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IMPROVE POWER PLANT CONTROL QUALITY TO STABILIZE

THE GRID SYSTEM

NANG CAO CHAT LUGNG BIEU KHIEN NHA MAY DIEN DE GN DINH HE THONG LUGI DIEN

ABSTRACT

This paper presents the power plant systems in Vietnam, when making connections between the plants
and the national grid system, the paper introduces the current conventional power source and control
method. and since then build intelligent control method and apply it in practice today.

Intelligent control has shown ways to design controllers and apply soft computing tools as well as
newly applied algorithms. With increasingly high technical requirements, the grid's backup is getting
smaller and smaller and the grid system is expected to be flexible and intelligent to meet the increasing
requirements of automation, especially the power industry is prioritizing. digital transformation in the
power plant system with the Internet of Things (loT) and using artificial intelligence (Al) to apply it to
production practices and improve operational efficiency and labor productivity, creating high economic
value for the electricity industry and the country. Currently, intelligent control is being interested by
scientists and businesses, wishing to apply technology and be at the forefront of technology and modernize
the production process of enterprises.

In this paper, the grid stability control problem is presented through the design of the ANN-MPC
controller to control hydro turbines, in which the simulation results are compared with the obtained results.
from the ANN-MPC controller and compare with the PID controller.

Keywords: PID control, MPC predictive control, artificial neural network, load frequency, hydroelectric
control.

TOM TAT

Bai bdo nay trinh bay vé cic hé thong nha méy dién & Viét Nam, khi thuc hién cic két noi gilta cac nha
méy véi hé thong ludi dién Quéc gia, bai bdo da gidi thiéu vé cdc ngudn dién va phuong phap diéu khién
thong thuding tir do xay dung phuang phap diéu khién thong minh va dp dung vao thuc té hién nay.

Diéu khién thong minh da chi ra duoc céc cach thiét ké cac bo diéu khién va (ng dung cac cong cu tinh
todn mém cling nhu cac thudt todn mdi dugc ap dung. Vi cic yéu cau ky thudt ngay cang cao, cong sudt du
phong clia ludi dién ngay cang nhd va mong mudn hé thdng ludi dién phai linh hoat va thong minh dap ting
dugc yéu cau tu dong hda ngay cang cao, ddc biét nganh dién dang uu tién chuyén ddi s6 trong hé thdng
nha méy dién véi ludi dién dugc két ndi van vat (loT) va st dung tri tué nhan tao (Al) d€ ap dung cho thuc
tién san xudt va ndng cao hiéu qua hoat dong va nang suat lao ddng, tao ra gid tri kinh té cao cho nganh
dién va dét nudc. Hién nay diéu khién thong minh dang duoc cdc nha khoa hoc va doanh nghiép quan tam,
mong mudn ap dung cong nghé va di dau cong nghé, hién dai hoa qua trinh san xudt ctia doanh nghiép.

Trong bai bdo nay, bai toan diéu khién on dinh ludi dién dugc trinh bay thong qua viéc thiét ké bo diéu
khién ANN-MPC d€ diéu khién tua bin thiy dién, trong d6 cac két qua mé phdng duac so sanh véi két qua
thu dugc tir b diéu khién ANN-MPC va so sénh vdi bd diéu khién PID.

Tir khéa: Diéu khién PID, diéu khién du bdo MPC, mang naron nhdn tao, tdn s6 tdi, diéu khién thiy dién.
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1. INTRODUCTION

Vietnam's electricity system has a
number of power plants such as;
hydroelectricity, thermal power, solar
power, wind power, nuclear power,
etc. To supply electricity to households
consuming loads. The generation and
supply of electricity to the grid
continuously fluctuates, leading to
fluctuations in the capacity and
frequency on the grid. Stabilizing the
power and frequency on the grid is a
very important and necessary issue
needed to improve power quality.
Many scientists and researchers on
control systems of power plants have
also been published.

The intelligent controller
presented in [1] shows how to design
optimal controllers and algorithms. In
[3] gives the power generation
standards for hydroelectric and
thermal power plants. In [4 - 6], the
design of a small hydro turbine
controller is given. In [7 - 9], regional
linkage hydroelectricity was designed
and basically solved the quality of
regional link control. In [10] set the
parameters of the PID controller for
hydroelectric turbines. In [12 - 14], a
mathematical model of a region-
linked hydroelectric turbine is given.
In [15 - 16], neural networks and fuzzy
logic are used to design a hydro
turbine controller.

Intelligent control has introduced
methods to design and apply fuzzy

controllers and artificial neural
networks,  genetic  optimization
algorithms GA, PSO [1].

Improving the quality of the
power system is a very important and
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necessary job, if the system is unstable, it will lead to power
loss, poor power quality and instability when the grid
power and frequency change. change, if the power control
system does not participate in fast and optimal control, it
will lead to instability and potential grid failure. grid failure
is very dangerous for the national grid out. Therefore,
research to improve the quality of the power grid system is
always encouraged and expected.

In this report, the authors present the design of the
MPC-ANN controller to control the speed of hydroelectric
turbines, thereby comparing the PID controller with the
MPC-ANN controller to choose the best controller. can be
applied to the reality of the power plant.

