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ABSTRACT: The energy problem is one of the
biggest challenges the world faces. Saving energy
not only helps reduce costs and protect the
environment but also contributes to ensuring energy
security and sustainable development. For the
shrimp farming industry, electricity consumed by
aeration systems accounts for about 80% of the total
energy used by shrimp farms. Statistics from the
shrimp farming industry also show that electricity
costs in shrimp farming currently account for 11 -
14% of the cost. Therefore, saving energy not only
helps reduce costs and protect the environment but
also contributes to ensuring energy security and
sustainable development of each country.

This article studies a new control system
with an acceptable cost but still meets standard
technical requirements. To achieve this, the control
system must renovate and upgrade the motors used
in shrimp farms using inverters to save energy and
control the rotation speed according to the morning,
noon, and afternoon periods. , dark depends on the
amount of oxygen changing during the day as well
as the amount of food the animals eat. In addition,
the controller can be combined with sensors to
create a closed feedback loop according to the
technical process that responds to the oxygen
saturation in the water. The capacity and quantity of
aeration motors can be optimally designed
depending on the area or amount of aquatic animals
raised. In this article, the authors research and apply
industrial inverters to control aeration motors, with
PLC controllers and modern data collection
monitoring systems. This is the premise for research
and application of science and technology in
agriculture.
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I. INTRODUCTION
Recently, there have been a number of
projects and solutions to save electricity
consumption in aquaculture in general and the

shrimp farming industry in particular [1]. The
solutions focus mainly on the power transmission
stage of the Engine - Propeller electric drive system
and the use of alternative energy sources [2] and [3].
Some solutions can be mentioned as follows: One is
the solution to improve the oxygen fan system to
save electricity in aquaculture to improve the drive
shaft of the motor to be coaxial with the rotation
axis of the fan system [4 ] and [5].By applying this
solution, it is calculated that 35-40% of electricity
consumption can be saved. The second solution to
improve efficiency in providing and using electricity
in aquaculture areas and aquaculture lakes is to use a
400V-25uF single-phase condenser connected in
triangle to form a power compensator. 3-phase
power helps reduce power loss, improve the load-
carrying capacity of conductors and the grid, and
improve and enhance voltage quality for loads [6],
[7] and [8]. Third, the solution of researching and
applying energy sources to replace grid electricity in
aquaculture is also mentioned [9] and [10].

However, applying an inverter to control
the aeration pump motor is one of the simple but
highly effective solutions. This solution is not
synchronous but only stops at installation advice
from companies. There are no projects or research
on the efficiency that inverters bring, and there is no
automatic controller to increase or decrease. aeration
motor speed when DO concentration changes [11]
and [12].

The research work of the author group
when completed is a general work that mentions
different control modes allowing users to choose
manual, semi-automatic or fully automatic control
modes. Fully compatible with different forms of
shrimp farming: Intensive, super-intensive or semi-
intensive. The content of the article is divided into 5
parts as follows: After the introduction, there is an
overview of the research content presenting the
aquaculture system and proposing a research model,
part 3 is the circuit design. electricity and system
control programming, part 4 builds the control and
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monitoring interface on the HMI screen, and finally
part 5 concludes.

Il. RESEARCH CONTENT
In aquaculture, the dissolved oxygen

content in water (also known as DO) plays a
cultured

decisive role in the development of

animals. Two common methods are providing
oxygen through enhancing the water-air contact
surface on the water surface and using a compressor
to blow air into the underwater pipeline system as
shown in Figure 1 and Figure 2

a) Pump-aerator

SOME TYPES OF AIR BLOWERS WITH COMPRESSORS

a) Mechanical aerator

TYPES OF WATER SURFACE AERATORS
Design a power supply system for the
mains motor combined with a solar energy system
with conversion through the ATS. The operating
principle of a fully automatic system is essential for
aquaculture ponds, especially high-density shrimp
farms. In case of a power outage, farmers do not

b)

Paddle wheel aerator

know how to start the backup aeration system,
affecting quality, productivity and financial loss.
The power supply system described in the drawing
below ensures that the power supply is continuously
maintained. When the grid power is lost, the backup
power source will start, continuously supplying
power to the aeration system.
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POWER SUPPLY SYSTEM MODEL

The control system flexibly uses control
modes to suit the needs of the owner. Using a

system with three flexible modes as above is
necessary to ensure safety in aquaculture.

MODE 3

MODE 1
(CONTROL BY HAND)

(CONTROL OVER TIME)

CONTROLLED BY DO
CONCENTRATION)

3 _

CONTROL SYSTEM ‘

¥ N INVERTER

¢

|

AERATION MOTOR
OXY FAN

MODEL OF PROPOSED CONTROL MODES

Design a monitoring and control system
using an inverter to control aeration motors for
aquaculture lagoons. The smart monitoring system
targets parameters that need to be monitored such
as pH, salinity, clarity, temperature... through
corresponding sensors. These parameters will be
displayed as warnings via the Web Server to help
farmers take proactive measures to use specialized

technical measures to restore water parameters to
meet technical requirements. The monitoring
system focuses on three main elements: one is
transmitting  wireless sensor signals to the
controller through a wireless transmitter; second is
on-site monitoring via HMI screen; Third is remote
monitoring via Web server.

