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Abstract: - This paper presents the methodology to estimate stable and dynamic operational characteristics of 
Wind Power Turbines (WPT) in a targeted weak power system under defined local wind condition; and from 
this to establish the efficient installation process in planning wind power system. In this research, operational 
characteristics of WPT under regular and irregular wind speeds are considered and verified against power 
system operational particularities; the losses of power system reactive power and grid voltage drop are 
calculated to estimate the degree of stability of the local power system; impact current resulting from when 
WPT connects with the power system and its use for verifying the stiff condition of connecting grid. Electric 
particularities under the short circuit condition of WPT and weak power system are simulated so that to satisfy 
power system demand after the WPT is installed, and the maximum capacity of wind power generation that can 
be safely introduced into the targeted local power system is determined by considering the fluctuation range of 
grid voltage. This paper provides a synthetic way to judge the operational characteristics of WPT when 
installed into a weak power system; and could be applied to the existing weak power system in the rural region. 
This will demonstrate the value of WPT in a practical application. 
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1 Introduction 
In the past ten years, wind energy has been one of 
fastest growing electricity generation technologies. 
According to the Press Release “New World Record 
in Wind Power Capacity” by World Wind Energy 
Association, the globally installed capacity of wind 
power energy grew from 7475MW in 1997 to 
73904MW by the end of December 2006, and is 
expected to keep growing and reach 160000MW by 
the end of 2010 [8]. Since wind power energy has a 
more important role in electricity generation today, 
therefore it is important to analyse the operational 
characteristics of Wind power turbine and the effect 
on the connected power system before wind power 
turbine installation. 

 
The author previously investigated research 

related to the wind power system and the result of 
that research play an important role leading to the 
research discussed in this paper. 

For the installation method of wind power 
systems, the previous research deals with two vital 
problems with the installation of wind power 
generation in an existing power system. One is 
determining the optimal installation bus and the 
other one is estimating the maximum limitation of 
wind power generation that can be safely introduced 
into the power system. Here, Domain-Link Method 
is used for forming applicable domains based on the 
structural characteristic of a power system; 
consequently Maximizing Decision Method is used 
for ensuring the best bus inside selected domain 
using operational indices of environment, economy, 
reliability and stability. The limitation of wind 
power generation is estimated after connecting wind 
power system to the selected bus based on system 
steady constrains. The result is illustrated using the 
IEEE 30-Bus test system. Successive installation of 
wind power generation may be conducted with the 
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same procedure satisfying new power system 
constrains resulted from the previous installation. 

In the previous research, the author also 
investigated the fluctuation of WPT when connected 
with the target power system. This research presents 
a realization process of a hybrid system consisting 
of biomass and wind as well as solar power 
generation on the ground of Ashikaga Intitute of 
Technology located in Ashikaga City of Tochiki 
Prefecture. The installation principle and procedure 
are introduced based on the conditions of natural 
energy such as wind speed and solar rediation 
degree. The output characteristics from 20kW 
biomass generator is explained and analyzed in 
according to cooperational possibility with the wind 
power and solar power system. The operation 
characteristics of 40kW wind power turbine is 
provided based on the practical operation data 
collected within three years and the simulated 
results obtained from the software calculation. The 
operation conditions of 20.6kW solar power system 
is also anaylzed based on the solar irrediance desity 
in the located site. The general efficiency of this 
triple hybrid power system in ecomomic and 
environment aspects  is also studied by using and 
comparing the simulation methodology and the data 
in practical operation. 
 

Our previously reseach also covered the analysis 
of reliablity and control of wind power turbine when 
connected with the local weak power system. In this 
research, Wind power generation is expected to be 
used as a power reserve to improve the reliability 
degree and reduce line loss of power system that 
suffers from critical load in each summer. 
Installation buses are selected based on the existing 
reliability degree derived from system condition in 
energy service and load demand, two reliability 
indices namely Weakness Degree in Energy Supply 
that represents bus energy supply ability in a short 
critical time and Reliability Index in Energy Supply 
that represents bus average energy supply ability 
during annual time are applied. Appropriate type of 
wind power turbine is selected according to 
Percentage Rate of Availability Index and 
Percentage Rate of Utilization Index derived from 
Monthly Average Wind Speed through the target 
region. Operational reliability and stability are 
analyzed based on form.  

