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Abstract – The concepts of power system stability& 

oscillation, different types of wind turbine generators 

(WTGs) are briefly introduced. The vector control of double 

feed induction generator (DFIG) rapidly response to active 

and reactive power control separately. In This paper the 

impacts of DFIG wind turbine generator on power system 

oscillation damping has been investigated By modifying of 

RSC, and GSC controllers and utilize  a new algorithm 

control signal to reactive power controller to enhancement 

power system oscillation damping characteristics without 

effecting to its active power generation. Then, Finally, For 

this purpose, Besides, time domain simulations were carried 

out by interconnection of DFIG at middle of 132KV 

transmission line connected Karbala north network and 

Alahkader network in order to verify the conclusions 

inferred from three cases of the fault (1-L-G, 2-L-G, 3-L-G) 

were applied at 3sec and cleared after 50msec at transmission 

line in which power system oscillation occurs and damped 

with DFIG. By using PSCAD/EMTDC, different simulation 

results are presented based on various scenarios. 

 

Keywords – Power Oscillation Damping (POD), DFIG, 

GSC, RSC, WECS. 

 

I. INTRODUCTION 
 

Power system stability can be defined broadly as ability 

of a power system to remain in steady state under normal 

operation conditions and to regain an acceptable steady 

state after being subjected to a disturbance .The power 

system has a highly tendency for nonlinear system which 

it is operate in constantly changing environment; generator 

outputs, loads, topology, and key operating parameters 

change continually. When system subjected to the 

disturbance, the stability of the system depends on the 

nature of the disturbance as well as the initial operating 

condition. The disturbance may be small or large, the 

system must be able to operate satisfactorily under these 

conditions and ability meets the load demand [1], [2]. It 

must also be able to stay stable under numerous 

disturbances of a severe nature, such as short-circuit on a 

transmission line or loss of a large generator. Oscillations 

of generator angle (load angle) generally associated with 

transmission system disturbances and can occur due to 

sudden changes in load or to generator output, switching 

of transmission line, and short circuits. Depending of the 

power system characteristics, the oscillations occur for 

several seconds after a severe fault, usually the result of 

low damping oscillation system. During oscillation period 

significant variations in currents, voltages, and 

transmission line power flows will take place. It is 

important to damping these oscillations as quickly as 

possible because it causes mechanical and electrical wear 

in power plants and many power quality problems [2]. 

Voltage and power oscillation is generally occurs with 

systems in weak interconnections. Power system 

oscillations damping have been studied in many papers, 

such as impact of HVDC links technology ability to 

provide way of controlling of its converters impacts to 

stability of the AC system and their controllers on power 

system oscillations damping [3]. the impact of long 

distance power transmission and the damping of power 

system oscillations by means of flexible AC transmission 

systems (FACTS), A method to select the different input 

signals for both single and multiple flexible ac 

transmission system (FACTS) devices in small and large 

power systems controllability to inter area oscillation 

damping [4-5]. However, there are few studies that 

investigate the impact of wind power on power system 

oscillations damping. Therefore, in this paper new method 

of the reactive power control of DFIG based wind energy 

conversion system (WECS), which are most welcome to 

improvement the voltage and power oscillation damping. 

Wind energy is one of the fastest growing industries world 

wide due to abundant energy and improve environment. 

[6]. The Wind power large scale resources located far 

from centers of consumption, which may involve transfer  

energy for long distances through transmission  lines and 

perhaps a significant change of   typical power flows, and 

generation profile, and may it have Role on power 

oscillation stability [7]. As increasing power generation 

from WECS, it is of the importance to study the effect of 

wind integrated to power systems to overall system 

stability. Generally, WECS are placed in a power system 

for power generation at or near a constant level however 

contribution to the power system oscillation damping in 

normal case is Insufficient. A significant contribution to 

system oscillation damping can be achieved when supplied 

by auxiliary controlled signals over its reactive power 

control without effect to active power generation [8]. 

DFIG has been widely used amongst various other 

techniques of wind power generation, due to its higher 

power generation, and flexible control, low investment. 

