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Environmental-friendly technologies, such as wind power based generators having much 
attention, and the study of these generator’s behaviour under fault conditions and to overcome 
these undesirables during operation have become an essential topic. In this article, the 
simulation and experimental analysis of Double-fed induction generators (DFIG) dependent 
wind type are discussed and introduced to these unwanted conditions. The simulation and 
experimental outcome show that the decline of parameters, i.e. transient time, maximum 
current and voltage drop at the common coupling point (PCC) and grid side converter (GSC) 
of DFIG, occurs after an unwanted short-circuit. Exciting simulation and theoretical outcomes 
represented a sensitive and robust point under DFIG's symmetric short-circuit (SSC). Present 
results report a significant variance between GSC and PCC points under SSC fault disorder. 
The fault point performance study is expected to identify and measure the comparative of 
sensors sensibility for protection strategies. It also will be geared to develop renewable energy-
based advanced control schemes and the selection of an effective system. 
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1. Introduction 
 

Among different renewable energy sources, the wind energy conversion system 

promises of reliability, cost-effectiveness electrification. Thanks to the exponential growth 

of their installed capacity over the past two decades, wind power generation has played a 

major role in the world clean energy industry among these technologies. In the meantime, 

owing to variable feedback fluctuations [1-3], it is still facing a different kind of issues. 

Scientifically, wind power is an eco-friendly, negligible environmental toxic impact and 

most favourable source of electrical power generation [2]. 

Clean electrical energy can be achieved through the suitable technical arrangement of a 

wind turbine and an induction generator [3, 4], which is initially converted aerodynamic 

energy in the form of kinetic energy to electrical energy [5]. The first production of 

electrical energy with wind power was enjoyed in 1887 by Charles Brush at Cleveland, 

Ohio. The rated power of the product (DC-generator) was 12 kW and designed to charge 

batteries. While the induction machine (IM) was used for the first time in 1951 [6]. 

Induction machines have two main types, fixed and variable speed. The most popular one is 
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the variable speed type induction generators. It takes in preference due to the advantages of 

controlled power factor at minimal cost, size, dropping (20-30%) and quadrant operational 

converters [3]. 

 The DFIG is characteristically suitable for wind forms, this is an effective conversion 

device for wind power (WECS) with variable speed capability [7]. These generators are 

known as slip-ring induction or wound-rotor machine [7, 8]. Depending on the user, the 

DFIG powered devices are produced in different power ranges (1.5-6 MW). It grabbed over 

70 per cent of the wind energy marketplace, with several advantages over other energy 

converter devices. The advantages of DFIG dependent WECS have been illustrated in the 

literature [9, 10]. 

Extracted wind power plays a significant role in the technology for electric power 

generation. Power can be derived from the wind using different methods available, i.e. the 

horizontal axis (HAWT) and the vertical axis wind turbine (VAWT) systems. Modern wind 

turbine parks mount the HAWT with dual or tri-blades [11]. Tri-blade turbine is famous for 

its symmetrical loading characteristics and is usually used. Compared with the tri-blade 

system, the three-blade system is almost 50 per cent expensive [12]. It is reported that 

almost every country existing in this world has the sites with an average wind speed of 

more than 5 m\s to a height of 10 m. This finding reveals that every country has blessed to 

produce wind energy [13, 14].  

A large tower rests on a deep with a solid foundation, supportive a nacelle type rotating 

blades at the head of the tower in conventional HAWT. The nacelle type contains a 

gearbox, power generator, set of electronic devices [12] and yaw mechanism. In the 

beginning, the wind turbine produces the power at a wind speed of 9 mph (4 m/s), with 

achieving the rated power at about 29 mph (12m/s). WT stops the generation of high wind 

speed around 56 mph (25 m/s). In literature, it is debated that it is not convenient to step up 

the turbines having more than 100-120 m of height [15]. Tower height has played a 

significant role to extract wind energy. 