The previous research gave us some valuable 
information in relation to the behaviour and 
operational constraint of a wind power turbine when 
connected to the target power system. But the detail 

of the installation procedure and operational 
characteristic of a wind power turbine when 
connected with a power system has not yet been 
investigated therefore these are the main features of 
the research in this paper. 

 
In planning the installation of wind power 

generation in any scaled power system, it is 
important to examine the operational characteristics 
of WPT. Furthermore, it is also crucial to examine 
the possible impact on the connected power system 
of the installation site.  
 

When WPT is connected to the power system, the 
grid voltage may fluctuate since the WPT require 
absorbing reactive power from the connected power 
system to keep a magnetic exciting field for its 
operation. Therefore it is utmost important to 
calculate the maximum capacity of wind power 
generation that can be install into the targeted power 
system safely when considering to design the wind 
hybrid system. 
 

In order to achieve the above, the following 
installation procedures of WPT to the targeting site 
are necessary and performed in this research: 
 

 Testing the WPT under regular wind speed at 
the installation site. Leading to determine the 
normal operational characteristics of the WPT. 

 
 Testing the WPT under sudden wind speed 

change at the installation site, leading to 
determine the characteristic of the WPT in 
transient process. 

 
 Determining the amount of compensating 

capacitor that is absorbed by WPT while the 
power system is stable. 

 
 Determine the impact on the WPT and the 

connected power system when short circuit 
occurs. 

 
 Calculate the maximum capacity of wind 

power generation which is safely installed at 
the installation site, while the wind power 
system is stable. 

 
From the result of our research [2], it is indicated 

when WPT connects with a weak power system, the 
impact is stronger then compared to connecting with 
a strong power system. But in particular, it always 
found in weak power system areas where the wind 
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conditions are best. Thus, weak power system with 
WPT is discussed in depth in this paper. 
 
 
2 Background of the installation site 
Hybrid wind power system composes of WPT(s) 
and the targeting power system of the installation 
site. In this paper, 600kW WPT(s) with fixed 
rotating speed and a weak power system with 
capacity of 14MW are involved. The following are 
more detailed explanation on these two components. 
 
 
2.1     Concept of weak power system 
The word “ weak” in weak power system is used 
when the substation grid is not stiff enough, such 
that the grid voltage could not be well-controlled. 
The substation system in the weak power system 
usually comprised of several buses, and the bus with 
valid wind speed is selected for connecting to WPT. 
In order to reduce the influence on existing power 
system, the optimal bus must be first selected. 
Without this step, this research presented in this 
paper may lose its meaning. However, the task for 
selecting the optimal bus has been achieved in our 
previous research [2], hence in this paper the author 
only make simple explanation to introduce these 
methods: For large scaled power system, the 
selection of the optimal bus can be conducted 
through the Domain-Link Method (DLM), whereas 
for the small power system, the Weakness Degree in 
Energy Supply Method (WDES) [3] and Endurace 
Index of Crisis Hours Method (EICH) [4] can be 
utilised. 
 

For the purpose of this research, it is assumed that 
the WPT has already been connected to the optimal 
bus, and the wind speed at this optimal bus is 
satisfied to drive WPT. The circuit diagram (Fig.1) 
below describes the interconnection of wind power 
farm (located at the optimal bus, which is assumed 
to exist at the terminal of targeting power system) 
with the targeting weak power system. This model 
is typically applied for the interconnection between 
WPT and weak power system and also been used in 
this research. 

 

 
Fig.1. Inter-connection of wind power farm at 

terminal of a targeting weak power system 
 
The electric parameters of the targeting weak power 
applied in this research are listed in Table 1. 

