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1.0 INTRODUCTION

Renewable sources of energy are looked upon as 
dominant solution for the rising energy demand. 
Renewable sources like the wind and solar have 
proved their dominance in the renewable sector. 
The rapid depletion of the fossil fuels like the 
coal used in the thermal power plants, diesel, 
petrol and uncertainty of rains posing threat to the 
hydro power plant, lead to focus on the renewable 
energy sources. Renewable sources also are 
superior due to its non- polluting nature and as 
they form ever lasing source of energy. Today 
the developing countries like India are strongly 
focused on the renewable sources like solar and 
wind, which was also presented by the Indian 
Prime Minister and Indian delegates at the Paris 
climate summit of December 2015. Today almost 
11.84% of India’s energy demand is met by the 

renewables. Amongst the renewable sources wind 
takes a share of around 73.98% which proves its 
efficiency and reliability [1-2].

Although wind energy is an established resource 
for power generation still, there are various 
abnorbability’s which are to be strictly analyzed 
for high system reliability. Short circuit faults 
categorized as 3-Φ fault and single L-G fault are 
to be analyzed for their impact, recovery time and 
behavior. Short circuit fault in the system lead to 
issues like the synchronization issues which is a 
major issue in front of power system engineers 
[3]. Short circuit faults lead to voltage dips 
and further lead to stability issues in the power 
system [4]. Short circuit currents is to be given 
prime importance as they further lead to reduce 
the equipment life [5]. After the occurrence of 
the fault certain preventive measures are to be 
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adopted or else may lead to failure of the grid 
converters or high currents in the rotor of the 
generators [6]. The impact of the short circuit 
currents can be limited but it needs installation of 
current limiting devices which further add to the 
cost of the overall system [7]. Short circuit faults 
not only rise because of external conditions but 
also due to failure of insulation or high thermal 
stresses [8]. 

The objective of this paper is to demonstrate the 
capabilities of the considered DFIG and PMSG 
wind farm for its short circuit capability. The 
research primarily focuses on two concerned 
faults namely the 3-Φ short circuit fault and the 
single L-G fault. The analysis also covers the 
time required for the system to recover after 
the occurrence of the fault. The research also 
investigates for any system oscillation after fault 
clearance. All these conditions are analyzed for 
both the PMSG and DFIG wind farms and a 
comparative study amongst both is performed. 
The superiority between the DFIG and PMSG 
is demonstrated by performing the short circuit 
study in the power system simulation tool ETAP 
(Electrical Transient Analyzer Program). The 
research work is primarily focused to present a 
generator with superior Short circuit limiting and 
recovering capability. 

In the paper [3] the authors present the issues after 
occurrence of any short circuit fault leading to 
synchronization issues and power system stability. 
In paper [4] the authors present adverse effects 
of short circuit faults on the DFIG machines. 
The authors in paper [5] indicate that if the short 
circuit current is to be limited use of current 
limiting device is to be made, also the impact of 
these currents should be minimal to protect the 
equipment and enhance its life. They also add 
that if use of current limiting device is made it 
adds to its overall cost, hence a wind generator 
with good short circuit limiting capability is to be 
preferred. In paper [6] the authors have analyzed 
both the symmetrical and unsymmetrical fault 
in the DFIG machines and discussed about its 
impact.

2.0 WIND FARM UNDER 
CONSIDERATION

The same wind farm with similar operating 
topology was considered for both PMSG and 
DFIG wind farm. Both the wind farms were 
individually investigated for their short circuit 
studies with similar operating conditions. The type 
of generators being different all other parameters 
were kept the same. All the analysis was done 
at rated wind speed of 13 m/s. The wind farm 
consisted of total of 13 WTG’s of 2.1 MW each. 
Thus the wind farm contributed a total of 27.3 
MW. The WTG’s consisted of a transformer unit 
of 2500 kVA to step up the generating voltage of 
0.69 kV to 33 kV. The Two main transformers 
in the wind farm (T1 and T2) are used to raise 
voltage level to 132 kV from 33 kV. The WTG 
specification includes a 3-Φ, 2.1 MW, 0.69 kV, 
1500 rpm induction and synchronous generator 
accordingly with stator resistance of 2.83 Ω, 
assigned in ETAP. The design was as per the 
proposed wind farm for consideration in future. 
The layout of the wind farm is presented in Figure 
1 below.