DFIG is different to the conventional induction generator 

in it employs a way that a series of feedback converters to 

feeding of its rotor. Feedback converters consist of grid-

side converter (GSC) and rotor-side converter (RSC). The 

control ability of these converters gives DFIG a further 

advantage over conventional induction generators in 

flexible control and stability. The decoupled control 
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method of DFIG is required to control of active and 

reactive power independently whereby, maintain 

maximum power tracking, control  reactive power at grid 

side, and dc voltage level respectively[6]. To improve the 

voltage and power oscillations damping (POD) of the 

power system, modify of controllers with new control 

signal can be applied to existing converters. In this paper, 

the damping performance of a two-grid power system is 

compared for the cases of with and without DFIG based 

damping controllers in the event of single-line to ground 

faults(1-L-G), two-line-to-ground faults(2-L-G) , and 

three-line to ground faults(3-L-G). In the above scenario, 

the implementation of the Karbala grid code its part of 

Euphrates middle of Iraq 132KV grid situation at west 

side. However, the present technical requirements of Iraq 

grid are based on the inherent characteristics of 

synchronous generating systems and no behaviors relevant 

to renewable energies are included. Technical performance 

of the wind farm with DFIG wind turbines can be 

simulated by a full order model including the model of 

single DFIG wind turbine generator interconnection to 

middle of transmission line connected (Karbala north– 

Alahkader) network to damping power system oscillations 

will be investigated.  This paper organized, power system 

oscillation analysis and contribution of wind generation to 

damped oscillation illustrated in section II. In section III, 

DFIG with Converters Controller diagram introduced on 

which, the active and reactive power can be controlled 

independently to perform oscillation damping. The case 

study it be illustrated in section IV. Control strategy is 

proved to be effective by the simulation results in section 

V. in section VI conclusion based in simulation results.  

 

II. POWER SYSTEM OSCILLATION ANALYSIS & 

IMPACT OF WIND GENERATORS TO DAMPING 

IT 
 

A. Power system oscillation analysis 
The electric power system constantly faces small power 

oscillations which don’t lead to system instability. It has 

been occurred of generator rotor accelerate or decelerate 

while rebalancing to mechanical input power to electrical 

output power, respond to disturbance or changes of load in 

network. These oscillations are observable in the power 

flow on transmission lines which link the power 

generation to demand of the load or in the lines that link 

different regions together in the system. Oscillations 

which increase in amplitude with time are called unstable 

oscillations [1]. In a stable system, if a disturbance such as 

fault occurs, the system will return to its normal state and 

rebalance within a few seconds after the fault removed. If 

the system rebalances within less than 3 seconds then that 

system is termed transiently stable, while if the system 

takes from 3 to 30 seconds to rebalances and stabilize, it is 

called dynamically stable. In rare cases when a disturbance 

occurs, the system may appear to rebalance quickly, but it 

then the oscillations can grow, causing widespread 

instability in terms of the magnitude of the oscillations and 

large places of the system. In the system that is well 

damped, the oscillations will settle quickly and return to 

pre oscillation condition. In the system that is well 

damped, the oscillations will settle quickly and return to 

pre oscillation condition. If the oscillation continues over 

time, without grow without damping it is called a poorly 

damped system. The illustration in Fig.1, weight hung on a 

spring balance, which oscillates over several cycles to 

return to balance after press this weight up and left to 

moving freely. critical point to observe is that in the 

process of hunting for its balance point, the spring 

overshoots the true weight and balance point of the spring 

and weight combined, and must cycle through a series of  

overshoots and underweight rebounds before settling 

down to rest at its true balance point. The same process 

occurs on an electric system, as can be observed in system 

with transient instability, the oscillations following a 

disturbance will grow in magnitude with time, and it will 

be unable to return its steady state. 