Table 1: Parameters of targeting weak power system 
at the defined installation site 

Transformer on wind power farm side 690V/22.8kV，12MVA

Transformer on system high voltage side 22.8kV/69.3Kv，25MVA

Capacity bank 0.23MVAR

Load on general-grid 2MVA，Power Factor 0.85

System-grid short circuit level 70MVA  
 
 
2.2     WPT with fixed rotating speed 
In this research, a 600 kW WPT with fixed rotating 
speed is employed. 600kW WPT is chosen because 
it has been widely applied for weak power system in 
many countries; and therefore there is strong 
experience on using this type of WPT. However, 
like the other WPT, this 600 kW fixed speed WPT 
does have a property of high starting current and it 
require to absorb reactive power from the connected 
power system when it’s in operation. As a result, 
stability of the power system will be affected. The 
electric parameters of 600kW WPT use in this 
research are given in Table2.  
 

Table2. Parameter of 600kW fixed speed WPT 
capacity P. factor Freq. S. R S. X
0.6MW 0.912 60Hz 0.0079Ω 0.00017Ω

S. R S. X Pole Cut-in WS Cut-out
0.0006 0.00017Ω 6 3.2m/s 13.8m/s  

Note: P=Power, S=Stator, R=Resistance, Rot=Rotor 
X=Reactance, Freq=Frequency, WS=Wind speed 
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3  Operational characteristic of WPT 
and connected weak power system 
under different conditions 

This section presents the simulation results from the 
five different installation procedure of WPT 
mentioned in the introduction. 
 
 
3.1      Under regular wind speed condition 
In most of operational time, WPT works under 
regular wind speed condition. Hence, it is important 
to analyze the operational characteristic of WPT and 
the effect on the targeting power system under this 
wind speed condition. Also the operation 
characteristic of WPT under this wind condition not 
only determines the operational efficiency of WPT, 
it also determines the service time and economic 
efficiency of WPT at the targeting installation site. 
 
3.1.1  Equation of WPT under regular wind 

speed condition 
As shown in Fig2, wind power generation highly 
depends on the wind speed, and the amount of wind 
power generation is the key factor in determining 
the stability of the wind power system. 

 

 
Fig.2. Transmission parts inside WPT connected to 

weak power system under recorded wind 
speed 

 
The amount of wind power generation is the key 

factor in determining the stability of the wind power 
system. Power transfer from wind kinetic energy to 
electricity of defined WPT is shown in Fig2.In Fig.2, 
wind power absorbed by the blade of WPT is given 
by P, and this kinetic energy P transform to the 
electrical energy sgP  through the transmission part 
inside of WPT. The equations explain this energy 
conversion process can be expressed by the 
following equation (1) 

⎪⎩

⎪
⎨
⎧

=
=

iniggbbpsg kkkkCP
VAP 35.0 ρ                         (1) 

 
Where; V is regular wind speed, A is cross-section 

area swept by blades, ρ  is air density of installation 
site and pC is power factor of defined WPT. All 
coefficients k form equation (1) is only applied with 
single WPT, therefore in case a group of WPT, the 
total generation can be obtained from the sum of 
each generation of WPT. But, for the losses reactive 
power and grid voltage drop by a group of WPT, it 
has no longer linear relation with amount of each 
WPT. Therefore, it is not possible to estimate these 
parameters directly from the linear calculation. 
 
3.1.2 Regular wind speed at the installation site 
In this paper, actual wind speed data recorded from 
the targeted installation site are entered into the 
simulation. In comparison with the average wind 
speed obtained usually by statistical method from 
Wind and Generation Matrixes[1], this real wind 
speed data allows the result of the simulation to 
become more realistic in relation to the real 
operation conditions at the targetting installation 
site. 
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Fig.3. Recorded regular wind speed data used for  

simulation at the defined installation site 
 

The month selected for wind speed data was the 
month with the strongest and most volatile wind 
speeds throughout several year recording at that 
targeted installation site; this data cover all possible 
wind  condition scenarios which may happen at that 
installation site. The regular wind speed used for 
simulation in this research as shown in Fig.3. 
 
