
MINISTRY OF EDUCATION AND TRAINING 

HANOI UNIVERSITY OF MINING AND GEOLOGY 
 

 

 

 

 

NGUYEN CONG CUONG 

 

 

 

 

 

 

 

RESEARCH ON SOLUTIONS TO IMPROVE POWER 

QUALITY OF DISTRIBUTION GRIDS CONNECTED TO 

WIND POWER SOURCES  

USING ASYNCHRONOUS MACHNES 
 

 

 

 

 

SUMMARY OF THESIS DOCTOR OF TECHNICAL 
 

 

 

 

 

Major: Electrical Engineering 

Code No: 9520201 

 

 

 

 

 

HaNoi – 2022



 
  

The project was completed at: Department of Electrification,  

Faculty Mechanical and Electrical, 

Hanoi University of Mining and Geology 

   

 

 

  

 Advisors: 1. Assoc. Prof. Dr. Nguyen Anh Nghia                                                    

                     2. Assoc. Prof. Dr. Trinh Trong Chuong  

 

 

 

 

Reviewer 1: Prof. Dr. Than Ngoc Hoan 

                  THUYLOI UNIVERSITY 

Reviewer 2: Assoc. Prof. Dr. Vo Quang Lap 

                  THAINGUYEN UNIVERSITY OF TECHNOLOGY 

Reviewer 3: Assoc. Prof. Dr. Bui Dinh Tieu 

                    HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY 

     

 

 

 

The thesis is defended before the School-level Thesis Evaluation Council 

at Hanoi University of Mining and Geology 

 

                               …. ……..th, 2022 

 

 

 

Thesis can be found at the library: 

       National Library, Hanoi  

                 Library of the University of Mining - Geology 



1 
 

INTRODUCTION 

The reason for choosing the topic 

In the condition that fossil energy sources are increasingly depleted, the 

whole world is moving towards using clean energy sources, in which wind 

power is considered as one of the sources of great potential in our country, 

with the increading in number and scale of capacity. With wind power 

sources, currently the most commonly used electrical machine technology is 

the doubly fed induction generator (DFIG). Because in the process of 

operation, these machines have proven their effectiveness both economically 

and technically. However, with the peculiarity of dependence on wind speed 

and complexity in the control process, in many cases wind generators may 

fall into an unstable working state, leading to failure to operate maximize the 

capacity of the generator, and at the same time affect the power quality of the 

local load. 

This is also the reason why the author chose the topic, “Research on 

solutions to improve the power quality of distribution grids connected to wind 

power using asynchronous machines”. 

The thesis will mainly refer to proposing solutions to improve the control 

quality of wind generators in orders to improve the power quality for the 

system, especially the power quality at the point common coupling (PCC) 

where local loads are connected in the distribution grid.  

Purpose of the thesis 

- Building a control structure for wind generators DFIG working with the 

grid based on describing the mathematical relationship between controller 

parameters and DFIG machine parameters; 

- Proposing the application of an intelligent algorithm to optimize the PI 

controller parameters to improve control quality, contributing to improving 

power quality. 

- Assess the steady state of the system by checking the response of control 

parameters to power quality criteria. 

Scientific and practical significance of the thesis 

- Scientific significance: 

Successfully budilding and applying an algorithm to select the optimal 

parameter of the controller is an effective new contribution in the control 

process of wind generators. This also opens up a new direction in some other 

power optimization problems such as solar power, thermal power… 

- Practical significance: 

The research results are directly applied to control wind generators in 
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general and double fed induction generator in particular. The results of the 

thesis can also serve as a reference for the agencies managing and operating 

the power grid and operating wind power sources. 

Research subjects 

Back-to-back power converters in doubly fed induction generator. 

Research scope 

The thesis focuses on DFIG machines with a capacity from a few kW to 

MW connected to the distribution grid. 

Research methods 

To accomplish the above content, the thesis uses the following research 

methods: 

- Methods of analysis, synthesis of research on general issues of 

research content. 

- Using analysis, comparision and simulation methods to verify the 

correctness of the proposed algorithm. 

- Simulation method is used in evaluating the stable working state of 

the system. 