 
Fig.1. System oscillates over several cycles 

 

In the interconnected power systems, small signal 

stability problem is often associated with the oscillatory 

stability problem which arises from lacking of sufficient 

damping. It has been recognized that the insufficient 

damping usually results from large scale and long distance 

power transmission by weak AC transmission tie lines and 

fast-response high-gain exciters. By nature power system 

oscillations can be roughly divided into three categories: 

local oscillation, global oscillation and inter-area 

oscillation [9]. There are two methods to determine 

whether the system is stable or not. The first method is 

frequency domain analysis, also referred to as eigenvalue 

analysis, and second method is time domain analysis. The 

time domain analysis that used here is also referred to as 

electromechanical transient or dynamics simulation, and 

fundamental frequency simulation. This approach subjects 

the system under steady state operation to a disturbance 

after which its response the electrical quantitative 

evolution of the system’s properties overtime simulated. 

And from the waveform of result simulation, it can be 

decided whether the system is stable or not. For this paper 

shown these for oscillation of the system and use DFIGs to 

improvement oscillation damping and convert system 

from unstable to stable [10] 

B. Wind Power performance to Improvement Power 

System oscillation damping 
Wind turbine generators (WTGs) are used to extract the 

kinetic energy from the wind and then convert it in to 

electricity. Typically a WTG consists of a mechanical 

subsystem, a generator subsystem and a power electronics 

subsystem. The generator subsystem together with power 

electronics subsystem is also called as the electrical 

subsystem. there are three kinds of WTGs, squirrel cage 
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induction generator( SCIGs) are known as fixed or 

constant speed (CSWTGS), while permanent synchronous 

generators (PMSGs) and DFIGs are treated as variable 

speed (VSWTGs) in contrast. The WTGs with basic 

controllers of the power and voltage have marginal effects 

to damping power system oscillation. Theoretically, no 

matter WTGs, CSWTGs or VSWTGs have the potential to 

provide additional damping to the system. Consequence, it 

is clear WTGs have an effective means to participant 

damping oscillating into the grid. In the case of CSWTGs, 

can be control active power only by adjusting the pitch 

angle of mechanical subsystems, whereas VSWTGs can 

have regulated active power by both mechanical and 

electrical subsystems. In fact the pitch controllers of both 

CSWTGs and VSWTGs are slowly acting while the power 

controllers in electrical subsystems of VSWTGs’ are much 

faster. Consequently, take this advantage of VSWTGs’ 

capability of rapidly controlling active and reactive power 

to improvement damping oscillation of system [9]. In this 

paper focus about electrical subsystem of DFIGs base 

VSWTGs and impact to improvement of the oscillation 

damping of power system. 

 

III. DFIG MODEL AND ELECTRICAL 

SUBSYSTEM CONTROL 
 

The stator terminals of DFIG connected directly to the 

grid, while as  the rotor terminals are fed from grid 

through  voltage source converter usually equipped with 

IGBT based power electronic circuitry which supply three-

phase voltage of variable frequency and amplitude [11]. 

The basic control system structure it’s shown in Fig.2, the 

general approach it is the space phasors coordinates with 

orthogonal direct (d) and quadrature (q) axises. To enables 

the decoupled control of P (d-axis control) and Q (q-axis 

control) by choice the stator voltage as the reference 

frame. The voltage equations, to each of the stator and 

rotor circuits, together with the motion equation represent 

the full set of mathematical relationships which describe 

the dynamic behavior of the machine. The vector control 

strategy applied to the DFIG consists on making the stator 

flux in quadrature with the q-axis of the Park reference 

frame [12].The Stator and rotor voltage Equations with 

constant coefficient in the d-q frame are: 

sq
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The stator and Rotor fluxes are related to the stator and 

rotor currents in the d-q frame as: 
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The stator flux angle of Fig.3.a is calculated from: 
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Where: Vs is the stator voltage imposed by the grid. The 

rotor voltage Vr is controlled by the rotor-side converter 

and used to perform generator control. Rs, Rr, ψs, ψr, Ls, 

and Lr are resistances, flux, and self-inductances of the 

stator and rotor windings Respectively. Lm is the mutual 

inductance between a stator and rotor windings when they 

are fully aligned with each other. ωs is the synchronously 

frequency and ωr is the slip frequency, ωr = ωs-ωe  where, 

ωe = Pωm , P is pole pairs and ωm is the rotor's mechanical 

speed. θs is the stator-flux vector position . 