FIG. 1. WIND FARM UNDER CONSIDERATION
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3.0 WIND TURBINE GENERATOR’S

The considered wind farm was analyzed for 
short circuit study for both the WTG’s initially 
the PMSG and later on the DFIG wind farm. The 
PMSG stands for permanent magnet synchronous 
generator. It is connected to the grid through 
converters presented in Figure 2 below. It consists 
of a generator, dc capacitor, converter unit and 
transformer unit. The grid side converter is used 
to maintain the sending end voltage, whereas for 
optimal power transmission stator side converter 
is used.  The PMSG topology has lower initial 
cost, capable of operating in various frequency 
range, and overall high efficiency.

FIG. 2. SCHEME OF PMSG SYSTEM

The DFIG topology (Doubly Fed Induction 
Generator) has both its stator and rotor connected 
to the grid. The DFIG system makes use of 
back to back Power converters. The outstanding 
feature of such machines being its capability 
of giving reactive power to the grid. Although 
they are highly efficient but still need frequent 
maintenance, frequent to faults, high cost and 
more use of power electronic devices. The scheme 
for the DFIG system is presented in the Figure 3 
below with a set of blades, gearbox and converter 
units.

FIG. 3. SCHEME OF DFIG SYSTEM

4.0 RESULTS AND ANALYSIS

4.1 Single L-G Fault

The Un-Symmetrical fault in terms of single line 
to ground fault is the most occurring fault in the 
system [9]. The single L-G fault is to be analysed 
for its impact on the considered wind farms. 
Initially the single L-G fault was introduced 
on the PMSG wind farm at Bus 1 nearer to the 
grid at 7 seconds and cleared at 7.2 seconds, the 
simulation was analysed for a total of 15 seconds. 
It was found that during the presence of the 
fault in the PMSG wind farm the voltage dip to 
almost 84.76 kV during the presence of the fault. 
The voltage dip during the presence of fault is 
presented in Figure 4 below.

FIG. 4. SINGLE L-G FAULT AT BUS 1 ON PMSG 
SYSTEM

It can be clearly observed from the simulation 
result that the voltage dip to almost 84.76 kV. 
Also it is observed that after the fault clearing at 
7.2 seconds the system voltage started recovering, 
with 100% system voltage of 132 kV being 
observed at 7.201 seconds. The tabular form of 
system recovery voltage with respect to time is 
presented in Table 1 below. It is also observed 
that after the fault clearing the system did not 
face any oscillations and thus achieved stability. 
After the fault clearing at 7.2 seconds the system 
totally recovered at 7.201 seconds to 132.031 kV.
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TABLE 1
VOLTAGE RECOVERY IN PMSG FOR  

SINGLE L-G FAULT

SL. 
NO.

TIME AFTER 
FAULT 

CLEARING 
(SECONDS)

SYSTEM RECOVERY 
VOLTAGE (kV)

1 7.001 84.7688
2 7.181 84.7893
3 7.201 132.031
4 7.301 132.026
5 7.401 132.025
6 7.501 132.025
7 7.581 132.025

Now the DFIG wind farm was considered for its 
short circuit study at Bus 1 with similar operating 
conditions like the PMSG. Where the fault was 
introduced at 7 seconds and cleared at 7.2 seconds 
with a total simulation time of 15 seconds. It was 
observed that in the DFIG wind farm during the 
presence of the single L-G fault the voltage dip 
to almost 83.84 kV which was more than that of 
the PMSG. Also it was observed that in the DFIG 
system the voltage recovered to 100% of its 132 
kV at 7.581 seconds which was again more than 
the time taken by the PMSG wind farm. The 
simulation result of the DFIG single L-G fault 
is presented in Figure 5 below with its system 
recovery voltage in the tabular form in Table 2. It 
was also observed that after the fault was cleared 
in the DFIG system there were severe oscillations 
leading to instability in the system.