3.1.3 Simulation result 
Fig.4 shows the simulation result of WPT under 
regular wind speed condition by including WPT 
inertia factor. The simulation result indicates that 
single 600kW WPT operates entirely in fine 
condition; and has good tracking ability under 
variation of wind speed condition (compare Fig.3 
with Fig.4). According to the result, when wind 
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speed increases, the rotor of WPT begin to rotate 
faster almost at same time; real power generation 
increase; and WPT absorbs more reactive power. 
Real power generation matches for the result 
obtained from Utilization and Availability Indices of 
selected WPT. Fluctuation of grid voltage is within 
±5%. Through this simulation, monthly generation 
and economy efficiency may be resulted from 
simulated numeral result. Hence, yearly synthetic 
efficiency may be separately resulted from each 
monthly simulation results based on recorded 
regular wind condition. 
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Fig.4. Simulation result of single 600kW WPT 

under regular wind speed at the defined 
installation site 

 
 
3.2 Under sudden changes in wind speed 

condition 
WPT suffers from transient process under sudden 
changes in wind speed condition. Actually, there are 
many reasons that lead to transient process of WPT 
therefore affecting the power system’s stability.          
  

From the view of wind speed, small variations in 
wind speed may be absorbed by WPT blades and 
inertia without causing transient process, but when 
large and sharp variations of wind speed that occurs 
for relatively long period of time, WPT must reach a 

new operation point through transient process by 
tracking the control way 0=ωddP . The result of this 
simulation can be used to judge the transient 
characteristic of WPT and the stability of the 
connected power system under the transient process. 
 
3.2.1 Equations of WPT in dynamic process 
Transient equations are including electrical equation 
and mechanic equation [5] that derived from basic 
theory of asynchronous inductive generator. All 
parameters are converted to DQO candidate system. 
Uppercase and lowercase letters indicated the 
parameters of rotor and stator according. ω  and 

1ω are synchronous and asynchronous velocity of 
state magnetic field and generator rotor, the 
electrical equation of inductive generator can be 
expressed by equation (2); 
 

( )
( ) ⎪

⎪

⎭

⎪
⎪

⎬

⎫

−−−=

−+−=

+−=

++=

DQQ

QDD

qdqq

dqdd

iRp

iRp

ViRP

ViRp

ψωωψ

ψωωψ

ωψψ

ωψψ

12

12

1

1

                  (2) 

 
where, dtdp /= , ,i  ψ and V are currents, 

magnetic linkages and voltages. 1R  and 2R  are 
resistances of stator and rotor. In the view of WPT, 
define magnetic-electric torque as dqqdE iiT ψψ −= , 

TT  and WT are mechanic torque on WPT blade axes 
and generator input axes. The mechanical equation 
of inductive generator can be expressed by equation 
(3) 
 

( )
( )

⎪
⎭

⎪
⎬

⎫

=
−=

−=

1/
//

//

ωθ dtd
TTTdtdT

TTTdtds

HTwT

JET

                       (3) 

 
where, s is slip of generator, HT and JT are inertia 

time constant of turbine and generator, and θ is 
angle between stator and rotor. Based on equations 
(2) and (3), three standard equations that can be 
used for transient simulation are expressed by 
matrix equation (4) (refer to reference [5], deriving 
process is omitted). Where, dtdp /= , I,ψ , V  and E 
are respectively current, magnetic linkages, voltages 
and electrical potential matrixes. A matrix in 
equation is variable matrix and related to same 
electric parameters such as current, magnetic 
linkage, voltage and electric potential. And for B 
matrix, it is additional matrixes with same degree as 
A. 
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Equation (4) can be feasibly used in according to 

the simulation target and it also expressed by (5): 
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where, n is the order of system and r is the number 

of input, above equation can be written as following 
equation (6): 
 