Expected results of the project 

Describe the mathematical relationship between controller parameters 

and machine parameters, as a premise to build structure and selects control 

parameters. 

The thesis is a scientific work that has successfully applied the chemical 

reaction optimization algorithm (CRO), selected a set of control parameters 

in the converter of a doubly fed induction generator. 

Thesis structure 

Introduction: 

Chapter 1: Research problem overview 

Chapter 2: Double fed induction generator model 

Chapter 3: Building a control algorithm for a double fed induction 

generator. 

Chapter 4: Simulation and evaluation of the operating mode of wind 

power in the distribution grid. 

Conclusions and recommendations. 

Chapter 1: RESEARCH PROBLEM OVERVIEW 

1.1 Overview of wind energy 

1.1.1 Current status of wind energy development in the world 

Total installed wind power worldwide by the end of 2019 has reached 

about 650,8 GW[27]. Currently, the total capacity of all wind generators 
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worldwide reaches 744GW, enough to generate 7% of the world’s electricity 

demand, detailed in Figure 1.1[27]. 

1.1.2 Wind energy potential in Vietnam 

To promote wind power development according to the Government’s 

goals, the Ministry of Trade has issude Document No 4308/BCT-TCNL date 

17/5/3013 propose 24 Provinces/ Cities with good potential for wind power 

development to organize the formulation of provincial wind power 

development planning.  Currently, 11/24 provinces have implemented wind 

power development planning and approved by the Ministry of Industry and 

Trade. Accordingly, the total planned wind power capacity in these provinces 

is about 2.511 MW for the period up to 2020 and about 15.380.9 MW for the 

period up to 2030 Table 1.2 [1],[8] 

1.2 Overview of wind power sources 

1.2.1 Wind generator working with converter 

Wind turbine power generation is a combination of three main 

components: aerodynamic part, mechanical part and electrical part Figure 1.2 

1.2.2 Classification of wind turbines 

Wind turbine are divide into 4 main types, detailed in the thesis, technical 

characteristics of wind turbines are listed in Table 1.4. 

1.2.3 Market share of wind turbine use 

Since the late 2000s, DFIG-type generators have dominated the market 

with a market share of over 85%. Currently, although other types of 

generators have entered the market, wind turbines generating electricity using 

DFIG generators still account for nearly 60% of the total installed capacity 

Figure 1.7. 

1.2.4 Power characteristics of wind turbine 
Power characteristics of wind turbine is the characteristic of relationship 

between coefficient Cp and λ of wind turbine Figure 1.8. 

1.2.5 Typical working characteristics of wind turbines 

For a wind turbine, the ability to genetate electricity is expressed in terms 

of the amount of power obtained taking into account technical and economic 

limitations. It is usually described as a power-wind velocity graph [2]. The 

operating characteristics have four regions depicted in Figure 1.9. 

1.3 Indicators of power quality assessment 

There are many criteria to evaluate the effects of wind power on the local 

power grid: voltage, frequency, reliability…in which the voltage indicator is 

most often interested, can be divided into 4 main forms: (Voltage 
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fluctuations, flicker, harmonics, transients). The different states of power 

quality are shown in Figure 1.10. 

1.4 Overview of domestics and international research 

In Vietnam, research on the application of intelligent algorithms to 

optimize controller parameters of DFIG wind generators are still limited. 

In [9][10], the authors Quang Nguyen Phung has researched the control 

method of wind generators DFIG on the basis of adjustment algorithms to 

ensure separation between torque and power factor. 

In [11][12], the group of authors Tuyen Cao Xuan, Quang Nguyen Phung 

have researched nonlinear algorithms on the basis of Backstepping 

technique. 

In [22], has designed a grid controller for wind generators DFIG, based 

in PI controller. The resulting stator current supplied to the grid has the 

standard sine form, has little amplitude and frequency variation. The DC 

voltage of capacitor C is very flat. 

In [23], the author Chung Phan Dinh has developed a new control law 

for the wind turbine rotor side converter using a dual source generator. The 

resulting shown that the system works stably, the error of control signal and 

reference signal is very small, approximately 5%. 

