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ABSTRACT. This paper presents a real power system which consists two types of power supplies. The 

power system consists a wind farm and a hydroelectric power system and other system components, such 

as loads, transformers, transmission lines and compensatory. First, a harmonic analysis is performed for a 

system in Greece. Then, a real system in Iran is simulated using the model of System’s harmonic 

components and the produced harmonies are studied. Network parameters also belong to information of 

Iran’s transmission and distribution lines. First, power generation sources individually enter the circuit, then 

the current and voltage harmonic distortion generated by the wind farm and hydro power plant is analyzed 

and compared to each other. A real network is analyzed her by two methods of frequency scan and fast 

Fourier transform (FFT). Different typologies are implemented and the results are analyzed by 

MATLAB/Simulink. Finally, voltage and current harmonic components are determined using FFT analysis 

and it is obtained that harmonic distortion generated by wind farms is significantly more than harmonic 

distortion of hydropower plants. 

Keywords: wind farms, hydropower plant, total harmonic distortion (THD), transformer, transmission 

lines 

 
 

INTRODUCTION 

An ideal power network is a network in which electrical energy is transferred as sine 

voltage and current at a constant frequency to consumption centers by power plants at 

certain voltages [1, 2]. However, in practice, presence of facilities with non-linear 

characteristics and power electronic devices in different sections leads to harmonic 

distortion in fine shape of current and voltage in power network [3, 4]. This shows 

importance of understanding and studying harmonics in power network as a new branch 

in engineering [5, 6]. 

One problem of electricity quality in distribution and transmission systems is 

harmonics issue which has received lots of attention and many investigations are 

performed about it in literature [7, 8]. Harmonic distortion causes specific problems in 

power network, such as lack of proper performance of facilities and reduction of life time 

and efficiency of devices [9, 10]. Increasing production of electricity from renewable 

resources has been one of the most important purposes of countries, to maintain 

nonrenewable resources and because of environmental issues [11, 12]. These resources 

consist producing electricity through hydroelectric power stations and wind farms. 

Increase in distributed production resources, increase in nonlinear loads, and resources 

like wind farms, which use power electronic devices- have caused growth of voltage and 

current’s harmonic distortion in network that produce 6k+1 harmonics [13, 14]. Statistics 

mailto:auobashrafpour@yahoo.comac.ir


Ashrafpour et al.: HARMONICS GENERATED BY HYDROELECTRIC POWER PLANTS AND WIND FARMS IN THE 

POWER SYSTEM 

22 

 

 

 

 

show that there was about 148 billion dollars of investment in wind power plants at 2007 

which shows a 60 percent growth comparing to 2006. The type of harmonic distribution 

in wind turbines is different from harmonic distribution of other devices such as loads 

and home devices. Effect of harmonic distribution on power system is an important matter 

which always should be watches during harmonic studies on power system [15, 16]. 

One of generators that is applied in wind turbines is double-fed induction generator 

(DFIG) [17, 18]. Double-fed induction generators are one of suitable devices for systems, 

therefore, variable speed wind turbines that are connected to these generators become 

capable of controlling active and reactive power [19, 20]. Considering the power 

electronic convertors that are connected to these generators, they can cause harmonic 

production in the system. Whenever these harmonics interfere with resonances that exist 

in network, they increase domain of these harmonics. A phenomena named resonance 

occurs in power systems because of presence of inductance and capacitance elements. 

Conditions for occurrence of resonance phenomena in transmission network is less than 

distribution networks. Natural frequency of circuit is more limited in transmission 

network comparing to natural frequency of distribution network because of higher 

capacitance, as a result it occurs at harmonics lower than feed voltage. Resonance in 

system happens as a result of inductance and capacitance elements; where, network 

resonances should be identified in harmonic studies. Connection of wind turbines via 

underground cables can introduce another capacitance element to system because 

capacitance of underground cables has significant impacts on system resonance frequency 

[21, 22]. Most of AC generators produce entirely Sine current and voltage. Nonetheless, 

modern distributed production systems use power electronic convertors for connection 

which this increase harmonic in system by itself. Some of distributed production 

resources are solar power plants, fuel cells, wind farms, and small hydropower plants [23, 