The active and reactive power at stator terminals are 

given by: 

S sd sd sq sq

S sq sd sd sq

P V i V i

Q V i V i

 

 
                                                    (6) 

The active and reactive power at rotor terminals is given 

by: 

r rd rd rq rq

r rq rd rd rq

P V i V i

Q V i V i

 

 
                                                      (7) 

The electromagnetic torque equation: 

e sd sq sq sdT i i                                                         (8) 

A complete model of the DFIG shown in Fig.2 includes 

models of the real and reactive power control together 

with speed and pitch angle control. These models, 

however, are relevant for the purposes of oscillation 

damping of DFIG itself, which is synchronism of 

generators in conventional plants following a fault. The 

main control structures of both the rotor side convertor 

(RSC) and grid side convertor (GSC) are given in Fig.3 

and Fig.4, respectively. The two figures summarize the 

models of the core functionalities of the systems, which 

are of relevance for stability studies. The structures as 

presented here reproduce neither any eventual blocking of 

the converters nor crowbar activation during grid faults. 

Additionally, due to the assumption that the DC voltage 

can be maintained approximately constant during the 

simulation time span models of the DC link [11]. 

 
Fig.2. General control method of DFIG 

 

A. DFIG rotor side convertor (RSC) control  
The IGBT RSC with PWM it is possible applies the 

voltage to the rotor windings of DFIG. The purpose of the 

RSC is to control the rotor currents such that the rotor flux 

position is optimally oriented with respect to the stator 
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flux in order to obtain the desired torque is developed at 

the shaft of the machine. The RSC uses a torque (or speed) 

controller to regulate the wind turbine output power and 

the stator terminals voltage (or reactive power) measured 

at the machine. The active power is controlled in order to 

follow a pre-defined turbine power-speed characteristic to 

track the maximum power point. The total electrical output 

power from the generator terminals, and total power losses 

(electrical and mechanical) is compared to the reference 

power obtained from the wind turbine characteristic. 

Proportional-Integral (PI) controller is used at the outer 

control loop to reduce the error power to zero [14]. The 

generic power control loop is illustrated in the Fig.3.The 

RSC provides the excitation of the rotor for the induction 

machine in order to control the torque, hence the speed of 

the DFIG and the power factor at the stator terminals. The 

DFIG is controlled in synchronously rotating dq-axises 

frame with the stator-flux vector position in one common 

implementation along to the d-axis oriented and this is 

called stator-flux orientation (SFO) vector control ( 

decoupled control ) as shown in Fig.3.a . In this way, a 

decoupled control between the rotor excitation current and 

the electrical torque is obtained. Consequently, the active 

and reactive powers are controlled independently from 

each other. The controller of the RSC shown in Fig.3.b is a 

two-stage controller which comprised of real and reactive 

power controllers. The concept of speed control of a DFIG 

is normally transformed into active power control and it 

represented as active power reference value, it will be 

compared to active power generated (P) and then regulated 

by using PI controller to obtain the d-axis components of 

the rotor currents. The reactive power reference value 

comprised of two stages, first stage it’s implemented in 

steady state operation conditions and it can be setting to 

constant value and almost it taken as zero. Second stage it 

is implemented in oscillation condition of the system and 

it can be setting by using control signal from algorithm 

shown in Fig.5, for any of these stages it will be compared 

to reactive power generated (Q) and then regulated by 

using PI controller to obtain the q-axis components of the 

rotor currents . 

 

 
Fig.3 RSC control (a) Slip angle acquisition block diagram 

(b) Rotor side converter control block diagram 

 

B.  DFIG Grid side convertor (GSC) control  
The function of the GSC is to keep the dc-link voltage 

constant No matter of the direction and magnitude of the 

rotor power. Applying the vector control method it 

guaranteed an independent control of the active and 

reactive power to the grid-side, with reference frame 

oriented along the grid voltage vector position[13],[14]. 