In [24], the author Hieu Truong Trung and colleagues compare current 

control methods such as:  dual PI controller, feedback linearization technique 

(FL) and proportional integral resonance control (PIR). The research shown 

that the method using PIR current control shown the best operating response 

through reducing the current fluctuation, the power to the lowest value when 

there is a voltage drop.  

In [38][39][40] reseached to control the blade tilt angle of the turbine to 

keep the generator working with the rated generating power by reducing the 

blade tilt angle. Some approaches to wing tilt control throagh fuzzy logic 

[41], and intelligent algorithm to achieve better control efect than 

conventional control strategies [42][43]. 

In [53], the author proposes the PSO algorithm to find the optimal 

controller parameter of the DFIG wind turbine system for analysis, evaluate 

the stability of the system. By the method of parameter optimization of many 

controllers, the research results show that; The search process is faster than 

the efficiency of the turbine is improved. 

In [52][54][55], the authors used an artificial neural network (ANN) in 

the controller of the grid-connected and compared it with a traditional PI 

controller. The parameters trained by the ANN algorithm gave the controller 
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values (grid side converter and rotor side converter) in troubleshooting and 

restoring the system to normal operation. 

In [51], the author presented an algorithm that mimics the hunting 

behavior of the gray wolf (GWO), optimizes the PI controller parameter of 

the generator-side and grid-side controllers to improve transient performance 

of the DFIG wind energy system under variable wind speed conditions. The 

author shown that when the wind speed changes, the reactive power is almost 

constant. 

In [50], the author applied the gravity optimization algorithm (GSA) to 

design the controller of the DFIG wind generator system. The results 

compared with the GA and PSO algorithms show that the settling time to 

seach the optimal value when using the GSA algorithm of the output 

variables decreases as fast as 0.38s, the reactive power decreases 0.47s, while 

optimization by GA and PSO algorithms takes 0.72s. 

1.5 Existing problems and proposed solutions 

Meta-analysis of studies, found that solutions to improve control quality 

to improve the power quality of wind energy systems have attracted many 

scientists’ interest. In which, the optimization of the parameters in the 

converter for the purpose of optimizing the design parameters play an 

important role in the stable transport of the wind energy system. 

With studies using intelligent algorithms, depending on the objective 

function setting, many authors have proposed algorithms such as: GA, PSO, 

ANN, GSA, GWO…The proposed methods have their own advantages: 

(long search time, large error between set signal and feedback signal, offline 

search...) 

1.6 Conclusion of chapter 1 

In this chapter, the author introduced the current status and potential, 

wind energy as well as the development of this type of energy. Detailed 

data have been given showing the current situation and increasing trend 

of wind energy in the world in general and in Vietnam in particular. In 

which, wind power sources using doubly fed induction generator-DFIG 

are considered as suitable solutions for variable speed wind energy 

conversion systems, including Vietnam. 

This chapter also focuses on analyzing the criteria affecting the power 

quality of the distribution grid when connecting wind generators. Studies 

on wind generator control and parameter optimization in the controller are 

also analyzed and evaluated, their advantages and disadvantages to 

propose an approach. However, when the grid voltage or the voltage on 
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the stator side is less than a certain limit, the generator’s ability to generate 

reactive power is significantly reduced and the generator is unable to 

generate reactive power as required by the grid. This makes wind 

generator control solutions need to be futher concerned and developed 

with the goal of ensuring stable operation of the power system with the 

increasing penetration of wind power. 

 

Chapter 2: DOUBLE FED INDUCTION GENERATOR MODEL 

2.1 Structure and model of double fed induction generator 

DFIG construction, with the stator directly connected to the grid and the 

rotor circuit connected to the power converter via a slip ring (figure 2.1). 

 
Figure 2.1 Structure of double fed induction generator - DFIG 

2.2 DFIG equivalent diagram in steady mode 

The equivalent circuit diagram of the DFIG generator taking into account 

the magnetic circuit losses (Figure 2.4).  

2.3 Mathematical description of wind generators DFIG  

2.3.1 Model of DFIG on the coordinate system dq  

Expanding the equation in terms of the d-axis and q-axis components, we have 

complete system of equations describing DFIG in the d-q reference coordinate 

system that is rotating at the syschronous speed give by [59]: 

2.3.2 Equation of state for generator DFIG  
Then, we have a system of equations representing the system state as 

follows: 
.