24]. For implementing intended harmonic analysis purposes a multi-bus system with three 

feeders is used in this paper. Fast Fourier transform (FFT) (identify harmonics) is used in 

simulation because of its capabilities in fast calculations [25, 26]. A hydroelectric power 

plant is simulated in first section. 23.8 GW of electricity produced in Iran is via hydro 

power plants which this number is 150 MW for wind farms and is an insignificant and 

notable amount [27]. As there was a considerable progress in recent years at distributed 

production field, especially about wind energy, lots of investigations are performed in 

control and performance as a result of disturbances of these devices in power network, 

too. Of disturbances in network, transient response and permanent state of turbines under 

voltage’s unbalanced conditions are mostly concerned [28]. 

System’s harmonic studies is an important issue for power network strength quality. 

Therefore, a power system with all components should go under harmonic investigation 

and all of power quality’s standards about harmonics should be considered for them. In 

this paper, a real system in Greece goes under harmonic analysis; then, a real system is 

simulated using harmonic model of system components. This real power system is 

consisted of two power production resource, hydro power plant, and wind power plant. 

This system includes twenty wind turbine (MANJIL 1), with capacity of 680 KW each- 

and also a hydro power plant (KAROUN 4), which includes 4 power production unit with 

capacity of 1000 MW each. This set is connected to a network with 400 KV and 5000 

MVA. This system also includes several hundreds of air lines and several loads. Results 

of system simulation and harmonics’ impact on different components of system are 

indicated. Calculating total harmonic distortion (THD) and frequency scan (resonance 

identification) are applied for identification of resonances during FFT analysis. At the 



Ashrafpour et al.: HARMONICS GENERATED BY HYDROELECTRIC POWER PLANTS AND WIND FARMS IN THE 

POWER SYSTEM 

23 

 

 

 

 

end, harmonic elements of current and voltage are determined using fast Fourier 

transform (FFT) and it is indicated that harmonic distortion produced as a result of wind 

farms is significantly more than harmonic distortion in hydro power plants. 

 

SIMULATION OF POWER SYSTEMS AND HARMONIC ANALYSIS 

Purpose of simulation is to identify voltage’s distortion and to find possibility of 

dangerous resonances and adjusting them with standards and consequently to apply 

modification and correction methods. Modeling steps include: identifying harmonic 

generative resources, properly modeling them, properly model other elements of system, 

and simulation for different forms. 

Harmonic Model of System’s Component 

In this section, harmonic model of system’s components, including asynchronous 

machine, transmission lines, types of loads, transformer, and synchronous machine, are 

shown. 

Asynchronous and synchronous machine: Induction device with equivalent simplified 

circuit for showing harmonic frequency fr=h.f1 is shown in Fig. 1 in where RB and XB 

are resistance and reactance of locked rotor, respectively. Also, a=R1/RB, where R1 is 

stator’s resistance and has a magnitude between 0.45-0.5. Sliding in frequency ff can be 

calculated as: 
 

Eqn. 1 

where wr is rotor’s speed and ± is for positive/negative sequence [29]. Harmonic 

model of synchronous machine is depicted in Fig. 2 where R2 and X2 are resistance and 

reactance of negative sequence, respectively. X2 is usually estimated by under-transient 

reactance of d and q axels [30]. 

Fig. 1. Harmonic model for synchronous Machine 
 

 

Fig. 2. Harmonic model for asynchronous Machine 
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Eqn. 2 

(b) Transformer’s harmonic model: In zero sequence, the side of star of null wire is 

earth, for transformer. In positive and negative sequence, transformer is modeled with 

series harmonic impedance equal to Zk,h=Rkh+jhXk; where, Xk is reactance of short 

circuit in fundamental frequency and Rkh is 
 

Eqn. 3 

Also, Rk is resistance of short circuit in fundamental frequency. Values of (3) obtained 

as Table 1. Transformer’s harmonic models is depicted in Fig. 3. 