⎭
⎬
⎫

Δ+Δ=Δ
Δ+Δ=Δ
UDXCY

UBXAXp                                              (6) 

 
here, C is output constant matrix; D is constant 

matrix related to input. Equation (6) is linearization 
state of (5) and enables to represent the states 
denoted by (5) in defined time range, therefore these 
two states are the equivalent states. Equation (6) is 
able to be linked to SIMULINK program and 
calculated by numeral method. Supposing the time 
period is defined, the linearization form of equation 
(6) can be realized by equation (7): 
 

⎭
⎬
⎫

+=
+=
DUCXY
BUAXX                                                     (7) 

 
Fig.5 describes the simulation procedure. Wind 

speed data and initial matrixes are given by 
P1,P2…Pn. 
 

 
Fig.5. Diagram of simulation procedure for 

sudden changes in wind speed condition 
 
 
 

 Simulation result 
The result of the simulation indicates a 600kW fixed 
speed WPT operates in stable condition and has 
good tracking ability during the sudden change in 
wind speed condition at the targeted installation site.  
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Fig.6. Wind speed that increases from 3.5m/s to 

13.8m/s at the defined installation site 
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Fig.7. Simulated results of 600kW WPT related to 

wind speed shown in Fig.6 at defined 
installation site. 

 
According to the simulation result, when wind 

speed was suddenly increased from 3.5m/s to 
13.8m/s (cut-out wind speed of WPT), all the 
mechanical and electrical parameters show stiff 
stable ability, and the WPT also showed good 
tracking ability during the sudden increase in wind 
speed conditions at the targeted installation site. 
Since the fixed compensating capacitor used in this 
research is sufficient to supply only one WPT’s 
reactive power need in this case, therefore this is the 
reason the grid voltage only fluctuated by a small 
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amount during this situation. But in the case when 
the compensating capacitor is not available, or in the 
case when the capacity of WPT is increased, then 
the reactive power required for WPT will be 
absorbed from the connected power system, and this 
may result on a grid voltage drop. This type of 
voltage drop phenomenon will be exacerbated if the 
weak power system is in the application. Therefore 
it is very important to determine the required 
capacity of the compensating capacitor bank needed 
for the capacity of the targeting power system when 
WPT is applied, and this procedure especially 
important when weak power system is in the 
application. 
 
 
3.3 Connecting process of WPT with system 

grid 
This section explains the concept of connection 
process between WPT and a targeting weak power 
system, and also presents the simulation result of 
this connecting process of our research. 
 
3.3.1 Concept of connection process 
Differing from synchronous generator, WPT will 
connect to the power system when cut-in wind 
speed level is reaches; and disconnect from the 
power system when it reaches to cut-off wind speed 
level. Because of these kinds of automatic 
connection activities, the WPT creates a transient 
process.  
 

 
Fig.8. (a) Interconnection of power system and wind 

farm (b) Equivalent transient circuit of 
connection process 

 
 

Usually the transient response of the WPT takes 
into account the fluctuation on the grid voltage, 
reactive power and active power. There are two key 
factors which influence the transient response on 
most WPT, the capacity of the targeted power 
system it connects to and the amount of WPT 
generation. For example, when WPT connects with 
a strong power system with a stiff grid, the 
fluctuation level of the transient response may not 
have much influence on the wind power system. But 
on the other hand, if the WPT connects with a weak 
power system, then the fluctuation of transient 
response will be more obvious. When a WPT with 
capacity less than 100kW connects with a power 
system, the transient processes can be 
approximately solved by the power flow 
calculations [6], and fluctuation of each parameter 
can be estimated directly from the equivalent circuit 
(shown in (b) Fig.8). But, in the case of large WPT, 
the fluctuation parameters are much more complex 
and involve non-linear properties. Hence the 
simulation by using Simulink will be much more 
efficient than by using the power flow calculations. 
 
