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Abstract - Voltage stability issue is a key problem attracting 
worldwide attention because it may lead to voltage collapse. This 
research presents an implementation of a Ninh thuan – Binh Thuan 
grid model in Power System Analysis Toolbox (PSAT) – a free and 
open source software. A newly developed IMPSA wind turbine 
model is modeled and connected to the Ninh Thuan – Binh Thuan 
power system. The impact of IMPSA Wind Power Plant on the Ninh 
Thuan - Binh Thuan grid is carried out and analyzed with small 
signal stability. In this paper, the IMPSA wind turbine based on 
variable speed wind generators is considered. The article ends with 
a validation of the stable Ninh Thuan – Binh Thuan grid model 
generated by PSAT including a new variable speed wind turbine 
model. This validation is done through an eigenvalue analysis by 
applying small disturbances from wind speed variation. 
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1. Introduction 

The development of the installed grid capacity 

connected to renewable energy source is continuously 

growing as a result of the enviromental concerns in order 

to minimize the impact of conventional electricity 

generation [1]. Wind power is the world's fastest growing 

renewable source as shown in Figure 1. During last 

decade, the average annual growth rate of wind turbine 

installation is around 30 % [2]. As wind energy is fed into 

the power system, the stability of the already existing grid 

is becoming important as wind farms should not defile the 

stability of the existing grid; if feasible, they offer 

enlarged system stability. Therefore, wind plants should 

behave responsibly. For example, the important point 

during last several years is the continued grid-connection 

of the wind turbine at definite grid-voltage disturbance 

levels to avoid voltage drops and sectional energy deficits 

when wind energy units are disconnected. 

 

Figure 1. Growing wind turbine capacity 

Wind power plants must provide the power quality 

required, which ensures the reliability of the power 

system where it is connected to and fulfill the clients 

connected to the same grid. It is very important to 

understand the sources of disturbances that affect the 

power quality [3 - 5]. 

The integration of a wind power into grid evokes issues 

like voltage stability, transient stability problem. Power 

system stability depends on parameters that belong to 

turbines, generators, governors. They affect both small signal 

stability and transient stability. There are a number of studies 

that has been carried out recently for identifying required 

network reinforcement, reserve requirements and the impact 

of wind power on power system stability [6]. These studies 

are dealing with different problems related to wind plant, 

such as fluctuating nature of wind energy, location of wind 

generations, various generator technologies and control. The 

results generally represent a super position of various wind 

power aspects and predict required grid reinforcements, 

reserve requirements and the impact on grid stability. 

Reference [7] investigates the modeling and the transient 

stability analysis of the wind integrated IEEE 14 test bus 

system. The aim of the investigation is to enhance transient 

stability using central area controller in a wind integrated 

power system with storage. In [3, 8] a comparison is made 

among 3 main type of wind turbines such as constant speed 

wind turbine (CSWT), Doubly Fed Induction Generator 

(DFIG), Direct Drive Synchronous Generator (DDSG) and 

their steady and transient characteristics were analyzed and 

simulated, respectively. The Nordic grid model implemented 

using Power System Analysis Toolbox it is also validated 

through time domain simulation by applying small and large 

disturbances in reference 9. This research proposes an 

improved model of the modified Nordic power system for 

power system stability analyses and studies. The improved 

model includes a newly developed hydro turbine and hydro 

governor model which is capable of representing the actual 

dynamic behavior of hydro units. Consequently, a suitable 

control can be used to limit the negative impact of 

oscillations and instability. 

This research investigates the small signal stability of 

IMPSA variable speed wind generators which is 

integrated to Ninh Thuan - Binh Thuan power system. 

Furthermore, this paper also introduces the mathematical 

modeling of variable speed wind generator in section II. 