The controller of the GSC shown in Fig.4.b is a two-stage 

controller which comprised of real and reactive power 

controllers. The value of dc link voltage reference (Vdc-ref) 

of Fig.4.a can be setting to constant value depending to 

AC system voltage; it will be compared to dc link voltage 

measurement (Vdc) and then regulated by using PI 

controller to obtain the d-axis reference stator current (isd-

ref) components of the fig.4.b, it will be compared to isd 

stator measurement current and then regulated by using PI 

controller to obtain the d-axis components of the stator 

voltage reference(Vsd-ref) after subtract d-component 

voltage drop(isq.ωLa) to PWM of GSC. The q-axis 

reference stator current (isq-ref) components of the fig.4.b 

symmetrically to the RSC of fig.3.b it will be compared to 

isq stator measurement current and then regulated by using 

PI controller to obtain the q-axis components of the stator 

voltage reference(Vsq-ref) after subtract d-component 

voltage drop(isd.ωLa) to PWM of GSC. From a block 

diagram of the GSC Fig.4 the PWM converter is current-

regulated, with the d-axis current used to regulate the dc-

link voltage and the q-axis current component control to 

regulate the reactive power. 

DC link voltage 

(Vdc )

+

_

isd_ref

a

isd_ref PI controller

PI controller

Vsd_ref

+

+
_

_

b

PI controller

DC link voltage 

reference (Vdc_ref )

isd

isq

+

+

ωLa

ωLa

Vsq_ref

_

_

isq_ref=irq

Fig.4 GSC controls (a) DC link control block diagram (b) 

Decouple control block diagram. 

 

The reactive power control can be achieved by used 

both RSC and GSC  control circuit together .in steady state 

operation of system it can be obtain by setting the reactive 

power reference (Qref) as constant value. In case 

disturbance of the power system may cause oscillation of 

power system and it can be damped by using reference 

value of reactive power (Qref) according to algorithm of 

Fig.5. The algorithm based with power oscillation signal 

of high voltage side (PL) and can be briefly explained as 

these steps:  

1. Measure/read active power of the line (PL) value at 

pre-oscillation time (t1),assume measure time Δ t=0.1 
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2.  Measure/read active power of the line PL(t1) value at 

oscillation time (t1+ Δ t) 

3. Compare PL measure value to oscillation PL(t1) 

If PL=PL(t1) yes its mean no oscillation in system and 

(Qref=0) 

If PL=PL(t1) no its mean the system is oscillation and 

input (Qref= PL-PL (t1)) to protect DFIG from excise the 

rated value, so the last value of Qref compared to the rated 

value of DFIG if more rated value then (Qref=rated value) 

otherwise it will be same. 

4. Increase the time (t1 = t1+ Δ t) go to step2. 
start

Read PL, t1 ,Δ t=0.1

Read PL(t1)

PL - PL(t1) = 0

Qref = 0

yes

Qref = PL - PL(t1)

Qref > S wind RATED 

Qref = S wind RATED

Qref = Qref 

no

yes

no

t1= t1 +Δ t

 
Fig.5 flowchart of control signal to reactive power (Qref) of 

DFIG 

 

IV. CASE STUDY 
 

The Karbala North network is connected to the 

Alahkader network by 132 KV two transmission lines type 

teal (thermal rating 120MVA) over a distance of 90km. 

This area is a full desert and has favorable wind speed. 

Consider Alahkader network is the terminal network 

consists of two transformers 132/33kv, 63MVA, and 

feeders 33 KV, feeds cement factory beside the network, 

and residential areas nearby, the largest load is taken from 

this network which does not exceed 75MW. In the last 

recent years the cement factory has installed its own gas 

turbine based synchronous generators to supply its load. It 

resulted in low power flows across the transmission line. 

In this paper it is assumed that gas turbine interconnection 

to network, the total load of Alahkader network is 10 MW, 

gas turbine supplies around 9 MW and rest is supplied by 

the one of the transmission lines. To study the impact of 

DFIG wind turbine to improve the damping oscillations of 

132KV transmission line voltage, active, and reactive 

power by interconnection of DFIG 0.69kv, 2MW to 

middle of transmission line as shown in Fig.4 across two 

step of transformers one 0.69kv/11kv, then transfer 

through 11kv feeder to second transformer 11kv/132kv 

which connected to transmission line. In this study 

suppose the wind speed its 5m/s according to NASI 

monthly data of wind at Karbala city. 

