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ABSTRACT 

This paper presents the performance investigation of voltage and current for dynamic model of 

the wind turbine. In this study, the various numbers of wind turbine speed are applied in the 

simulation. This treatment is intended to see how much influence the turbine speed has on the 

voltage and current output. IEEE 14 bus system is integrated to the wind turbine in order to 

observe the impact of on-grid connection to the voltage and current performance.  How to 

model wind turbine in PSCAD simulation software also discussed in this paper. The detail of 

supporting components in designing a wind turbine system and their functions are also 

explained. Several values of turbine speed are also considered in this paper as a study material in 

seeing the performance of wind turbines. The relationship between wind speed and pitch angle 

will also be discussed to ensure that the wind turbine is not damaged. In order to prove the 

accuracy of the simulation model, the obtained measurement generation of active power from 

the wind turbine is matched with the manual calculation. Based on the various wind speed 

values that have been tested, this can be the basis for the application of wind turbine (renewable 

energy) design development for further research. 
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I. INTRODUCTION 

 

 The issue about emission carbon (CO2) has been raised in the last decade. The main 

contribution of the emitted carbon and greenhouse effect already discussed in paper [1]-[3]. The 

crucial data from these papers shows that 37% of the global greenhouse gas emissions, 80% was 

contributed from energy uses.  Another paper in [4], compare the conventional technologies 

(electrical generation using fuel fossil) with the solar power generation. It was shown that the 

renewable energy able to reduce carbon emission 100-230 gC/kWh.  So, renewable energy is a 

type of energy that can be replenished and can be renewed due to the source of this energy is 

from natural sources around us. Another reason why renewable energy is needed in the future 

due to fossil fuel will finish in one day, as mention in the papers [5]-[6]. It is very crucial to find 

alternative energy in order to replace the fossil fuel. There are several types of renewable energy 

that are being used right now such as wind energy, thermal energy, biomass energy and solar 

energy. Wind energy is one of the famous renewable energy due to it is from wind that can be 

found anywhere. These sources can be used to generate electricity using suitable systems such as 

hydroelectric systems that generate electricity from water, solar systems that generate electricity 

from sunlight, windmill systems that generate electricity from wind sources and many other 

sources. The generated energy is usually used in four fields or area which are water heating or 

cooling area, transportation area, electricity generation and rural energy services. The analysis 

that has been done by International Energy agency (IEA) in 2017, 24% of the world power 

demand was supplied by renewable energy. This percentages of the power renewable power 

source supplies expected to increase to 30% in the years 2023. Hydropower remains the largest 

renewable source with a 16 % contribution of global electricity, followed a 6 percent by wind 

energy, 4 percent by solar PV and 3 percent by bioenergy [7]. Other papers [8]-[9] mention that 

90% of the greenhouse effect comes from burning fossil fuels.  

 

However, in developing countries that are still in the early stages of industrial development, 

there will be scaling effects and pollution. This is due to imperfect and inefficient industrial 

regulation in developing countries [10]. On the other hand, an increase in per capita income will 

cause the production system to develop rapidly. This results in changes in output and input. 

Subsequent developments will also affect the agrarian movement to industry and service 

businesses which will reduce pollution gradually [11]. In addition, with the growth of a country, 

technological developments will replace cleaner technology in the production process [12]. 

From several reviews that have been carried out, green technology has begun to be 

developed in several countries in line with technological developments and the need for higher 

electricity to support the growth of the industry. Such as the development of renewable energy 

in African countries as described in the paper [13].  

 

Discussion on the development of renewable energy in Malaysia has also been published in 

a paper [14]. The Malaysian government has considered various situations that may be faced in 

the Long term. Various programs and solutions called the Malaysian Fit-in Tariff (FiT) were also 

implemented in 2011. This paper also discusses the potential for renewable energy in Malaysia. 
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The discussion on renewable energy has also been presented in the paper [15]. According to this 

paper, renewable power generation has the highest percentage of total installed capacity in the 

market using Feed in Tariff (FiT). One of the renewable energy options that has many 

advantages is wind turbines, as described in a paper [16]. Wind energy is energy that is pollution-

free and competitive when developed with modern technology. In short sentences, it can be 

explained that the energy available in the wind is converted into electricity or mechanical power 

through the use of wind turbines. The wind turbine consideration also mentions in paper [17]-

[18]. These papers shows that 27% of growth in India was contribute by wind turbine. It is 

means that wind turbine effective to change the number of electricity generation of fuel fossil. 