The IMPSA wind power plant connected to Ninh Thuan - 

Binh Thuan power system simulated using Power System 

Analyses Toolbox is shown in section III. The results are 

analyzed in section IV, concluded in part V. 
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2. Small signal stability and modeling 

In this part, small signal stability of the system has 

been analyzed. Small signal stability is defined as the 

ability of a power system to resume its original stable 

state after being subjected to a small disturbance which 

leads to a small incremental change in power system state 

variables. In other words, the system’s response to a small 

disturbance in power system state is variable. 

Power System Analyses Toolbox based Eigen value 

analysis has been done to determine small signal stability 

of the system. Here the correlation between Eigen values 

and power system dynamics is discussed. For this, a 

liberalized model is developed to find out the resemblance 

between Eigen values, steady state matrix and time 

domain simulation. State space equation and output 

equation is given by 

),,()( tuxftX =     (1) 

),,()( tuxgty =     (2) 

where equation (1) has all state variables such as ‘u’ is 

the input variables, ‘t’ is the time and ‘y’ is the output 

function. The linearization of Eqn. (1)-(2) will help to 

study the response to small variations. 

In order to obtain this, polynomial equations are 

developed using Taylor’s series formula where higher 

order terms are neglected. Linear combination of system 

is presented as 

BuAxX +=     (3) 

DuCxy +=     (4) 

here A, B, C and D are obtained from the Jacobean 

matrix which contains partial derivative of the functions 

in terms of ‘f’ and ‘g’ respectively to the input variable ‘u’ 

and the state variable ‘x’. 

2.1. Wind Modeling 

In this paper, the Weibull distribution wind speed 

model with nominal wind speed as 15m/s is used. Weibull 

distribution is represented in this case as shown in Figure 2. 

 

Figure 2. Weibull distribution wind speed 

2.2. IMPSA variable speed wind turbine modeling 

The structure of IMPSA variable speed wind generator is 

shown in Figure 3. The steady state electrical equations are 

assumed, the flux dynamics of stator and rotor is fast in 

comparison with grid dynamics and the generator decoupling 

from the grid can be done by the converter control 

mechanism. These assumptions lead to equations (5)-(8): 

( )( )
qrmqsmSdsSds ixixxirv +++−=  (5) 

( )( )drmdsmSqsSqs ixixxirv ++−−=   (6) 

( ) ( )( )
qsmqrmRmdrRdr ixixxirv ++−+−= 1  (7) 

( ) ( )( )dsmdrmRmqrRqr ixixxirv ++−−−= 1   (8) 

 

Figure 3. IMPSA wind turbine 

Where the stator voltage depends on both grid voltage 

magnitude and phase: 

( )−= sinVvds
    (9) 

( )cosVvqs =     (10) 

The injected active and reactive power into the grid 

depends on both stator current and grid side current of the 

converter. Finally equations are as follows: 

qcdcdcqsqsdsds vivivivP +++=
 

 (11) 

qcdcdcqcqsdsdsqs ivivivivQ −+−=   (12) 

This can be rewritten by considering converter power 

equations which are shown below. Grid side converter 

powers are: 

qcqcdcdcc ivivP +=    (13) 

qcdcdcqcc ivivQ −=    (14) 

Rotor side powers are 

ivivP qrdrdrr +=     (15) 

ivivQ drdrqrr −=    (16) 

Now, if it is considered that the converter has less 

losses and a unity power factor on the grid side of the 

converter, then: 

rc PP =      (17) 

0=cQ      (18) 

Finally injected power into the grid 

qrqrdrdrqsqsdsds ivivivivP +++=   (19) 

qsdsdsqs ivivQ −=    (20) 

In the generator, motion equation single shaft model is 

used and it is assumed that converter controls can be able 

to filter shaft dynamics. For this reason, the tower shadow 

effect is not considered. 
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3. Ninh Thuan - Binh Thuan 24 system 

3.1. Background 

The system analyzed in this study is a conceptualization 

of the IV Power Engineering Consulting Company, 

Vietnam, the grid called the Electrical System Used in 

Construction of Ninh Thuan I Nuclear Power Plant. It is 

invested by Wind Power Energia S/A. The “Ninh thuan – 

Binh Thuan” test network developed by M.Q. Duong and 

M. H. Duong in which due to some adjustment to the 

system model and its parameters, this system is called Ninh 

Thuan-Binh Thuan 24. 