( ) ( ) ( ) ( )

( ) ( )

s s r rx t Ax t B u t B u t

y t Cx t

   




  (2.40) 
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2.3.3 Active, reactive and torque power of DFIG 

If we consider negligible power loss in the stator and rotor resistances. 

Active, reactive power and torque are discribed in detail in the thesis. 

2.4 Control diagram of wind generator system DFIG 

From the overall control diagram (figure 2.9), two control channels can 

be distinguished: Generator control and wind turbine control.  

2.4.1 Power converter 

Configure the power converter in the DFIG as “back-to-back” (see 

Figure 2.10). 

2.4.2 Rotor side converter control 

The rotor side converter has effect of indepently controlling the active 

and reactive power through the rotor voltage; details are presented in the 

thesis. 

2.4.3 Grid side converter control 

The grid side converter (GSC) control the link DC voltage between the 

two converter (VDC - link). In addition, the use of a grid side converter also 

has the effect of generating or consuming reactive power. Detail are 

presented in the thesis. 

2.5 Building control structure for wind generator DFIG 

2.5.1 Rotor side control structure (RSC) 

The rotor side controller is built for the purpose of controlling the output 

power of the wind turbine, while maintaining the voltage for the control 

setting. 

From the mathematical equations to control the active and reactive power 

(Laplace transform a = d/dt), we give the transfer functions of the 

corresponding controller: 
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The transfer functions between the reference current and the actual 

current on the two axes d and q is determined as follows:  
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From the above transformations and arguments, the rotor side converter 

control scheme is established and show in 2.16. 

 
Figure 2.16 Rotor side control structure  

2.5.2 Grid side control structure-GSC 

The grid side converter have a main task is to maintain an intermediate 

VDC voltage and reactive power Q to the desired value.  

Similarly, we also give the corresponding controller transfer function: 
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                   (2.129) 

From that, the overall structure of the grid side controller is built as 

shown in figure 2.20.   

 
Figure 2.20 Grid side control structure 

 

Notice that: the closed-loop transfer function has a denominator of a 

polynomial of order 2. To determine the set of control parameters we can use 

the Butterworth polynomial. 

2.5.3 Hàm truyền của bộ điều khiển phía máy phát và phía lưới điện 

Due to the direct current flowing in the DC/DC/AC converter, there is a 

nonlinear relationship between the control variables such as: Qf, r, Qs, và 

VDC.  
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On the basis of building the control structure for RSC and GSC, 

combined with the transfer functions established above. Figure 2.21 shows 

the overall control structure for the DFIG machine. 

 
Figure 2.21 System control structure diagram for DFIG 

2.6 Conclusion chapter 2 

In this chapter, from the wind generator model, the author has focused 

on mathematical analysis and representation through the system of equation 

describing DFIG in the d-q coordinate system. These descriptions from the 

basis for building the control structure for the converter. The author has built 

the rotor side controller structure, the grid side controller structure and 

describes the close mathematical relationship between the RSC and GSC 

controller, these quantities are controlled, independent of each other. 

Controllers can perform independent control, or can be combined for total 

control. 

In order to maintain the stability of the system, the appropriate control 

parameters can be selected and adjusted accordingly as required. Because the 

system is nonlinear, the transfer functions depend on each other, depending 
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on the machine parameters. When the operating process changes, the 

controller parameter changes; The traditional method of determining 

controller parameters is only modestly effective. On that basis, the author 

proposes a suitable algorithm that will be introduced in the next chapter. 

  

Chapter 3: BUILDING A CONTROL ALGORITHM FOR 

DOUBLE FED INDUCTION GENERATOR 

3.1. Introduction 

3.1.1 PI control structure 

From the PI controller structure (Figure 3.1), the control law is defined: 

0 0

1
( ) ( ) ( ) ( ) ( )

t t

I
P P

P I

K
U s K e t e t dt K e t e t dt

K T

 
    

 
                  (3.2) 

3.1.2 The objective function of the PI controller 

The parameters of the PI controller are determined according to the objective 

function as follows: 

0

( )ITAE t e t dt



                                    (3.8) 

3.2 Develop a method to determine the optimal parameters of the controller 

3.2.1 The idea of method contruction 

The main idea of combining the advantages of GA and SA algorithms is to 

increase the diversity and expand the search space. 