 

Table 1. Value of parameters for different transformer models 
 

 co c1 c2 B 

Distribution Transformer 0.85-0.90 0.05-0.08 0.05-0.08 0.9-1.4 

Transmission Transformer 0.75-0.80 0.10-0.13 0.10-0.13 0.9-1.4 

 
 

Fig. 3. Transformer's harmonic model 

 

(c) Load’s harmonic model: Different types of load include: passive, active (revolving 

or engine load), and power electronic (non-linear). Load’s model is important for accurate 

evaluation of harmonic resonance domain. In this section, three harmonic models are 

shown for load which in all of them R1 and X1 are resistance and reactance of 

fundamental frequency, respectively. Harmonic model is depicted in Fig. 4 for three 

different loads. 

(d) Choosing proper load model is important for evaluation of harmonic resonance 

domain. In this paper, model A is used for implementation of power systems, because this 
model has best performance comparing to others. 

(e) Lines and cables’ model: Pi model with compact parameters are used for air lines 

and cables. Resistance, inductor, and capacitor are distributed homogenously through 

distribution line for a transmission line. Distributed transmission line model should be 

used for air lines, if the length is more than 145 KM. Skin effect should be considered, 

because it weakens high frequency harmonics. An approximate model of line with 

distributed parameters obtained via locating several similar Pi sections as cascade. 

Despite spread parameter model, which have infinitive states, linear model of Pi sections 
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has a finite number of states which provide possibility for calculating linear state space 
model. 

Fig. 4. Harmonic model for three loads 

 

Current’s Harmonics Measurement 

Accurate harmonic implantation and analysis of a real system is a complicated problem 

that consists developed models for all of system’s component -such as consumer’s load. 

Harmonic components are time-variable. One reason is the change in point of turbine’s 

work which consequently some changes occur in convertors through control system and 

pulse width modulation which leads to changes in harmonic components. Three-phase 

currents have components which are integer multiples of frequency in system as a result 

of harmonics. Three-phase harmonic current is obtained via following equations: 
 

 

Eqn. 4 
 

Eqn. 5 
 

Eqn. 6 

 

where, In is order n harmonic current, T is periodicity, and fo is fundamental 

frequency. There is a property for current and voltage harmonic components. This 

property is THD. According to standard code IEC61000-3-6 current and voltage total 

harmonic distortion can be obtained by [31]: 
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Eqn. 7 

 

where Mh is the hth effective harmonic component and M1 is main component. THD 

is criteria for measurement of harmonic component’s effective value of a distortion wave. 

Effective value of a wave is related to THD according to following equation. A wave’s 

total effective value RMS isn’t equal to summation of all its components, rather is 

obtained by summation of square of each components of that wave [32]. 
 

 

Eqn. 8 

Therefore, THD index is defined as ratio of harmonics to main component. If there is 

no main component, consequently the value of THD tends to infinity. Forasmuch as 

domain of higher order harmonics (orders more than 50) is insignificant, therefore 

analysis takes place until 50th harmonic and all values of harmonic voltage and current 

would be obtained in MATLAB software. The most accurate results will be obtained after 

10 minutes of simulation. Harmonic active power also is calculated as 

Eqn. 9 

where, Ih and Vh are harmonic voltage and current, respectively. If value of p(h) is 

greater than zero in equation (9), source of production of harmonic is in network’s side; 

however, if p(h) is less than zero, then source of production of harmonic is producer if 

power [33]. 

 

SIMULATION OF A POWER SYSTEM CONSISTING WIND FARMS IN 

GREECE 

In this section, wind farm with capacity if 20´500 KW in a power network presented 

by Papathanassiou and Papadopoulos [34] is studied which includes several kilometers 
of high voltage and average voltage submarine and air lines with voltages of 150, 20, and 

15. Then, system’s harmonic impedance is analyzed and its value is calculated. Wind 

turbine which is connected to an average voltage network in Cephalonia city in Ionian 

Sea is studied. It is connected to a main power plant via continuous high and average 

voltage air lines and submarine lines. High capacity of underground cables -which can 

cause resonance condition- makes the analysis more difficult. Single-linear diagram of 

the studied system is depicted in Fig. 5. Triangle/star earthed transformers are used and 

error current is confined by a 10 Ohms resistance at second one. Harmonic spectrum is 

between 1-1.5 in old machines but it has decreased significantly in modern devices. When 
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there is minimum load, all compensators should switch to circuit. However, only one 

compensatory with a 12.5 MW should switch when there is maximum load. Argostoli’s 

average voltage network -to which a wind turbine is connected- consists hundreds of 

kilometers of air lines. The turbine itself is not the component which creates harmonic, 

rater it is the convertors that enter to network with the turbine; therefore, one can indicate 

the convertors with a current resource by mentioning its phase. Output current wave is 

measured and harmonic spectrum is indicated in Fig. 6. Harmonic spectrum is between 1 

and 1.5 KHz. 
 