FIG. 5. SINGLE L-G FAULT AT BUS 1 ON DFIG 
SYSTEM

TABLE 2
VOLTAGE RECOVERY IN DFIG FOR  

SINGLE L-G FAULT

SR. 
NO.

TIME AFTER 
FAULT CLEARING 

(SECONDS)

SYSTEM 
RECOVERY 

VOLTAGE (kV)
1 7.201 130.348
2 7.301 131.973
3 7.401 131.983
4 7.501 131.993
5 7.581 132.001
6 7.201 130.348
7 7.301 131.973

Thus the comparative study amongst PMSG and 
DFIG for short circuit study yields a promising 
result for the PMSG wind farm. Where in PMSG 
wind farm the voltage dip was less as compared 
to the DFIG wind farm, also the voltage recovery 
in the PMSG was quicker than the DFIG as 
presented in the Table 1 and Table 2 above. Also 
the DFIG system had fluctuations in voltage 
after the fault clearing thus indicating the voltage 
instability of DFIG wind farms.

4.2	 	3-Φ	Short	Circuit	Fault

Short circuit fault between the 3-Φ is categorized 
as symmetrical fault and is one of the most 
severe fault in the system. The wind farm before 
commissioning and for short circuit study is to be 
properly analysed for 3-Φ short circuit fault. It is 
well known that short circuit increase the level of 
current and it rises to a very high value when it 
comes to 3-Φ fault. 

The compatibility of the software makes the 
user analyse the short circuit faults. This time 
being a 3-Φ short circuit fault at Bus 1 for a 
total simulation time of 15 seconds. Again the 
fault was introduced at 7 seconds and cleared at 
7.2 seconds. Initially the PMSG wind farm was 
considered, it was found that during the presence 
of the fault the system voltage collapsed to almost 
a 0 kV, indicating the significance of 3-Φ short 
circuit fault. The 3-Φ short circuit fault at Bus 1 
for PMSG wind farm is represented in figure 6 
below. Also the Table 3 below presents the system 
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recovery voltage in PMSG wind farm after the 
3-Φ fault clearing.  It can also be observed that 
after fault clearing there were no system voltage 
oscillations thus resembling short circuit handling 
capacity of the PMSG machines. It was observed 
that the system recovered to its total of 132 kV 
before 7.301 seconds.

FIG. 6.  3-Φ SHORT CIRCUIT FAULT AT BUS 1 ON PMSG 
SYSTEM

TABLE 3
VOLTAGE	RECOVERY	IN	PMSG	FOR	3-Φ	

SHORT CIRCUIT FAULT

SR. 
NO.

TIME AFTER 
FAULT 

CLEARING 
(SECONDS)

SYSTEM RECOVERY 
VOLTAGE (kV)

1 7.201 131.924

2 7.221 131.994

3 7.301 132.039

4 7.241 132.018

Now the DFIG based wind farm was considered for 
its short circuit study. With the similar conditions 
like the PMSG, with the fault introduced at 7 
seconds and cleared at 7.2 seconds with a total 
simulation time of 15 seconds. The Figure 7 
below represents the 3-Φ short circuit fault on the 
DFIG wind farm. Here too the voltage dipped to 
almost a critical value of 0 kV. The Table 4 below 

represents the voltage recovery in the DFIG wind 
farm after fault clearing.

FIG. 7. 3-Φ SHORT CIRCUIT FAULT AT BUS 1 ON DFIG 
SYSTEM

TABLE 4
VOLTAGE	RECOVERY	IN	DFIG	FOR	3-Φ	

SHORT CIRCUIT FAULT

SR. 
NO.