3.2.2 Steps to apply CRO algorithm to determine controller parameters 

An important job when analyzing the operating mode of wind power in the 

power system is to solve the power distribution mathematical to determine the 

initial conditions for the problem of finding optimal parameters. The steps are as 

follows:  

- Step 1: Enter the parameters of the machine, the power grid. 

- Step 2: Solve and find the initial condition 

- Step 3: Run the power distribution problem 

- Step 4: Calculate the objective function and run the built CRO algorithm 

model 

- Step 5: Determine the best set of control parameters 

- Step 6: Check convergence condition, if not, go to back to step 2 

- Step 7: If satisfied step 6 (convergence), find the optimal set of control 

parameters 
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3.2.3 The mathematical of finding the initial condition 

Although there are many different approaches, the most common one by 

far that follows the principle is: determine the amount of reactive power 

consumed by the machine (or emit), whose basis is from the mathematical 

models of electrical machines presented in the previous section. In the 

general case, the slip coefficient is determined from the equilibrium condition 

of mechanical power, calculated as KĐB motor, from the following quadratic 

equation [81], [83]: 

ax2 + bx + c = 0                                                 (3.10) 

Then, the initial condition will be determined as follows: 

 From the determined wind speed, the effective power output of the 

wind turbine can be determined (according to power characteristic 

curve) 

 Preset a voltage value at the machine terminal 

 From the value of active power and machine terminal voltage 

determined above, calculate the slip coefficient according to (3.10). 

3.2.4 Chemical reaction optimization algorithm  - CRO 

The CRO optimization algorithm is a type of random search algorithm 

based on the chemical reaction process, chemical substances are transformed 

into other substances through 4 basic types of reaction: 

 On-wall inffective collision 

 Decomposition 

 Inter-molecular ineffective collision 

 Synthesis 

The CRO algorithm processes in three steps. The first step is 

initialization. In this step we initialize parameters of algorithm which include: 

PopSize is number of molecules, each one’s structure represents for a solution 

of given problem; KElosssRate; MoleColl is the parameter decides mono-

molecular collision or inter-molecular collision. Then the reaction are 

repeated until the stopping condition is met. Optimal results appear in the 

final step (Figure 3.2). 
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Figure 3.2 Flowchart of CRO algorithm 

3.3 Some applications of the CRO algorithm 

3.3.1 Apply to DFIG machine, capacity 4kW 

For simulation, the author uses Python programming language, which is 

an object-oriented programming language, strongly supports AI algorithms 

and solves differential equations, and installs the CRO algrothm easily.  

Table 3.2 Parameters KP, KI obtained between two control methods 

 PI-ZN và PI– CRO  

Phương 

pháp 
KP KI ITAE IAE ITSE ISE 

PI - ZN 1.086 8.118 1188.418 455.217 2025.422 1190.155 

PI - CRO 0.0196 48.3824 175.403 80.939 572.687 394.208 
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a. ZN                                                   b. CRO 

Figure 3.4 Stator current and voltage response with PI, 

Controlled by current idr 

  
a. ZN                                                          b. CRO 

Figure 3.5 Stator current and voltage response with PI, 

Controlled by current iqr 

  
a. ZN                                                       b. CRO 

b.  

Figure 3.6 Power response P, Q of DFIG   
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3.3.2 Apply to DFIG machine, capacity 1.5 MW 

In this section, the results of the casults of the results of the calculation of the 

objective function, the current and voltage control signal responses according to 

different methods PCC, PSO, GA, CRO will be compared and analyzed. 

Calculation results of the parameters KP, KI of the controller are give in Table 

3.4. 