 
 

Fig. 5. Diagram of Greece single linear system (150 KV submarine Cable, 150 KV 

air lines and 15 KV double air lines) 
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Fig. 6. Output current and harmonic spectrum measured in output of wind farm 

 

Variable-speed wind turbines inject harmonic currents into the network of, which 

creates harmonic distortion problems. This paper explains modeling methods, then, 

performs calculations of load distribution. System harmonic Impedances are calculated 

according to harmonic models of components and main characteristics of system are 

discussed. Although variable-speed wind turbines are suitable machines for all 

components of system, but the harmonics produced by convertors at the side of network 

may cause concerns in case of interference with network’s resonance. Accurate harmonic 

implantation and analysis in a real system is a very complicated task which needs to be 

developed for all system components -including consumer’s loads which is the most 

important concern in system. Implementation of load distribution studies is unreasonable 

for wind production sources in distribution networks because of their high number and 

relatively small size. Therefore, simple evaluation methods are approved for presenting 

fast results based in conservative hypothesizes. 

Harmonic resources are modeled with current’s source and expression of phase’s angle 

in this impedance modeled. Coupling of various ordered harmonics with each other is 

neglected. A network equivalent with three-phase network, converted in symmetrical 

component area, is modeled. Therefore, zero sequence harmonic distribution is shown 

correctly and the only possible difference is in characteristics of positive and negative 

sequence of system. 

 

Current’s Frequency Spectrum 

Average voltage network of Argostoli station, the place that wind turbines are 
connected, has several kilometers of 15 KV air lines (a capacity equivalent to 5 nF/Km) 

and 15 KV submarine cable lines (a capacity equivalent to 300 nf/Km) with the length of 

6.5 Km. Total shunt capacity of this network evaluated to be about 6 mF. Output current 

curve and harmonic spectrum of wind turbine is shown at Fig. 6 and in high voltage bus 

at Fig. 7. Also components and total harmonic distortion in buses are presented in Table 

2. Measurements are performed at the side with average voltage and currents can only 

include positive and negative sequence. Main harmonic spectrum is between 1 and 1.5 
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KHz. Considering harmonic spectrum at above figure one can observe that in harmonic 

spectrum can be problematic in older machines, but harmonic spectrum has decreased 

significantly for new machines in modern turbines. 
 

 

Fig. 7. Current and harmonic spectrum measured in high voltage bus 

 

Table 2. Components and total harmonic distortions in all buses (% of frequency) 
 

Bus Offer 
PCC bus High voltage bus 

Current 

component 
Voltage 

component 

Current 

component 
Voltage 

component 

1 100 100 100 100 

3 0.5 0.3 0.3 0.1 

5 2 1.5 0.7 0.4 

7 1.8 1.3 0.5 0.3 

9 1.6 1.2 0.4 0.1 

11 0.7 0.5 0.1 0.06 

13 0.4 0.2 0.08 0.009 

15 0.3 0.15 0.07 0.006 

17 0.5 0.4 0.09 0.001 

19 0.3 0.2 0.07 0.006 

21 0.3 0.2 0.07 0.006 

23 1.7 1.5 0.4 0.1 

25 1.6 1.4 0.3 0.06 

27 1.8 1.7 0.5 0.3 

29 0.8 0.6 0.1 0.09 

31 0.7 0.5 0.12 0.01 

33 to 49 1.5 1.3 0.22 0.1 

Total Harmonic 

Distortion 
5.2% 2.78% 8.5% 0.39% 
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Fig. 8. Domain and angle of harmonic impedance in 150KV load bus 

 

Frequency Scan 

Harmonic currents crossing from system’s impedance cause a harmonic voltage drop 

and consequ- ently create harmonic voltages at two ends of load. Amount of voltage 

distortion depends to current impedance. While the current harmonies created by load 

finally because voltage distortion, however, one should keep in mind that load has no role 

on voltage distortion. A same load in different locations of power system creates two 

different amounts of distortion. 