The rotor blades extract the wind and transfer it to the hub of the rotor. Through a 

gearbox, the hub of the rotor is connected to a low-speed shaft and an electrical generator is 

driven by the high-speed shaft. This stage a set of converters converts the mechanical 

energy to electrical power. This electrical power transmits to the power grid. The change in 

speed also affects the extracted power, converted and transmitted to the grid [16, 17]. The 

flow of power at the point of common coupling (PCC) and steady-state performance 

associated with the static requirement under grid fault of induction generator desires 

dynamic grid code specifications [18, 19]. These arrangements contain the operating variety 

of voltage and frequency, grid-support capability, normal power factor and fault ride-

through (FRT) capability. 

This paper aims to identify DFIG -WT integrated, theoretical, and experimental 

evidence in two diverse locations under SSC. To represent the outcomes of the simulation 

with the experimental bench set. Simulation study performed by the MATLAB Simulink, 

while offers the timely and precise findings of exciting simulation. 
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2. System illustration 
 

The immense demand for electric power helped in the improvement and development of 

energy conversion technology. Multi arrangements and forms of the WECS have been 

established and opportunities for establishing various types of generators have been 

manufactured. These generators employed for WECS and are categories into two types: 

fixed (FSGs) and variable speed generator. The summary of these generators is discussed in 

[13, 20, 21]. It is accessed that FSG isn’t suitable due to having expensive mechanical 

construction instead of commonly used ASGs based WECS at high-rated power outputs 

[20].  

The wind speed fluctuation is attracting more interest from researchers and businesses to 

use the variable speed generators. Besides, the advanced design of electronic devices has 

incorporated power electronics' function in driving with variable speed generators. 

Comparison of FSGs is an important function. Among variable speed generators, the DFIG 

plays a significant role in promoting complex operating conditions as an electric generator. 

In wind energy, these generators are the dual-fed induction generator (DFIG) and 

synchronous generator (SG) under extreme consideration. Figure 1 is depicting the DFIG-

WT system and its parameters are tabled in Appendix A. The wind turbine system consists 

of the windmill, it’s also termed mechanical part, the DFIG generator, the grid side 

converter (GSC and its filter), rotor side converter (RSC), the DC link, control system, two 

fault points, transformer, and load. According to the load and required system controlling 

unit are modified able.  

DFIG based system benefits are outlined in [22]. (1) The higher rating of converters 

increases the performance of the system; the system with low rating types is considered 

disadvantageous. (2) Retaining a regulation of the economically and technologically normal 

power element. (3) Has the capacity to work within a larger range of wind direction. (4) 

The quadrant converters require control of the active and reactive power of the generator by 

the rotor circuit. (5) Have the slip value of s = -1 capability that the DFIG can even produce 

twice as much of its rating power [13]. (6) Compared with other variable speed generators 

(Synchronous generator) it has an economical adapter, adapter and filter size [5].  

The DFIG demonstrates comparatively improved capability during voltage drop, 

transient time and other disruption situations. Properties mentioned making the DFIG a 

stable WECS. It has sub-synchronous and super synchronous modes of operation [3, 23]. 

 

2.1. Operation modes 

 

A WT requires four modes of service. In the first mode, the WT velocity is measured at 

less than the cut-in speed, so power cannot be produced in this mode. The WT speed in the 

second mode lies between the cut-in speed and the measured speed, which is the sub-

synchronous mode of a DFIG operation. Generally, the WT corresponds to the synchronous 

velocity of a DFIG as measured velocity. In the third mode, the DFIG moves to a super 

synchronous velocity that is up to cut-out. The WT speed reaches the cut-out speed in the 

fourth mode, and the turbine is switched to shut down. 
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Figure 1. Wind turbine based DFIG diagram  

 

3. Integrated model 

 

The proposed model can engage the disorder of the generator output power so that the 

smoothed power is delivered to the grid. 