Table 3.4 Parameter values KP, KI and objective function   

PP KP KI ITAE IAE ITSE 

PPC 0.04238 2.9991 91527 709533 7636441870 

CRO 0.0226 2.107 21005 527423 6711743188 

PSO 0.01 3.54038815 22341 529811 6712882500 

GA 9.784 4.616303 674355345 1525507 16450410362 

 

  
 

Figure 3.8 Objective function error response ITAE, controlled by current iqr                                          

  

   

  

Figure 3.9 Objective function error response ITAE, controlled by current idr  

  

   
 

Figure 3.10 Step response of the current control signal iqr 
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Figure 3.11 Step response of the current control signal idr 

 

   
 

Figure 3.12 Step response of the voltage control signal vqr        

                                                                                            

   

 

Figure 3.13 Step response of the voltage control signal vdr     

                                                          

   
 

Figure 3.14 Step response of the active power P 
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Figure 3.15 Step response of the active power Q                                                                 

3.4 Conclusion chapter 3 

It can be seen that in order to maintain the stability of the system, the 

selection of a reasonable set of control parameters plays a very important role. 

The content of this chater has researched and proposed a method to optimize the 

parameters KP, KI of the controller. The control method using CRO algorithm 

has simplified the control structure, and at the same time isolated 2 control 

channels of active power and reactive power of the DFIG wind generator, 

keeping of the maximum power point tracker-MPPT of wind energy conversion 

system is better than other methods. 

Simulation results in many types of electric machines with different 

capacities and operating conditions have also show: The rotor current regulator 

has controlled the idr, iqr components, which follow the idr
*, iqr

* set values well. 

The proposed method allows determining the parameters KP, KI of the PI 

controller to ensure optimal and highest performance when the wind speed 

changes. 

Chapter 4: SIMULATION AND ASSESSMENT OF OPERATION 

MODE OF WIND POWER IN DISTRIBUTION GRID 

4.1 Research models 

The research model is a wind farm with consisting of 3 wind turbines, 

each with a capacity of 1.5 MW (using a doubly fed induction generator 

DFIG). The rotor terminal voltage of the DFIG machine is 3.3kV. The grid 

side converter with an output voltage of 0.69kV connected to a 3-wire 

transformer (3,3/0,69/22kV) has a capacity of 1.6 MVA through a protective 

reactor. The DC voltage between the generator side and the grid side is 1.15kV. 

All three DFIG machines are connected at the 22 kV busbar. 
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Figure 4.1 Diagram of research eletrical system 

The author simulates the most basic case, which is when the system is not 

supported by stable devices: There are 3 case studies: 
- When the system works normally 
- When the failt loses a transformer  

- When the wind speed changes 
4.2 When the system works normally 4.3 When the failt loses a transformer  

 
Figure 4.3 Response of the rotor speed 

and slip coefficient of the generator 

  
Figure 4.12 Response of the rotor speed 

and slip coefficient, when a transformer 

fails 

 
Figure 4.4 Response of the current 

control signal on the d-axis and q-axis 

 
Figure 4.13 Response of the current 

control signal idr  and iqr , when a 

transformer fails 
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Figure 4.5 Response of the amplitude 

and deflection of forward-sequence 

voltage 

 
 

Figure 4.14 Response of the voltage at 

local load node, when a transformer fails  

 
 

Figure 4.6 Response of the DC voltage  

 
 

Figure 4.15 Response of the voltage at 

the transformer windings, when a 

transformer fails 

 
 

Figure 4.7 Response of the voltage 

amplitude of stator 

 
 

Figure 4.16 Response of the DC voltage 

when a transformer fails 
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Figure 4.8  Response of the voltage 

characteristics on three winding 

transformer   

 
 

Figure 4.17 Response of the voltage 

amplitude of stator, when a transformer 

fails 

 

 
 

Figure 4.9 Response of the current 

control signal idr  and iqr  

  
 

Figure 4.18 Respons of the power on 

the stator and rotor side of the machine, 

when a transformer fails 

  
 

Figure 4.10 Respons of the power on 

the stator and rotor side of the machine 

 

 

Figure 4.19 Response of the fluctuation 

amplitude of active and reactive power 

at the rotor, when a transformer fails 
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4.4 When the wind speed changes 

 
 

Figure 4.21 Response of the voltage at 

local load node, when the wind speed 

decreases  

 
 