Fig. 8 shows the changes of system’s impedance with harmonic frequency in buses 

150 and 15 KV of Argostoli. Frequency scan is done for minimum load in here. Changes 

of harmonic impedance in load bus of average voltage appeared via first resonance 

parallel to upstream system. There are several resonance peaks in figure 8. Impedance of 

high voltage side is less affected by load changes which it is because of a more powerful 

system. Load model A is used here which shows the best characteristics after testing every 

three load. Several resonance peaks can be seen in Fig. 9 that depend on cables of the 

lines. The lowest frequency peak is about 100 Hz which belongs to the first order 

resonance of total high voltage shunt capacity with series inductance of upstream system. 

In frequency gain, impedance of system is inductive and about 2/2.5 Hz. Harmonic 

impedance of system in a specific bus depends on configuration of performance and load 

level. 
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Fig. 9. Harmonic domain and impedance angle in wind farm PCC 

 

Studied System for Iran 

Accurate harmonic implementation and analysis in a system is a complicated task 

which includes developed models for all system’s components including consumer’s 

load. All components of system should be simulated by element’s harmonic model and 

possibility of creation of resonance should be determined. All data of KAROUN 4’s 

hydro plant and MANJIL’s wind farm are recorded accurately and with permission from 

authorities of the two units. Network parameters are according to transmission and 

distribution lines of Iran. Single linear schematic view of studied system is indicated at 

Fig. 10, where hydropower plant consists four power production unit with capacity of 

4´250 Mega Volt Amp toward high voltage system that have 400 KV of voltage to 

connect to it. A wind farm consisting 20 wind turbine with DFIG generators with capacity 

of 20´680 KW are present; this wind farm going toward an average voltage system with 

20 KV to connect to it. Main network is also 5000 MVA and 400 KV. There is a Dyn11 

transformer and 20 MV Amp in each high and average voltage station. This system also 

consists hundreds of kilometers of air lines with a 600 KW capacity. There are only 

positive and negative sequence harmonics because transformers with Dyn11 connection 

and zero sequence harmonics are removed. However, zero sequence harmonics may be 

produced and appear at the output because of power system configuration. Standard code 

IEC61000-3-6 monitors confining harmonic distribution in high and average voltage 

system [35]. 
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Fig. 10. Single linear diagram of studied power system 

 

Hydro Plant (KAROUN 4) 

KAROUN 4 storage dam and hydro plant is located in Chahar Mahal Va Bakhtiari 

province at 180 Km south west of Shahr-e Kord on KAROUN river. It is the biggest 

double-curvature concrete dam in Iran. The turbine used in this dam is a Francis type. 

Stream flow from Francis turbine is tuned by revolution of guide vanes via servo motor. 

KAROUN 4 dam’s hydropower plant consists generator, turbine, excitation circuit, and 

transformers. An important issue in structure of high power generators is the heat that is 

created as a result of generators losses. There are two ways for increasing nominal power 

of generators; one is to decrease the losses and the other is to cool the generator down by 

extracting the heat generates the losses. Proper selection of winding and induction can 

minimize generators losses. Synchronous generator usually receives its excitation current 

from a permanent device which is installed on generators axel. As expressed, this power 

plant has a capacity of 1000 MVA. Stations of this power plant are connected to global 

network via a high voltage transmission system. Power plant’s parameters and 

transformers characteristics are shown in Tables 3 and 4, respectively. 

 

Table 3. Hydro plant parameters 
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Table 4. Characteristics of transformers in hydro plant 
 

Main transformers 
Characteristics 

Number 13 devices 

Type Single phase 

Nominal Power 100 MVA (single Phase) 

Initial Nominal Power 15.75 KW 

Secondary Nominal Power 710 KW 

Cooling System OFWF 

 
Studied Wind Farm (MANJIL) 

MANJIL’s wind power plant is located in MANJIL Township, GEELAN province. 