3.3.2 Simulation result  
When WPT connects with a power system, it results 
in a momentary in-rush of current as the magnetic 
field is energized, and this high impact in-rush 
current can be limited but not eliminated. One of the 
methods to minimize this impact current is by 
controlling rotor speed of WPT when it connects 
with the targeting power system. Usually a WPT’s 
rotor with zero speed connecting with the targeting 
power system may create a heavier transient process 
compared to the WPT’s rotor with near rated 
operational speed. 
 

For this part of the simulation, parameters are set 
as follows: rotor speeds of 600kW fixed speed WPT 
equal to zero (Fig.9.(a)) and 95% of rated 
operational speed(Fig.9.(b)) when connected with 
the targeting power system. As the result of the 
simulation indicated, the peak value of in-rush 
current was 3400Amp and the duration time of this 
in-rush current was about 0.85 seconds when rotor 
speed of WPT equal to zero when connected to the 
targeted power system. Compared with this, the 
simulation result indicated the in-rush current was 
smaller (2900A) and the duration time of this 
current also much shorter if WPT connected with 
the targeted power system with rotor speed of WPT 
at 95% of rate operational speed. 
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Fig.9.Imapct current on 600kW fixed speed WPT; 

when connected with targeted power system 
grid with the rotor speed of WPT at (a) at zero 
(b) at 95% of synchronous speed 

 
In order to see the performance of the WPT when 

it connects to the targeted power system at rotor 
speed of WPT near or equal to rated operational 
speed, we set the WPT connected to the targeted 
power system at t=6second in this simulation. 
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Fig.10. Simulated result of 600kW WPT when it 

connected to targeted power system grid 
with rated operational speed at t=6s 

 
From the simulated result as shown in Fig.10, it 

indicated the voltage at W.F-bus drop instantaneous 
and recovers back in about 0.4 second. The 
percentage of instantaneous voltage vibration on this 

bus is about -4.5%. The main cause of this 
instantaneous voltage vibration is the transformer 
(690V/6.9kV) on the WPT side. This transformer is 
required to absorb the reactive power from 
connected power system when connecting with grid. 
In addition, because the compensating capacitor 
used in this simulation; the voltage on any bus of the 
wind power system are not fluctuated. But in the 
case where a compensating capacitor is not 
available, the grid voltage is expected to drop in a 
certain degree since the WPT is required to absorb 
reactive power from the connected power system. 
Fig.9 also provided the time range of the transient 
connection current, which is basic reference to 
determine the synchronic breaker shown in Fig.1. 
 
 
3.4 WPT under short circuit condition 
This section explains the concept of WPT under 
short circuit condition, and also presents the 
simulation result of the WPT connected with weak 
power system under short circuit condition of our 
research. 

 
3.4.1 Concept of WPT under short circuit 

condition 
Before installing a WPT into new site, it is also 
necessary to test the dynamic stability of the wind 
power system under the short circuit condition. 
When a short circuit occurs in wind power system, a 
large amount of impact current will be expected to 
flow from WPT and power system into the short 
circuit dot, and the grid voltage will also drop in 
initial time since reactive power of the power 
system cannot respond immediately. The grid 
voltage drop situation will be more obvious if short 
circuit happens in a weak power system. Therefore 
choosing the right fault protection system to ensure 
all part of wind power system are able to bear this 
impact current is extremely important. In order to 
solve this problem, it is necessary to determine the 
range of the impact current when designing WPT 
into the new site. 
 

Generally, there are two types of short circuit 
situations that might happen in wind power system. 
The first one is a short circuit inside the WPT 
related to the stator coil. This problem can be easily 
solved by using Matlab simulation tools. The second 
type of short circuit happens at the connection part 
where the WPT terminal connects with the power 
system grid(see (a) and (b) in Fig.11). This type of 
short circuit is usually caused by animals or mistake 
during the manufacture, and occurs usually in wind 
power system. 
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Fig.11.(a)Equivalent circuit of connection system,  

(b)Typical connection system of WPT system. 
 