Figure 4.25 Response of the DC voltage, 

when the wind speed decreases 

 
 

Figure 4.22 Response of the rotor speed 

and slip coefficient of the generator, 

when the wind speed decreases 

 
 

Figure 4.26 Response of the current 

control signal on the d-axis and q-axis,  

when the wind speed decreases 

 
 

 Figure 4.23 Respons of the power on 

the stator and rotor side of the machine, 

when the wind speed decreases  

 

  
 

Figure 4.27 Response of the voltage at 

the transformer, when the wind speed 

decreases 

 



22 
 
4.5 Voltage stability characteristic 

According to the results of figure 4.28, the voltage stability characteristic 

at the local load node 22kV (initial load capacity 4,5MW+ j2,5 MVAr) are 

described in the 3 considered scenarios. 

 
Figure 4.28 PV characteristics at node 22kV 

The results show that the PV characteristics are only different in scenario 

2, voltage quality decreases rapidly with increasing load capacity, voltage 

stabilization reserve level is 3.7% 

 
Figure 4.29 PV characteristics at node connection wind power 

Figure 4.29 shown the PV characteristics at node connection wind power, 

this graph best shows the difference in voltage stability, because is the 

“weaker” node compared to the 22kV node. The voltage stability reserve 

level at the wind power connection node in 3 scenarios is respectively: 1,7%; 

3,63% và 1,73%. 

 
Figure 4.30 PV characteristics at node 22kV 
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The stable limit points according to QV characteristics at the wind power 

connection node are: 0.7pu (voltage) and 7.8 MVar.  

Figure 4.31 presents the results of steady state analysis of generators by 

eigenvalue analysis. 

 
Figure 4.31 Real part eigenvalues 

 

 

Figure 4.32 Participation coefficients of state variables 

The analysis of PV and QV characteristics in the three scenarios shows 

that the real parts of the eigenvalues are all negative, that is the system 

remains stable in response to different reactive power changes at the nodes. 

 

CONCLUSIONS AND RECOMMENDATIONS 
Concl usions 

Thesis research on solutions to improve the power quality of the 

distribution grid connected to wind power using double fed induction 

generator. The main research results of the thsis are shown in the following 

points: 
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1. Introduction of current status and potential of wind energy in the 

world and Vietnam; overview of wind energy sources; research situation at 

home and abroad; analyze problems and propose solutions. 

2. Describe mathematically closely the relationship between the PI 

controller parameter and the DFIG generator parameter. These descriptions 

serve as a premise for the construction of generator side and grid side control 

structures, where the quatities are controlled independently regardless of the 

error in parameter estimation. Therefore, it is possible to separate for 

independent control or combine to control the overall system. 

3. Build the configured model of the double fed induction generator in 

coordinate reference system: static coordinate system (α-β) and coordinate 

system (d-q) as a basis for building an optimal control algorithm, with the 

aim of independently controlling active and reactive power with different 

channels: rotor side and grid side control. 

4. The thesis is the first scientific work to successfully apply the CRO 

algorithm to optimize the PI controller parameters in wind energy systems 

using double fed induction generator (DFIG). The thesis also proves the 

advantages of this algorithm compared with other intelligent algorithms 

through information about: response error, ability to fllow set signals and 

control quality. This result also sets the stage for applications in energy in a 

number of other fields… 

5. The thesis is also studies to simulate the grid connected DFIG 

generator system in practice in some typical working scenarios. Through 

simulation results, it is found that the optimal parameters of the CRO 

algorithm have contributed to quickly restoring the electrical machine to its 

normal working state; The power generated from the generator rotor side 

works stably; The system works stably according to the different response of 

reactive power changes at the nodes.   

Recommendations  

In the coming time, the application of CRO algorithm will need to be 

futher developed in the following directions: 

- Evaluate the effectiveness of the PI controller when applying the 

CRO algorithm in the condition of unbalanced power grid and the influence 

of harmonics from the grid on the effectiveness of the control; 

- Devolopment and application of fractional controller PID in the 

process of controlling the converter of double fed induction generator 

operating in real time, evaluating the efficiency of fractional controller. 
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