The system parameters of the interconnection are shown 

below. 

 Transmission line parameters: 132kV, 120MVA, 50Hz, 

with R1=0.097Ω/km, X1=0.387Ω/km, R0=0.3275 Ω/km 

and X0=1.274 Ω/km  

 DFIG Parameters: 2MW, 0.69kV, 50Hz, IGBT 

AC/DC/AC PWM Converters with Vector Control Model.  

Three cases studies have been conducted using 

PSCAD/EMTDC to demonstrate damping of the voltage, 

active and reactive power flow oscillations in the 

transmission line for three fault cases, occurred in 

transmission line close to the Karbala North network as 

shown in Fig.8. 

 

V. SIMULATION WITH RESULT AND DISCUSSION 
 

The simulations have been conducted for single, two 

and three phase faults on the transmission line with 

assumption that the load is low and pure resistive.  

DFIG wind turbine 

S.G  

132 kv Karbalaa north 132 kv Al-ahkhder 

Load  10MW

fault

 
Fig.6. circuit diagram for simulation model 

 

The RSC and GSC controllers as shown in Fig. 3 and 

Fig.4 are designed based on optimal PI controllers use trial 

and error method values and results are shown in table 1. 

And on The algorithm for reactive power control signal is 

shown in Fig.5. 

Table 1: PI controller optimal values 

PI controller Kp Ti 

RSC- Q side 2 15 

RSC- P side 4 25 

GSC-DC link side 515.56 0.001 

GSC-isd, isq side 2 0.01 

 

The total time of the simulation is 10 sec and three cases 

of faults occur to transmission line closed to Karbala north 

network at time t =3 sec and cleared after 50 msec. 

with/without DFIG. The results are demonstrated below. 

Case (1): Active power supply to load with (1-L-G) 

Fault with/without DFIG. 
The simulation done to circuit of Fig.6 without DFIG 

connection, In this case the system its operate at normal 

operation in which the power transfer across transmission 

line 1MW from Karbala north network to Alahkader 

network and then (1-L-G) Fault applied to transmission 

line closed to Karbala north network and cleared after 50 

msec. the simulation results shown below; 

 
Fig.7. Transmission line voltage with (1-L-G) fault 

without DFIG 

 

The Simulation results in Fig.7 show that the 

transmission line voltage is 132 kV from t=0–3sec and at 

t=3sec the voltage drops down to 105 kV and at t=3.1sec 
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the oscillations appears in the voltage signal in the 

simulation without DFIG.  

 
Fig.8. Active and reactive power of transmission line with 

(1-L-G) fault without DFIG 

 

The simulation results of Fig.8 show that the active and 

reactive power transferred from Karbala north network 

without DFIG, the active power transferred at t=0–3sec is 

1MW and at t=3sec attains the maximum value of 5.8 MW 

and after the fault clearance at t=3.1sec it starts to oscillate 

around 1MW and decreases with time of simulation. 

While the reactive power transferred at t=0–3sec is -2.8 

Mvar. At the moment the fault occur at t=3sec increases to 

maximum value of -1 Mvar and after the fault clearance at 

t=3.1sec it starts to oscillate around to steady state and 

decreases with total simulation time. It is clear from fig.1, 

Fig.8 the voltage and power oscillation it’s decreased with 

time, means the system converted from unstable to stable 

with time. After that Re-simulated the circuit diagram of 

Fig.6 with DFIG connection to damp the oscillations to 

scenario above, the simulation results shown below; 

  
Fig.9. transmission line voltage with (1-L-G) fault with 

DFIG 

 

The Simulation result of Fig.9 shows the transmission 

line voltage oscillations of case without DFIG mentioned 

in Fig.7 it is damped at t=3.8sec.  