3.2. System characteristics 

The Ninh Thuan-Binh Thuan 24 system is depicted in 

Figure 4. The first region is formed by the Vinh Tan Therml 

Power Company and Da Nhim Hydro Power Company that 

the equivalent areas located in the upper part, while the 

second region is formed by the An Phong Wind Power 

Company including IMPSA wind generator that the 

equivalent areas located in the bottom part. The system has 

24 buses, 19 transmission lines, 19 transformers and 8 

generators, most of them are hydro and thermal generators 

located in the upper part. A 180 MW IMPSA wind power 

plants based on variable speed generators is integrated at bus 

110kV Ninh Phuoc and presented in Figure 5. The 

parameters of IMPSA wind turbines are provided in Table 1. 

 

Figure 4. Ninh Thuan - Binh Thuan 24 test system 

Table 1. IMPSA variable speed wind turbine parameters 

Parameters Value 

1 Unit power 1.5 MW 

2 Diameter 70 m 

3 Direction of rotation Clockwise 

4 Number of blades 3 

5 Power control Variable pitch 

6 Line side frequency 45 – 65 Hz 

7 Generator side voltage 690 Vac 

8 Hub height 85 m 

9 Cooling 
Air IP 23 (EN-

60529) 

 

Figure 5. IMPSA wind turbines at bus 110Kv Ninh Phuoc 

4. Results and Analyses 

The impact of IMPSA variable speed wind turbines on 

Ninh Thuan – Binh Thuan 24 test system with wind speed 

variation input (Figure 2) leads to a small signal stability 

problem. After solving the power flow problem, the 

eigenvalues and the participation factors of the test system 

were computed and visualized. The eigenvalues can be 

computed for the state matrix of the dynamic system 

(small signal stability anaysis) [10]. 

 

Figure 6. S-Domain anaysis graphical representation 

of Ninh Thuan - Binh Thuan 24 test system 

The computation of the eigenvalues in the S-domain are 

shown in Figure 6. Obviuousy, all poles lie completely on 

the left hand side as well as the eigenvalues is less than 0. 

Therefore, it can be concluded that the system is stable. 

Furthermore, in order to ease the visualization of this 

system it is sometimes useful to compute the eigenvalues 

in the Z-domain, which can also ease. As can be seen in 
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Figure 7, all the eigenvalues are inside the unit circle. As 

a results, it can also be concluded that the system is stable. 

 

Figure 7. Z-Domain anaysis graphical representation 

of Ninh Thuan - Binh Thuan 24 test system 

 

Figure 8. Ninh Thuan - Binh Thuan24 test system 

eigenvalue report 

The snap shot small signal stability report depicts the 

eigenvalue analysis for this test system as shown in Figure 8. 

5. Conclusion 

This research presents the Ninh Thuan-Binh Thuan 

grid model of which novelty consists in its 

implementation of a free and open source software: Power 

System Analysis Toolbox. The model takes into account 

the detailed modeling of the dynamics which plays an 

important role in the assessment of the system’s behavior. 

Of particular significance is the implementation of the 

recently developed wind turbine and the controller model 

in this tool with Ninh Thuan-Binh Thuan 24 test system 

in which, most of grid’s power plants are thermal and 

hydro generators. Small signal stability analyses of the 

considered grid utilizing eigenvalue analysis is used to 

demonstrate the importance of accurate modelling. 

Moreover, the test system modeling with small signal 

stability is investigated after injecting wind power with 

IMPSA variable speed wind turbines. The simulation 

results show that IMPSA variable speed wind generators 

are marginally stable. 
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