TIME AFTER 
FAULT 

CLEARING 
(SECONDS)

SYSTEM 
RECOVERY 

VOLTAGE (kV)

1 7.201 131.896

2 7.221 131.987

3 7.301 132.028

4 7.241 132.018

Although 3-Φ short circuit for both DFIG and 
PMSG resemble a similar characteristics but still 
the voltage recovery was faster in the PMSG 
wind farm as compared to the DFIG wind farm. 

4.3 Single L-G Fault at the WTG

Initially after the analysis at the grid side, now 
the single L-G fault was analysed at Bus 12 of 
the WTG in network 1 for a total simulation 
time of 20 seconds. The WTG located at Bus 1 
is presented in the Figure 8 below, the operating 
voltage of the Bus being 0.69 kV. Only single 
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L-G fault was considered here as it is the most 
occurring fault in the system as mentioned earlier.

FIG. 8. SINGLE L-G FAULT AT BUS 12 OF WTG 1

FIG. 9. SINGLE L-G FAULT ANALYSIS AT WTG1 IN 
PMSG WIND FARM

Initially the PMSG wind farm was considered for 
transient analysis with the event created at Bus 
12 near the WTG 1. The operating voltage of the 
Bus being 0.69 kV, during the presence of the 

fault the system voltage collapsed to a minimal 
of 0.4037 kV during the presence of fault. The 
single L-G fault for the PMSG at the WTG side 
is represented in Figure 9 below with the voltage 
recovery of the system in Table 5.

TABLE 5

VOLTAGE RECOVERY IN PMSG FOR 
SINGLE L-G FAULT AT WTG1

SR. 
NO.

TIME AFTER 
FAULT 

CLEARING 
(SECONDS)

SYSTEM 
RECOVERY 

VOLTAGE (kV)

1 3 0.69

2 3.001 0.4037

3 3.101 0.4040

4 3.5 0.404

5 3.501 0.69301

FIG. 10. SINGLE L-G FAULT ANALYSIS AT WTG1 IN 
DFIG WIND FARM

Now the similar conditions were implemented 
for the DFIG wind farm with fault introduced 
at 3 seconds and cleared at 3.5 seconds. It was 
observed that in the DFIG wind farm at Bus 12 
near WTG 1, the voltage collapsed to almost 
0.4037 kV again. It was also found that after the 
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fault clearing at 3.5 seconds there were frequent 
oscillations in the system which is also represented 
in Figure 10 below. The Table 6 gives the voltage 
recovery in the Bus 12 for DFIG system.

TABLE 6

VOLTAGE RECOVERY IN DFIG FOR  
SINGLE L-G FAULT AT WTG1

Sr. 
No.

Time after Fault 
Clearing (seconds)

System Recovery 
Voltage (kV)

1 3 0.6946

2 3.001 0.4037

3 3.101 0.4037

4 3.5 0.4037

5 3.501 0.6924

5.0 CONCLUSIONS

1) Thus the comparative study between the 
two wind farms gives a superior short 
circuit capacity for the PMSG wind farms as 
compared to the DFIG wind farms. 

2) Although the characteristics were quite 
similar for 3-Φ faults but considering single 
L-G fault, PMSG provided very fruitful 
results. 

3) In the PMSG wind farm the voltage dip was 
less as compared to the DFIG wind farm. 
Also the PMSG machines after fault clearing 
were stable with no voltage oscillations. 
Whereas DFIG machines had frequent 
Voltage oscillations after fault clearing 
indicating its incapability in handling the 
short circuit faults and leading to instability 
in the system. 

4) Short circuit faults cannot be ignored they 
will occur in the system, but selection of the 
best suitable WTG’s to handle such short 
circuits can be decided by the user using a 
simulation tool. Thus a comparative study 
yields promising results for the PMSG wind 
farm considering its superior short circuit 
handling capacity.

FUTURE WORK

•	 Reduce the level of short circuit currents by 
application of Series Reactor.

•	 Short circuit analysis on other WTG types. 
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