagrorganized into separate networks. Valve Va is ctlett
(Figure 7). This type of sensor is small and corhpacl by the program (Figure 9) and has the task of drgin

can be used even in aggressive liquids. water into the main tank.
&
Mo 7 %12
d2" —o "Va®
W01 =

"Da" =zt — .
Figure 9 Network for valve A

Pump A pumps water when cylinder A is empty until
the moment when the cylinder is filled up to thepep
sensor (Figure 10).

B

&
Figure 7 Float level reed sensorsinstallation W16 %Q1.7
H1® — “Ca”
The functional diagram with the indication of thater %00 SR
flow and the location of the sensors (Figure 8hesbasis "Ha" —0 3} )
for creating a program for the control system.
>=1
M2.2
L [ . | "H2" —0
T =
‘| FT | : *Ha" w3k —R1 Q—
U ‘I : ,
S l J i Figure 10 Network for pump A
_ Low
}%EX Ly 1*9"’(\3‘%* Analogously, it is possible to create a network for
e e s = il @ (§ valves B, C and pump B, C. Another network is addor
X the collection container (Figure 11).
= J‘ & “B4
%11 “Mixing delay”
— \.ﬁ ) =L 4" — TON
B | W16 Time “@015
= TH1" =05k —_ N %WD3 “Vm®
U 41¢ ET — "Time" SR
T PT Q 5
/ \ »=1
0.6
4 >D< ‘41" —o

- pump - solenoid valve

- mechanical valve - reed water sensor

Figure 8 Location of the tested sensor

—_—R1 Q—

Figure 11 Network for collection container

During the operation of the real device, erroratesl to
I\me operation of the device such as sensors, acgat
stallation, data communication and other problenay

3 Control program
A PLC system consisting of a CPU module and an H
module was selected for controlling. The programtlie
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also occur in the system. For this purpose, in rotde

increase the safety of the device, program codes &% "= ——
designed to detect such error states (Figure 12).
&
W16 %Q2.7
"H1® = "Eh"
%22 =
"H2" =01 — —_—
&
W0 0 w24
"Ha" =— “Ea”
%M0.1 =
‘Da” =0 ¢ — —
Figure 13 Smulation of the operation of this system
&
%02 %025 4  Conclusion
“Hb* — "Eb” A control concept was designed for the defined tdsk
%M0.3 = pumping fluids, which was subsequently tested.
"Db" —0 3} —_ —_ Simulations of the operation of the device confidntke
correctness of the proposed solution. By testind) tie
a help of simulation, conditions were also verified
UM0 4 %026 experimentally, which would not be possible to tsta
"He" — "Ec” real device due to the high risk of damage to yséesn or
W05 = the risk of liquid leaking into the surroundings tbie
*Dc” =0 3t —_— —_ system. The importance of such simulation testieg ih
the early diagnosis of the proposed device, evethet
Figure 12 Program codes for device error states concept design stage, which can significantly fiaté the

design of such a device and save not only timealsatthe
A program was created for the HMI interfacecosts associated with device repair and modifipatio
(Figure 13), where the flow of liquid inside thisgem will  [9-23].
be indicated by changing colors. This interfacé belused
for monitoring the entire system and possibly usdReferences
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