 
Fig.10. active and reactive power of transmission line with 

(1-L-G) fault with DFIG 

 

The simulation result of Fig.10 shows the active and 

reactive power transferred from Karbala north network 

with DFIG, the active power transferred at t=0–3sec it is 

become zero, since the DFIG wind turbine supply 2MW 

(P wind) to the load and in this time the DFIG operate at 

steady state and the reactive power reference (Qref) 

control signal of RSC and GSC in Fig.3, Fig.4 it be 

constant and taken zero. The active and reactive power 

oscillation of Fig.8 in case without DFIG it’s damped at 

t=3.5sec for reactive power and at t=5.8 sec for active 

power And in this period the DFIG operate at oscillation 

damping and the reactive power reference (Qref) control 

signal of RSC and GSC in fig.3, fig.4 it be according to 

algorithm in Fig.5 in which the DFIG operate to injected 

and absorbed reactive power according to this algorithm to 

damp oscillation. 

Case (2): active power supply to load with (2-l-G) 

fault with/without DFIG. 
The simulation done to circuit of Fig.6 without DFIG 

connection in this case the system operates at normal 

operation case similar to case (1) with applies (2-L-G) 

Fault.  The simulation results shown in figures below; 

 
Fig.11 transmission line voltage with 2-ph-G fault without 

DFIG 

 

The Simulation results in Fig.11 show that the 

transmission line voltage is 132 KV from t=0–3 sec and at 

t=3 sec the voltage drops down to 70 kV and at t=3.1–4.1 

sec the maximum oscillations appears (140–120) KV, after 

t=4.1sec the voltage oscillation around 132KV and 

increased with the time of simulation.  

 
Fig.12. active and reactive power of transmission line with 

(2-L-G) fault without DFIG 

 

The simulation results of Fig.12 show the active and 

reactive power transferred from Karbala north network 

without DFIG, the active power transferred at t=0–3sec is 

1MW and at t=3sec attains the maximum value of 4.2 MW 

to -6 MW, at t=3.1–4.1sec and after t=4.1sec it starts to 

oscillate around 1MW and increased with time of 

simulation. While the reactive power transferred at t=0–

3sec is -2.8 Mvar. At the moment the fault occur at t=3sec 

increases to maximum value of 9 Mvar to handling the 

voltage drop at this moment and after the fault clearance at 

t=3.1sec it starts to oscillate to steady state around -5Mvar 

with total simulation time. It is clear from Fig.11, Fig.12 

the voltage and power oscillation it’s increased with time, 

means the system unstable. 

After that Re-simulated the circuit diagram of Fig.6 with 

DFIG connection to damping oscillations to scenario 

above as shown in simulation results below; 
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Fig.13. Transmission line voltage with (2-L-G) fault with 

DFIG 

 

The Simulation result of Fig.13 shows the transmission 

line voltage oscillations of case without DFIG mentioned 

in fig.11 it is damped at t=4.2sec. 

 
Fig.14. Active and reactive power of transmission line 

with (2-L-G) fault with DFIG 

 

The simulation result of Fig.14 shows the active and 

reactive power transferred from Karbala north network 

with DFIG, the active power transferred at t=0–3sec it is 

become zero, same reason in case (1), since the DFIG 

wind turbine supply 2MW (P wind) to the load and in this 

time the DFIG operate at steady state and the reactive 

power reference (Qref) control signal of RSC and GSC in 

fig.3, fig.4 it be constant and taken zero. The active and 

reactive power oscillation of Fig.12 in case without DFIG 

it’s damped at t=3.5sec for reactive power and at t=6sec 

for active power And in this period the DFIG operate at 

oscillation damping and the reactive power reference (Qref) 

control signal of RSC and GSC in fig.3, fig.4 it be 

according to algorithm in Fig.5 in which the DFIG operate 

to injected and absorbed reactive power according to this 

algorithm to damp oscillation, at t=3.1–3.7sec the active 

power oscillation its more than rated power of DFIG so 

limited to rated. 