When a short circuit happens in wind power 
system, the connected power system grid usually 
feeds a much bigger impact current to short circuit 
dot than WPT due to the capacity difference. 
Simultaneously, grid voltage will drop sharply due 
to a loss of reactive power. It is also known that 
when a short circuit occurs on any part of the 
connected system, the range of impact current 
depends mainly on the remaining reactance from the 
generator to the short circuit point. Regarding to 
high frequency of current, impedance created by 
compensating capacitor may be ignored. Therefore 
the general short circuit power and impact current 
may be expressed by equation (8): 
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where, gscS is short circuit power; gscI is short circuit 
current; sZ  is remained reactance; sU is voltage on 
system grid, wptZ  and wptU are remained reactance 
and rated voltage of WPT. From Fig.11 it can 
derivate sss xjrZ +=  and )( cnscnswpt xxjrrZ +++= , 
And if short circuit happened at the output terminal, 
then swptwptddwpt SUxXZ .

2"" .== .Here, arU is average 
rated voltage on power line. 1k  and 2k are constant, 
k =1.1 or 1.05 according to high or low grid voltage. 
 
3.4.2 Simulation result 
Fig.12 shows the simulated results when short 
circuit happened at t = 1s. The results show that, 
when the 3-phase fault occurred in the sub-bus1 at 
t=1 second (see Fig.1). The voltage, current, real 

power, and reactive power of W.F-bus all dropped 
sharply and reached zero in approximately 0.2 
seconds. The speed of the WPT rotor also increased 
sharply. In order to prevent damage to the WPT 
from this over-run condition, it is necessary for 
WPT to be disconnected from the power system 
within 0.2s by using the relay protection system. 
 

The fault happened in this kind of wind power 
system is barely caused by hard equipments of wind 
power system, instead of system equipments the 
animals are one of the important reasons to make 
this fault. From the other hand, the power system 
manufacturer is also one reason to cause this kind of 
fault. It is therefore suggested that the suitable 
signal and relay protect system is essential for whole 
connection system between wind power turbine and 
existing power system. The characteristics of fault 
current shown in Fig.12 is important reference to 
estimate the capacity and thermal limit in selecting 
the relative equipment in the connection system, 
especially in selecting the transmission power line 
of wind power turbine and power system. 
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Fig.12. Simulation result of 600kW WPT connected 

with weak power system under the shot  
circuit condition happened at t=1 second 
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3.5   Limitation of wind power capacity in   
the targeting weak power system 

This section explains the concept on limitation of 
wind power capacity installed to the targeting power 
system, and also presents the simulation result of the 
maximum wind power generation which is allowed 
to be safely installed at the targeting weak power 
system of our research. 

 
3.5.1 Concept of wind power capacity limitation 
Since WPT is based on the principal of induction 
machine, hence it would absorb reactive power from 
either the connected power system or from the 
compensating capacitor during its operation. Even 
though compensating capacitor is able to stabilise 
the grid voltage without consuming too much 
reactive power from the connected power system, 
but the device itself is costly, therefore, the 
compensating capacitors are not usually used in a 
weak power system, such as those found in the 
small sized rural regions. 

 
As mentioned previously, WPT would consume 

reactive power from the connected power system 
when its operation. When large numbers of WPT 
are applied, the effect to the power system will be 
much more serious, for example grid voltage 
fluctuation. Therefore in order to solve this problem; 
the limitation problem of WPT capacity is occurred 
in here. The limitation indicates the calculation of 
the maximum capacity of wind power generation 
which is allowed to be safely installed at the 
targeting power system. This procedure is especially 
important when wind power generation being 
considered for install into the weak power system. 
 