Along with the development of this technology, several studies on wind turbines have been 

discussed in a review paper [19]. To improve the performance of wind turbines, turbine design 

has also undergone several stages of development, as presented in paper [20]. Based on this 

research, to enhanced wind power extraction, high rotor effectiveness is desirable and should be 

maximized within the boundaries of affordable manufacturing. Energy (P) is conveyed as a total 

of its kinetic energy via moving air. However, this paper was not presented the detail data of 

wind turbine speed. In order to support the simulation data of this paper, paper [21] was 

adopted. The models the wind turbine type 3 in PSCAD. The function of the wind turbine is 

that the usable air produces maximum power without increasing the equipment level. Some 

limits occur at zero energy–when the wind speed drops under 4 m / s and the air movement 

rises over 25 m/s. The average velocity is 11 m/s. 

 

Based on the above discussion, this paper presents the voltage and current assessment 

based on the various wind turbine speed. To observe the performance of voltage and current, 

the wind turbine is integrated with IEEE 14 bus system. How to design the dynamic model of a 

wind turbine by using the PSCAD simulation program also discussed in section 2. This paper 

will focus to discuss the correlation various speeds of wind turbine, duration time, pitch angle, 

voltage and current output. This investigation was run by using the transient elements from the 

PSCAD library.  
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II. METHODOLOGY OF THE RESEARCH 

 

General stage of methodology of the research is illustrated in figure 1.  

 

 
 

Figure 1 

Flowchart 

 

 The work is started from the design the wind turbine and IEEE 14 bus system in the 

PSCAD. Some of the component of the wind turbine was adopted from [21] as references. 

Before connecting the wind turbine, it is very crucial to make sure that wind turbine and IEEE 

14 bus system have been running well separately.  The various of speed will applied in order to 

observe the impact of the speed to the voltage and current output. In order to prove that the 

simulation design has the correct output, the manual calculation and simulation result of the 

power will match. The discussion of the obtained result is another important part of this paper. 

The detail of the proposed design of the wind turbine are explained as follows. 

 

The proposed design of dynamic wind turbine 

 This section has focus on how to design dynamic wind turbine integrated with 14 bus 

IEEE system network. The main component that uses to build the wind turbine is wind mode, 

wind turbine, synchronous machine, rectifier and voltage source inverter and the power 

electronic control. How to construct a model of wind turbine in PSCAD with their component 

was adopted from paper [21]. The output current of the wind turbine multiple by the number of 

units that exist in the wind farm. In this design, the wind farm has 60 unit. The output current 
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also will be multiple by the number of units which is 60 and the output will be injected to the 

power system through current sources. The nominal wind speed input is used 11m/s. 

 

2.1.1. Wind turbine component 

 Type-3 wind turbine generator (WTG) is also known as Doubly-Fed Induction 

Generator (DFIG) as illustrated in figure 2.  

 

 
(a) Mechanical system 

 
(b) Electrical system 

 

Figure 2 

Modelling of wind turbine in PSCAD 

 

 The WTG can be described in two form of the separate system which is in mechanical 

system and electrical system as shown in Figure 2(a) and (b) respectively. The mechanical system 

consists of wind turbine and pitch angle controller, while the electrical system consists of grid-

side converter and control, rotor-side converter and control DC link system and low pass filter. 

Mechanical system can extract the power at the maximum rate from wind and yield or produce 

mechanical torque. After that, the electrical system, will convert the mechanical torque to the 

electrical one and thus electric power. The connection between mechanical and electrical system 

is the induction machine. 
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2.1.2. Component of Dynamic Wind Turbine  

 This prototype of wind turbines was designed to include blade installation (2 or 3 

rotor), speed ratio, energy coefficient and sweeping region and radius of the edge.  Shaft 

dynamics are not considered in this design and can be used in combination with the method of 

the wind power.  Inputs are the air velocity (Vω) and the electrical velocity of the turbine (ω).  

Beta is the pitch angle and is reached in degrees of the turbine blades.  Tm and P, depending on 

the value of the system, are the per unit performance and power torque. There are 2 type of 

turbine model which are first a 2 blade (MOD 5) and another one is 3 blades (MOD 2). 

 

A. Wind turbine  

 The input of this wind turbine is Vω means wind speed in (m/s), ω means the 

mechanical speed of machine in [rad/s] and Beta means pitch angle in degree. For the output 

parameter of wind turbine, first is Tm refers for the output torque of wind turbine in per unit 

and another output is P means output power of wind turbine in per unit (pu). The wind turbine 

model output and input signal can be seen in Table 1 below. 