Case (3): active power supply to load with (3-L-G) 

fault with/without DFIG. 
The simulation done to circuit of Fig.6 without DFIG 

connection in this case the system operates at normal 

operation case similar to case (1), and case (2) with applies 

(3-L-G) Fault. The simulation results shown in figures 

below  

 
Fig.15. Transmission line voltage with (3-L-G) fault 

without DFIG 

 

The Simulation result of Fig.15 show that the 

transmission line voltage is 132 KV from t=0–3sec, at t=3 

sec the voltage drops down to 20 kV which is less than 

case (1) and case (2), At t=3.1–4.5sec the oscillation are 

around 115-145 kV and it be higher than case (2). At 

t=5.0–8.7sec the oscillation remain steady around 132KV 

and after t=8.8 the oscillation frequency and amplitude 

both increases which leads to the system breakdown. 

 
Fig.16. Active and reactive power of transmission line 

with (3-L-G) fault without DFIG 

 

The simulation results of Fig.16 show the active and 

reactive power transferred from Karbala north network 

without DFIG, the active power transferred from Karbala 

north network at t=0–3sec its be same in case(1) and 

case(2) is 1MW and after the fault clearance the power 

attains the maximum oscillation value of 10 MW to -10 

MW at t=3.1–3.8sec and at t=3.9 sec it starts to oscillate 

around 1MW and increased with the time till t=8.8sec then 

it oscillates with high frequency and amplitude. While as   

the reactive power transferred at t=0-3 sec is -2.8 Mvar, At 

the moment the fault occurs the reactive power increases 

to the maximum value of 2.5 Mvar to handling the voltage 

drop at this moment. After the fault clearance at t=3.1 sec 

it starts to oscillate around -7.5 Mvar and continuously 

decreases with the time till t=8.7sec where it starts to 

oscillate with high frequency and amplitude.  

After that Re-simulated the circuit diagram of Fig.6 with 

DFIG connection to damping oscillations to scenario 

above as shown in simulation results below; 

 
Fig.17. Transmission line voltage with (3-L-G) fault with 

DFIG 

 

The Simulation result of Fig.17 shows the transmission 

line voltage oscillations of case without DFIG mentioned 

in Fig.15 it is damped at t=4.2sec. 

 
Fig.18. Active and reactive power of transmission line 

with (3-L-G) fault with DFIG 

 

The simulation result of Fig.18 shows the active and 

reactive power transferred from Karbala north network 

with DFIG, the active power transferred at t=0–3sec it is 

become zero, same reason in case (1), case (2), since the 
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DFIG wind turbine supply 2MW (P wind) to the load and 

in this time the DFIG operate at steady state and the 

reactive power reference (Qref) control signal of RSC and 

GSC in Fig.3, Fig.4 it be constant and taken zero. The 

active and reactive power oscillation of Fig.16 in case 

without DFIG it’s damped at t=4.5sec for reactive power 

and at t=7sec for active power, in this period the DFIG 

operate at oscillation damping and the reactive power 

reference (Qref) control signal of RSC and GSC in Fig.3, 

Fig.4 it be according to algorithm in Fig.5in which the 

DFIG operate to injected and absorbed reactive power 

according to this algorithm to damp oscillation, at t=3.1–

4.7sec the active power oscillation its more than rated 

power of DFIG so limited to rated value. 

 

VI. CONCLUSION 
 

The main function of wind power generation is 

contributing to supply system with active power but it has 

not been much utilized to damp the power system 

oscillations. Pitch angle controllers of both CSWTGs and 

VSWTGs have meaning to system stability assessment but 

its slowly acting while the power controllers in electrical 

subsystems of VSWTGs’ are much faster. Consequently, 

take this advantage of VSWTGs’ capability of rapidly 

controlling active and reactive power to improvement 

damping oscillation. In this paper the DFIG-based 

VSWTGs to damp the power system oscillations under 

unbalanced conditions for single phase, two phase and 

three phase to ground faults, has been investigated using 

new algorithm control signal to the reactive power 

controller, without effects to active power generation. 

Simulation results proved ability with effectively and 

efficiency of DFIG to do two options one active power 

generation, and second reactive power control to damping 

oscillation , without effected to change in active power 

produced from DFIG.  
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