There are several methods that could be used for 
calculating the maximum capacity of wind power 
generation install in the targeting installation site. 
However, the most efficient way to solve this 
problem is by consider the range of grid voltage 
fluctuation. In this research, the voltage in every bus 
of the wind power system is closely monitored. 
Furthermore, the simulation is terminated once any 
of the bus voltage fluctuation falls outside the ±5% 
range of the rate bus voltage respectively. 
 
3.5.2  Simulation result 
To determine the maximum wind power capacity of 
the targeting installation site, we analyse the effect 
on the wind power system when we gradually 
increase the number of WPT in the installation site. 
According to the simulation result, when increasing 
the generation capacity of WPT by increasing 
number of WPT in the wind power system, it 

indicates the WPT require absorbing more reactive 
power in its operation. For example, one 600kW 
fixed speed WPT requires to absorb 228kVAR of 
reactive power, and five of this same WPT together 
will require 1140kVAR of reactive power for its 
operation. But since the compensating capacitor 
used in this wind power system of our research is 
only provides 219kVAR of reactive power, which 
only sufficient to compensate for the reactive power 
require of one WPT for its operation. Hence when 
there is more than one WPT in application, the 
insufficient reactive power will be absorbed from 
the connected power system. For example, when 
five 600kW WPT are installed, the total reactive 
power required is 1140kVAR. However the amount 
of this, only 216kVAR will be absorbed by the 
compensating capacitor; and the remaining will be 
received from the connected power system, and this 
is a main reason which leading to the problem of the 
grid voltage fluctuation. 
 

The simulation result also indicated that 7 WPTs 
(4200kW) provides the maximum wind power 
generation capacity allowed at this targeted 
installation site of our research. The WF -bus 
voltage falls outside the ±5% range of rate W-F bus 
voltage (-5.5%) when 8 WPTs are installed at this 
targeted installation site (Fig.14.), and this is not 
acceptable according to our defined stability 
standard of power systems. 
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Fig.14.Percentage of the rate bus voltage when 

difference numbers of WPT are installed at 
the defined installation site 
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4 Conclusion 
The applicable installation procedure for WPT to 
the weak power system was proposed and  
simulated in this research. The installation process 
proposed in this research can be use for any type of 
WPT into the targeted power system. WPT 
installation procedure may be summarized in the 
three steps. The first step is the estimation of Wind 
Matrix and Generation Matrix that are derive from 
the targeted WPT installation region. The second 
step is to select the optimal bus of targeted power 
system for WPT to connect with. And the final step 
is the calculation of the maximum capacity of wind 
power generation which is allowed to be safely 
installed at the targeted power system. The 
installation procedure is the same for WPT installed 
either to the strong or weak power system, the only 
minor difference is in the step two of the installation 
procedure which mention in above.  
 

The simulation result provided by this paper is 
based on the full generation capacty of wind power 
turbine, the reason to do this is to make it possible to 
verify stability of whole power system under the 
most dangerous condition. If the wind power system 
and connected power system are able to sustain 
from the impact by the full generation that is driven 
from the full wind condition, then it is possible to be 
say the WPT will able to sustain any influence that 
caused by the other wind speed conditions. From 
this concept, the result from this paper is vaulable 
and can be used in real practical applicaton. 
 

This paper only presents the result of computing 
simulation to the readers, but in reality, some factor 
which affect the practical situation have not been 
mentioned in this research. For example the wind 
speed condition at the targeted installation site. 
Although the wind condition at the targeted site is 
able to be estimated by computational model, the 
detail of the wind speed characteristics still remain 
as a complex problem. The characteristc of land 
shape and turbulent wind flow will affect on our 
simulation result, but this is usually ignored by the 
research in the WPT installation problem; and this 
also is not mentioned in this paper. Sometimes it is 
possible to increase the WPT generation by 
considering the land shape in the targeted 
installation site. Different sections of the land shape 
will provide different wind speed conditions, and 
this will lead to different amount of WPT generation 
available in different sections of the targeted power 
system. This could be the next research topic for the 
authors to investigate. 
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