 

Table 1 

Wind Turbine Model Output and Input Signal 

 

Inputs 

Symbol Definition values 

Start 
Enable signal when IM connected to the grid this signal starts the wind 

turbine 
 

ωD Initial mechanical speed of Induction machine (pu) signal 

Vω Wind speed [m/s] signal 

ωm Measured mechanical speed of IM (pu) signal 

Ppu Measured mechanical power of IM (pu) 5.5 

Output 

Tm Mechanical output torque of wind turbine (pu) signal 

Pref Mechanical output power of wind turbine (pu) signal 

 

 The main function of the wind turbine without violating equipment specifications is to 

extract maximum energy out of the air generated. Certain restrictions occur if zero power 

operation, when the wind velocity is less than 4 m / s. When the air reaches 25 m / s. The 
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average wind speed is 11 m/s and the mechanical output of wind turbine are calculated by using 

the following formulation: 

      (1) 

Where: 

P: mechanical power extracted from wind turbine. 

Area swept by rotor blade. 

Wind speed in m/s. 

: tip speed ratio. 

Pitch angle. 

Power coefficient (provide by the manufacture that set curve relating  to  with  

paramneter. 

 

B. Pitch Angle Controller  

 It has two situation that depend on the wind speed. First situation is when the wind 

speed is below the rated wind speed, the available mechanical power is smaller than rated 

electrical power of induction machine. Therefore, the operating strategy is to capture as much as 

power that possible. This situation can be achieved by setting the pitch angle to its minimum 

value which 0 degree. Second situation is when the wind speed is exceeding the rated speed, the 

available mechanical power is exceeding the rated induction machine. The power delivers to the 

electrical system limited by reducing the effective area of blade, this situation can be achieved by 

increase the pitch angle between 0 to 25 degree. 

 

C. Wind TRQ (Wind Turbine Torque) 

 The main function of the wind turbine is to extract maximum power from available 

wind without exceeding the rating of the equipment. Some limitations exist at zero-power 

operation. When the wind speed is lower than 4 m/s, and when there is excessive wind, with 

wind speeds higher than 25m/sec. The nominal wind speed is 11m/s. 

 

D. External Electrical Node (Xnode) and Circuit Breaker 

 The Xnode is used to make external electrical connection with electrical system. Circuit 

breaker is function to simulate 3 phase circuit breaker operation. When breaker logic 0=ON 

(closed) and when 1=OFF (open). 

 

E. Wound Rotor Induction Machine 

 The electrical part of this project consists of induction machine and AC-DC-AC 

converter. The induction machine will be started in speed control mode as the input of ‘s’ will 

be set to 1. The ‘ω’ input value run at ωo speed in speed control mode. But the ideally speed 

should setup close to final steady state rotating speed which is 1.2 pu. When the induction 

machine is synchronized to the grid the S will turn to zero and it operates in torque control 

mode.  

Where: 
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W:  Speed input in per-unit.  When machine is in speed control mode the machine runs at W0 

speed.  

S:  A switch to select speed control mode (1) or torque control mode (0).  

T:  Torque input in per-unit.  If the machine is in torque control mode then the machine 

computes the speed based on the inertia and damping coefficient, the input and output torque. 

 

F. AC-DC-AC Converter 

 In the AC-DC-AC Converter is illustrated in figure 3, it consists of rotor side converter, 

grid-side converter, DC link system, grid-side control, and rotor side control. The function of 

grid side converter is to control the DC bus voltage, while rotor side or generator converter 

control active and reactive power by controlling current of the rotor circuit. Both are operating 

as voltage source converters. 

 

 

 

 

 

 

 

Figure 3 

Figure show the Converter 

 

2.2.  Wind farm and IEEE 14 bus system 

In order to observe the performance of the wind farm, the wind turbine also connected to 

the IEEE 14 bus system. By using IEEE-bus systems to introduce fresh concepts and ideas. As 

shown in figure 4, the system contains of the loads, condensation benches, transmitters, and 

generators. It is a classical power system consisting of 2 PV buses in which bus 1. It has 3 

synchronous condensers in buses 3, 6, 8 that function to provide reactive energy support. There 

are also 11 bus loads and 19 lines. Figure 4 shows a single line template for the 14-bus network 

connected wind turbine in PSCAD.  
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Figure 4 

Wind farm model connected with IEEE 14 bus system in PSCAD. 

 

III. RESULT AND DISCUSSIONS 

 

This section is discussing the output of dynamic wind turbine integrated with IEEE 14 bus 

system. The impact of various speed of wind turbine also discussed in this section.  

 

 

3.1. Output Generated from Wind Turbine 

In this research, the output of wind turbine with different wind speed have been recorded. 