This power plant converts wind’s kinetic energy to electricity. Generators of turbines used 

in this t his power plant are double-fed induction generators (DFIG). Double-fed 

induction generators (DFIG) are selected between all power producing systems because 

of their low costs and operation in different wind conditions. One advantage of these 

generators is active and reactive power control capability. Modern wind turbines usually 

are equipped to power electronic convertors. Presence of these power convertors specifies 

percentage of harmonic amount in wind turbines. Both motor state and generator state are 

possible by feeding power electronic convertor which feeds rotors circuit by sliding rings 

and sweepers [36]. In case that rotor is fed with variable voltage by static power convertor 

it provides a constant voltage and frequency in stator. Therefore, high frequency time 

harmonics will exist in double-fed induction generator because of converters presence 

and their switching strategy. These harmonics lead to high frequency harmonic losses 

[37]. Usually methods like pulse width modulation (PWM) and spatial vector modulation 

(SVM) are applied for controlling inverters. Rotors of high power inductive generators 

are fed by thyristor converters. Six-pulse switching strategy is used in thyristor, usually. 

Using this method simplifies control system but its most important weakness is having 

all of 6k+1 harmonics. Total harmonic distortion (THD) of produced voltage in this 

method is about 30 percent. Consequently, rotors current would be harmonic if rotor’s 

feed voltage becomes harmonic. Presence of rotor’s harmonic cause's creation of 

harmonics in stator’s terminals besides creating torque oscillation. Harmonic problems 

caused by installation of these wind farms creates some concerns since wind power plants 

may inject harmonic pollutions into the systems. Harmonics in wind turbines are divided 

in two groups: 

a. Characteristic harmonies: depends on network frequency, rotor frequency, and 
switching frequency of power electronic convertors. 

b. Non-characteristic harmonics: are components which depend on working location of 

wind turbine. 

Recognizing harmonic behavior of wind farms is basis for studying effect of these 

farms on network harmonic distortion. Therefore, evaluating wind farm harmonic 

spectrum and analysis of working location of wind turbines on harmonic distortion are of 

important issues in studying wind farms and hydropower plants. 

Fast Fourier Transform (FFT) 

FFT method is used for obtaining system harmonic components. First we measure 
current in hydro power plant bus. By simulating this section, according to Fig. 11 and 
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regarding results of system’s Fourier transform we understood that THD in the concerned 

buses is less than 0.5 percent, according to Table 5, which this value is in normal range. 

If THD becomes more than 5 percent, it would be in critical state and solutions like 

filtering should be used for reducing system harmonics. 

In second section, measurement of bus is performed in wind farm. This wind farm is 

connected to low voltage part of the system. As can be seen in Table 5 and Fig. 12, THD 

is 3.02 percent. One can see that this amount of distortion is result of wind farm’s 

connection to system, but despite this amount of distortion, it does not cross critical range 

and this power system is launched without any further concern. Most of voltage and 

current distortion problems are seen in low voltage buses. Also most load changes in low 

voltages is seen with increase in harmonic distortion. However, loads react less to 

harmonic distortions and have lower changes in high voltage buses. 
 

 
 

Fig. 11. Output current and harmonic distortion of hydro turbine output 

 

Table 5. Harmonic parameters in Buses in presence of wind farm and hydro plant 
 

Bus Offer Wind Farm’s Bus Water Turbine’s Bus 

Current 
Component 

Voltage 
Component 

Voltage 
Component 

Voltage 
Component 
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1 1 1 1 1 

3 9810-2 3610-2 1910-2 1410-2 

5 6010-2 1610-2 1110-2 610-2 

7 4210-2 1210-2 710-2 410-2 

9 3310-2 1010-2 610-2 310-2 

11 2810-2 1010-2 510-2 210-2 

13 2310-2 510-2 410-2 210-2 

15 2010-2 610-2 310-2 210-2 

17 1810-2 610-2 310-2 210-2 

19 1610-2 410-2 310-2 110-2 

21 1310-2 410-2 310-2 110-2 

Total harmonic 
Distortion 

3.02% 2.78% 0.48% 0.35% 

 
 