2. POWER FACTORY MODEL
2.1. Hydropower plants

Introduction to hydropower plants: Hydroelectricity is a
source of electricity generated by converting energy from
water in the form of potential energy into mechanical
energy to rotate turbines - generators to generate
electricity to supply loads. However, during the operation
of the load, there are always fluctuations such as: power
grid failure, change in capacity, frequency and working
mode of the unit and load leading to instability of the
power system.

The task of the hydroelectric power plant is to use the
energy of the water flow to rotate the turbine, rigidly
connect the turbine shaft to the generator and make the
generator crank and generate electricity (Figure 1).

Figure 1. Hydroelectric power plant
2.2, Thermal power plants

Introduction to thermal power plants: General working
principle of thermal power plants using backpressure
turbines: Water is pumped from the reservoir to the boiler.
The steam coming out of the boiler is saturated steam, and
it is further heated by the heater into superheated steam
and fed to the turbine which turns the generator. In
addition to running the generator, the plant uses a
counterpressure turbine to run the heat load. The steam
after being used to run the heat load is also condensed by
the condenser and pumped back to the storage tank. Then
from the tank that has not been filled with water, it is
pumped to the boiler, continuing the process of generating
steam, feeding it to the turbine and running the generator.
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2.3. Solar power plant

Introduction to solar power plants: Solar power is
electricity converted from sunlight through solar panels.
Based on the photoelectric effect of the semiconductors
inside the solar panels, thereby converting the sun's light
energy into electricity to provide for human activities and
production, which is shown in (Figure 3).

Figure 3. Solar power plant

2.4. Wind power plant

Introduction to wind power plants: When the wind hits
the propeller, the propeller starts to rotate. The turbine
rotor is connected to a high-speed gearbox. The gearbox
transforms the rotation of the rotor from low speed to high
speed. The high speed shaft from the gearbox is coupled to
the rotor of the generator and thus the generator

Figure 4. Wind power plant
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Comment: With distributed energy sources capable of
participating in the generation of electricity into the
National Grid, it will add a significant amount of capacity,
increasing the storage capacity and increasing the
reliability and safety of the grid. electricity to reduce the
selling price of electricity. However, when there are many
distributed energy sources participating in the national
grid system, it will lead to great fluctuations and instability
in the power grid. Because the power supply sources are
unstable, depending on time, coal mining raw materials,
imports, seasonal weather, etc. Therefore, stabilizing power
and grid frequency is always an urgent requirement
Researchers as well as professionals are very interested and
have used methods to keep power and frequency stable to
increase power output, a method to participate in the
quality improvement process.

That power is a method of stably controlling the
generating capacity of plants when the load changes.
However, this method has also been of interest to
researchers and businesses and the power industry.

However, with increasing requirements, the limit of
capacity reserve on the grid is getting smaller and smaller,
so the power industry always requires to improve reliability,
safety and flexible and intelligent control for the process
electricity generation.

Power plants when adjusting the generating capacity
through adjusting the generator turbine and changing the
generating capacity. Currently, the control system of
hydroelectric and thermal power plants is using traditional
PID controller, this method has also solved the basic
problem in production. However, with increasing
requirements, requiring a reliable, safe, flexible and
intelligent power grid to meet the increasing requirements
of automation, intelligent control methods are applied to
the control process. Turbine speed regulation is very
important and necessary.

3. DESIGN OF FORMAT CONTROLLER MPC

The software tool MATLAB/simulink is the simulation
result of the MPC-ANN controller which is better than the
PID controller, when replacing the PID controller with the
MPC-ANN controller

The application of MPC in power system has achieved
good results recently. Usually MPC when integrated with
ANN.

NN Fradictwe Conmoler

Freguency Changes

HYDRO TURBINE.,

Figure 5. MPC-ANN control for hydroelectric generator turbine
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Model ANN-MPC controller to control turbine turbine
generator (Figure 5).

- Simulation on matlab simulink software (figure 6).
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Figure 6. System simulation diagram objective function

j= }(|Af(t)|+|AP(t)|)dt - min
0

Train the ANN-MPC controller. This is the final step to
complete the ANN-based controller (Figure 7).
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Figure 7. Neural network training data
4. SIMULATION RESULTS

When we change the load according to the load graph
(Figure 8), the output response is obtained (Figure 9). We
can observe between two controllers PID and MPC-ANN.
On the chart, it can be seen that the control quality of MPC-
ANN controller has much better quality such as small over-
adjustment, small static error, faster steady-state mode
than traditional PID controller.
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Figure 8. When the load changes
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Figure 9. Output response
5. CONCLUSION

This report presents the problem of controlling
hydroelectric turbines with a better quality ANN-MPC
controller to replace the traditional PID controller. When
the load change leads to a change in the grid frequency, in
order to reduce the frequency deviation, the grid speed
(frequency) feedback signal has been sent to the speed
regulator to stabilize the turbine speed and frequency, grid
number.

The next development direction of the report is to
optimize multitasking and create a new intelligent
controller to apply to the reality of factories.
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