The value wind speed that has been selected is 1m/s, 4m/s,11m/s,18m/s and 25m/s. Why this 

different wind speed had been selected is to observe how the pitch angle system react due to 

different wind speed to control the power output generate by the wind turbine. Simulation result 

from different wind speed has been recorded in 4.2.1(A, B, C, D, E). 
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3.1.1. Wind speed: 1m/s 

The output of wind turbine depends on wind speed. Table 2 shows the obtained result 

when the wind speed is set to 1m/s in the simulation. 

 

Table 2 

The input and output values when wind speed at 1m/s. 

 

Time(s) Pitch Angle(⁰) Current output(kA) Voltage output(kV) 

1s 0⁰ 1.1044 0.1522 

4s 0⁰ 0.4614 0.0965 

5.15s 0⁰ 0.076 0.0523 

8s 0⁰ 0.3422 0.047 

27s 0⁰ 0.118 0.148 

 

From table 2, the pitch angle of the wind is always 0⁰ means that the operating system will 

capture as much as power as possible. The wind speed is 1m/s, therefore it will generate as 

much power as possible because the turbine can support to generate power with this speed. 

 

 

Figure 5 

Input and output signal when wind speed at 1m/s. 

 

From figure 5, it shows that time taken to take the output data is between 1 – 30 second. 

However, from the graph the stable output data only occurs between time 17 second to 30 

second. Therefore, the stable data can be seen at time 27 second which the current output for 

wind turbine is 0.118kA and voltage output is 0.148kV. 
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3.1.2. Wind speed: 4m/s 

The next observation was done for wind speed 4 m/s. From the simulation result, various 

time can be seen in table 3 below. 

 

Table 3 

The input and output values when wind speed at 4m/s 

 

Time(s) Pitch Angle(⁰) Current output(kA) Voltage output(kV) 

1s 0⁰ 1.0998 0.1528 

4s 0⁰ 0.3392 0.08373 

5.15s 0⁰ 0.0563 0.02813 

8s 0⁰ 0.3607 0.05895 

27s 0⁰ 0.1080 0.1534 

 

From table 3, the pitch angle of the wind is always 0⁰ means that the operating system will 

capture as much as power as possible. The minimum of wind speed is 4m/s, therefore it will 

generate as much power as possible because the turbine can support to generate power with this 

speed. 

 

 

 

Figure 6 

 Input and output signal when wind speed at 4m/s. 

 

Based on figure 6, it shows that time taken to take the output data is between 1 – 30 

second. But, from the graph the stable output data only occurs between time 20 second to 30 

second. Therefore, the stable data can be seen at time 27 second which the current output for 

wind turbine is 0.1080kA and voltage output is 0.1534kV. 
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3.1.3. Wind speed: 11m/s 

In section 3.1.3, discuss about output of wind turbine depend on wind speed 11 m/s. From 

table 4, the pitch angle of the wind is always 0⁰ means that the operating system will capture as 

much as power as possible. The ideal of wind speed is 11m/s, therefore it will generate as much 

power as possible because the turbine can support to generate power with this speed. 

 

From the above calculation, it is proven that the simulation is same with the theoretical. 

When the wind speed is 11 m/s, the wind turbine generates the actual power 4.7824MW. It is 

matched with the first calculation which obtain the actual power 4.7608MW. For calculation no 

2, there is very small differences between calculation and simulation result around 0.06963. It is 

possible due to the value of phase angle reduce when the wind speed increase. However, if the 

decimal value only considers one number, it is clear that there are no differences between 

simulation and calculation values. From the table 8 and the third row, it shows that the actual 

power has the same value with the calculation. It is followed by the third calculation which have 

the result 4.96595MW. This value is very close to the actual power in table 8. 

 

IV. CONCLUSION 

 

 This paper has successfully designed a dynamic wind turbine in PSCAD software. Wind 

energy was used to represent renewable energy. To obtain the current, voltage and active power 

output, the wind speed values and all wind turbine parameters have been entered into the 

PSCAD software. The integration of the wind turbine and the IEEE 14 bus test system was also 

carried out to see the performance of the wind turbine. Various wind speeds are also simulated 

in this paper to analyze the performance of voltages and currents. From the results obtained, it 

shows that the value obtained is stable when the wind turbine speed reaches a value of 25m/s 

with a duration of 27 seconds. From the results obtained, it can be ascertained that the safe 

wind speed conditions are not more than 25m / s or reaching 50 miles per hour. Where the 

wind speed and pitch angle play an important role in controlling the output voltage and current. 

The simulation results and calculations prove that the PSCAD simulation is in accordance with 

the basic theory of the electric power system. The voltages are measured and rated successfully 

across the test network at PSCAD. 
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