7
MONITORING VIA WIRELESS / N
“RVE : Gt {SENS
‘ WEB SERVER ‘ ™ TRANSMITTER 1 [ O]
> I
P
i WIRELESS | z{l-\sok\’,
o Dpareane S ] 2
PLC , Nk //
CONTROLLER™ SIGNAL —
i e A~
[ RRERIYED: L WIRELESS o [SENSOR 3
TRANSMITTER 3 \ /
1
[ E | —.
ON-SITE CONTROL AND) . WIRELESS | s \
MONITORING TRANSMITTER 4 BENSOR .'

INTELLIGENT CONTROL AND MONITORING SYSTEM
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Fabrication and assembly of aeration
motor controllers to save energy are carried out
according to the technological process of single
production to serve as a basis for evaluating and

Device statistics table:

selecting the necessary equipment to assemble the
system. Motor control: Choose inverter, choose
sensor, choose control communication method...
perfect technology towards mass production.

Device Describe Unit Quantity
1 Sensor DO PCS 1
2 Domino Size 1Imm Set 10
3 Role 24V DC PCS 6
4 Contactor MC50-100A LS PCS 1
5 Indicator light 220V Yellow light + Blue light PCS 8
6 Indicator light with horn 22 220V | - PCS 1
7 Emergency stop - PCS 1
8 2-mode rotary button - PCS 1
9 Aptomat 50 A PCS 2
10 Power 24V PCS 1
11 PLC S7-1200 CPU1212DC/DC/DC PCS 1
12 HMI screen PCS 1
13 3 Phase Motor 2,2 KW PCS 1
14 Inverter Set 1

I1l. CIRCUIT DESIGN AND CONTROL PROGRAMMING
TN MAN ;
™ |
INVERTER
B | A
C W] \ v AL AD AvS TA TR Ty
LO.‘\I)‘ TIMER 4 nL_24M
[ — T L] ] 9| i;ﬁ uJ 1
4-}1 I

CIRCUIT DIAGRAM POWERING THE SYSTEM

A
ROLE, PLC

Close Aptomat A and B supply 220 VAC
AC power to the ATS converter. The inverter will
be supplied with 220VAC input, 380VAC output
voltage.KM1 will be supplied with 380VVAC power
from the inverter to start the PUMP 1 aeration
pump and at the same time the converter supplies
24VDC DC power to the PLC controller.

When the button switches mode to
MANUAL, the suction coil RL_MANUAL has
power, the contacts flip state, the normally open
contact RL_MANUAL (11-7) closes so that
220VAC power is supplied to pins 1,2 of
TIMER24H. When TIMER24H is turned on, pins 3
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The PLC input will be connected to the
start and stop push button signals, the PLC's
24VDC source is supplied to the DO sensor. The
signal pin of the DO sensor will be sent to pin 0 of
ANALOGINPUTS. When there is an input signal,
the PLC will output the output signal according to

o

e

the control program. The PLC output will be
connected to the intermediate Role RL1. This role
plays an intermediate role in opening and closing
RL_RL1 (9-5) to control suction coil K1 according
to the PLC signal.
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CONTROL CIRCUIT DIAGRAM AND INTERMEDIATE RELAY

DOI: 10.35629/5252-0606216225

[Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal

Page 220



\ﬁ\ International Journal of Advances in Engineering and Management (IJAEM)

? Volume 6, Issue 06 June 2024, pp: 216-225 www.ijaem.net ISSN: 2395-5252
IJAEM

When the button switches mode to Auto, contact RL_AUTO (9-1) will open to ensure the
the suction coil RL_AUTO has power, the system starts in Auto mode.
RL_AUTO contacts flip, the normally closed

Control program based on DO coscentration
Begin
i Setup HMI ; /i Real-time input

Acmation pump at highest
pead

Tum ¢m the warnumg signal Controliad by inverses
frequency 0 - S0 Hz
N
Resd DO semsor pursencoery
Acration pestip according %
Real-time reading Sctup timer 24h P S Stop the DO seration pump

Turn off the warning signal

Signal of DO concentration Manual pump control
End
N
Automatic pump control Manual inverter control

MAIN PROGRAM EXPLANATION CONTROL PROGRAM ALGORITHM

Input and output planning table:

Input

10.0 Auto button

10.1 Stop button

Al 0 Analog input
Output

Q0.0 Run Inverter

Q0.1 Start indicator light
Q0.2 Stop indicator light
AQO Analog output
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IV. RESEARCH, MONITOR AND TEST
THE SYSTEM

SK Tool is software that helps

programmers design SamKool HMI screen

interfaces on computers. Then, download the

A SEGMENT OF THE S7 1200 PLC CONTROL PROGRAM

Conrvovannt

designed program from the PC to the SamKool
HMI for operation. In addition, SK Tool also
allows importing data available on SamKool HMI
to the computer for editing or importing from
another project.

— Author:
}%. L BUIVAN ANH - HAI PHONG UNIVERSITY

PROJECT: DESIGN OF AERATION CONTROLSYSTEM
INAQUACULTURE

2. 10 QUOC TUAN - HAI PHONG UNIVERSITY
3, VUVAN QUANG - HATPHONG UNIVERS Y
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HMI SCREEN FOR INPUT AND OUTPUT SETTINGS

V. CONCLUSIONS

This article proposes a fully automatic
system to control the aeration system in
aquaculture to perform 24/7 monitoring to ensure
the best conditions for the growth of farmed
shrimp, helping to reduce costs. electricity and
labor in the aquaculture process. Practical
application brings many practical benefits to
owners in terms of both value and brand to check
and adjust technical parameters and evaluate the
effectiveness of the project.
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