 

3.1. Wind energy extraction model 

 

Specific electrical turbines, wind generators have to work in low-wind speed structures 

for the highest possible aerodynamic and electrical performance capacity to produce the full 

amount of energy from the obtainable wind speed. There are various modelling system 

possibilities for measuring and harvesting wind power from a wind turbine system [18, 19]. 

The mechanical strength (Pm) that a wind turbine absorbs is formulated as follows: 

 

2 31
( , )

2
m w pP R V Cρτ λ β=                           (1) 

  The air density (kg/m3) is presented by ρ, for the turbine blades radius R, wind speed (m/s) 

Vw, and the power performance coefficient (Betz constant) Cp(λ,β), while (λ)  lambda is tip 

speed ratio of the rotor blade and tip speed to wind speed, pitch angle (degree) beta (β) 

represents the blades. Theoretically, it is observed that Betz theory can extract 59% of wind 

[12]. 

 

3.2. DFIG Model 

 

A dynamic DFIG model is expressed in [24], both fluxes including stator and rotor 

represented as: 
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The rotor side current is formulated in equation (6), the induced EMF in rotor winding 

causes rotor voltage. 

 

r
r r r r lr

di
U e R i L

dt
− = +                               (6) 

   Above mention equation is formulating the induced stator flux dynamics through EMF; 

both reference frames can induce either rotor or stator. The frame reference-based equivalent 

circuit of DFIG is represented in Figure 2.  
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Here,

m
s

s

L
c

L
=

 its stator side coupling factor. 

The external source of DFIG is represented in Figure 2 through RSC; equation (6) is 

formulated through the rotor side equivalent circuit of the generator. 
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Figure 2. Stator reference frame equivalent circuit 

 

The stator side active and reactive power of DFIG is expressed through oriented 

references. The stator active and reactive power is formulated in equation (8) and (9) (Ksa, 

Ksr). In [25] the DFIG modelling is described and its system has been simulated by using 

MATLAB Simulink. 
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Figure 3. Rotor reference frame equivalent circuit 

 

4. Results and Discussion  

 

4.1.   Simulation result 

 

It is an essential need for advanced and compatible protection and control schemes for 

the smooth operation of DFIG based WECS. It is also required to a smooth understanding of 

the system before applying any control or protection scheme. This section of the paper is 

presenting the simulation and experimental results. An infinite bus system is simulated which 

contains a single-machine. The parameters values are set and arranged in per-unit with the 

rated power and voltage reference. Considering the perturbation disorders of DFIG-WT, 

purposed short circuit scheme applied at two different places of DFIG based wind power 

system. To sustain the smooth operation and reliable power quality of the grid, SSC fault 

injected at PCC or high-voltage side and machine side or GSC of the transformer. To meet the 

grid code requirements that have a significant role in the implementation of the technical 

standard. Dynamic and static types of grid code requirements are observed. The static 

condition contains the steady-state performance and power flow at PCC. Therefore dynamic 

grid codes look up the preferred reactions of the induction generator under grid perturbations. 

These desires meet the voltage and frequency, power factor regulation grid supporting 

reliability, fault ride-through (FRT) proficiency operating range simultaneously. 

Hence, short-circuit fault applied at two places to measure the transient time, voltage dip, 

steady-state, and maximum current or FRT ranges. Obtained simulation results are measured 

and determined the deeply sensitive and weak point under SSC. The SSC is pragmatic at 0.1-

0.4 s having the short–circuit resistance of 0.15 Ω. The fault activating time kept the identical, 

0.3 seconds (0.1-0.4 s) at PCC and GSC to obtain the simulation results. The parameter 

transformations during short-circuit method presented in plotting results (Figure 4 and 5) and 

tabulated in Table I. The transient time value is stated 0.1 s (0.1-0.2 s), whereas the low 

voltage side or GSC range presented in Figure 4a. The low voltage or GSC side transient time 

is 0.18 times added than the high voltage side of the PCC. Figure 4b and 5b depicting the 

maximum current value with (4.5 p.u and 1.75 p.u) difference on both sides of DFIG-WT. 