Fig. 12. Output current and harmonic distortion of wind farm output 

 

System Harmonic Impedance Characteristics (Frequency scan) 

Frequency scan method is used for determining resonances created in system. For this 

purpose, we determine system impedance model via elements harmonic model and 

specify system’s resonances by that. Fig. 13 indicates system impedance model by 

harmonic model of system components -which it is explained in harmonic models of 

system components in details. Harmonic currents which cross the system impedance 

cause a harmonic voltage drop and consequently lead to harmonic voltage at two ends of 

the load. Amount of distortion depends on current impedance. Although the current 

harmonic that are created by harmonic voltage consequently lead to voltage distortion, 
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one should keep this in mind that load has no control over voltage distortion. Where two 
similar load in different locations of a system create two different voltage distortion. 

 

 

Fig. 13. Impedance circuit of studied model system 

 

Table 6 shows impedance values of system. This values are obtained according to 

value of each element. Considerable increase in voltage and current values is result of a 

phenomena named resonance which is caused by capacitive and inductive properties. 

Natural frequency of circuit decreases with increase in capacitance. Reduction of main 

frequency and negligibility of its value and being close to low frequency harmonics 

affects main voltage. 

 

Table 6. Values of System Impedance Circuit 
 

Name of Facilities Elements Electrical 
Value (pu) 

400 KW Air Lines Roh, XL.oh, X.oh 0.025, 0.96, 
0.58 

Source of Network Poxer RS, XS 10-3, 
0.02481.73 

Transformer of load one or two RT, XT 0.0149, 
0.149 

Wind Turbine Generator RW, XW 0.03, 0.3 

Hydro Turbine Generator Rhyd, Xhyd 0.045, 0.54 

Wind Turbine Transformers RTW, XTW 0.056, 0.45 

Load 
Bus three load RL1, XL1 8.51, 17.8 

Bus seven load RL2, XL2 6.36, 13.15 

 
Figs. 14 and 15 show impedance and probability of resonances created in the system; 

these resonances intensify resonance in case they interfere with harmonic orders that exist 

in system. Subsequently, harmonic domain significantly increases and this damages 

system facilities, including capacitors. Network short circuit’s strength determents 

resonance. In case that internal resonance of a system is close to one of harmonics in the 

system, one can expect increase in the harmonic voltages caused by resonance 

intensification [38]. Resonance frequency in Hertz is obtainable by: 
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Eqn. 10 

where SK is short circuit strength at point of common connection (PCC) and QC is 

compensatory capability. Short circuit strength at point of common connection is 

determined by transformers. One can place voltage distortion in permitted range by 

controlling system impedance, assuming current harmonics are in allowed range. System 

voltage harmonic distortion is obtainable by [39]: 
 

Eqn. 11 

where, Zn and In are harmonic impedance at excitation point and harmonic current 

passing through system, respectively. As is shown in figure 10, impedance has high 

amounts at high voltage buses and this causes minimization of harmonic current at these 

buses. But in low voltage buses, like figure 15, the reverse is proven; harmonic current is 

significant because of low impedance percentage in these buses and this should be 

considered in system analysis. For instance, at figure 15, resonance is occurred at 600 Hz 

frequency which corresponds to thirteenth harmonic; or a resonance occurred at 250 Hz 

frequency which corresponds to fifth harmonic of system. 

Fig. 14. Harmonic impedance domain in low voltage buses 
 

 

Fig. 15. Harmonic impedance domain in high voltage buses 
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CONCLUSION 

Analysis of voltage and current harmonic distortion of a real system, consisting a hydro 

power plant and a wind farm, was presented in this paper. This complex is connected to 

a high voltage network. All voltage and current harmonic components are obtained via 

FFT analysis -as mentioned in table 5- and it shows that voltage and current harmonic 

distortion that are created by wind farm is significantly more than hydro power plants in 

a way that one can neglect distortion created by water turbine in power network 

(comparing to distortion of wind farms). Furthermore, system’s resonances were 

determined by frequency scan. These resonances increase domain of harmonic in case of 

interference and occurrence in one frequency with the harmonics that are present in the 

system; this leads to damage toward system facility which we prevent this event by 

system harmonic analysis. 
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