Figure 4c and 5c are illustrating the voltage dip value. The symmetrical short-circuit of PCC 

range is 0.85 p.u-0.22 p.u, whereas GSC point, measured 0.85 p.u-0.15 p.u. The voltage dip 

value change is 0.7 times, which is expressing the sensitive point of DFIG-WT. These 

exciting results are summarized in Table 1, while Table 2 having the specification of the 
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system. 

 

 

 

Figure 4. Performance of DFIG: (a) transient time residual (b) maximum current residual 

(c) voltage sag residual under SSC at PCC 

 

   In summary, this study offers to measure the perturbation condition analysis such as SSC, 

(c) 

(a) 

(b) 
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SCC, and other control schemes. The transient time, maximum current and voltage sag values 

are observed 0.8, 2.75, and 0.7 times change among GSC and PCC, respectively. These 

simulation results are expected to implement further to develop effective control and 

protection strategy for the smooth, reliable power generation during perturbations. 

 

 

  

Figure 5. Performance of DFIG: (a) transient time residual        (b) maximum current 

residual (c) voltage sag residual under SSC at GSC 

 

 

(c) 

(a) 

(b) 
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Table 1: Simulation results under symmetrical undesirables 

 Parameter PCC point  GSC point  Comparative values (%) 

transient time 0.1 0.18 0.8 

maximum current 4.5 1.75 2.75 

voltage dip 0.85-0.22 0.85-0.15 0.7 

 

4.2. Experimental validation 

 

Figure 6 representing the experimental rig of the system while Figure 7 is illustrating the 

experimental results of voltage dip and maximum current of the system. It validates the 0.7 % 

and 2.75 % values of voltage dip and the maximum current of the system, respectively. 

Where channel 1, 2 and 3 are representing the short-circuit measuring of the voltage dip, 

stator and rotor current, respectively. Further results can also be verified by the following 

methods. Successfully implementation of hardware indicates that there is a considerable 

impact on this scheme, which has been utilized for observing the perturbation conditions and 

can be widely used in industrial application. 

 

 

Figure 6. Experimental Bench 

 

To verify the simulation results, Figure 6 presents the experimental setup, which is 

implemented and achieved the results. 

DFIG parameters for the experiment:  

Rated capacity: 5.5 kW; stator voltage: 380 v; rotor voltage: 185 v; rotor resistance: 0.020 

p.u, stator resistance: 0.025 p.u. magnetizing inductance: 2.5 p.u, rotor leakage inductance: 

0.018 p.u. 

 

Table 2: Wind park specifications 

Parameters value Parameters Value (p.u) 

Rated power 2 MW leakage inductance (Ls) 0.15  

Rotor voltage 1975 V resistance (Rs) 0.01  

Stator voltage 690 V resistance (Rr) 0.01  
Frequency  50 Hz Magnetizing inductance 3  

mutual inductance (Lm)  4.5 p.u leakage inductance (Lr) 0.11  



M. S. Nazir et al: Renewable Energy based Exp. Study of DFIG: Fault case analysis 
 

 244

 

 

Figure 7. Experimental residual under SSC: (a) voltage sags, short circuit current at PCC 

(b) voltage sag, short circuit current at GSC 

5. Conclusion 

 

The present article has provided insights from a variety of existing measures of DFIG-

WT. some control methods are being developed, but there is also a need to strengthen these 

schemes and to provide an advanced functional solution to resolving these fault conditions 

with useful results. This research of perturbation conditions of DFIG’s simulation and 

experimental findings, simplified the perception of symmetric fault conditions, robustness 

of the fault points, shortcomings, and reliability of a system under short circuit failures. 

Experimental evidence verified the simulation results and provide the transient time, 

maximum current, and voltage dip values difference of 0.8, 2.75, and 0.7 times worthwhile 

and exciting results respectively. Besides, the simulation and experimental test 

measurements can help improve a system's stability, sensitivity, and sustainability. 
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