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Abstract: The renewable energy sources (RES) provide immense benefits in terms of operating cost
and freedom from environmental related issues. However, the integration of such RES in our existing
network may have significant impact on power flow. Moreover, it is the need of hour to study and
analyse the behaviour of distribution network as a whole under the fault conditions with sizable RES
installed capacity. In the proposed work, an IEEE 37 Bus distribution network has been considered
with small presence of DFIG based wind turbine under different kind of grid faults. Further, a
thorough analysis has been presented to assess the impact of DFIG based wind turbine on magnitude
of short circuit current (SCC) level.
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Introduction

Protection systems are designed to protect the power system against undesirable operating conditions
that result as a fault in the power system network. Faults can occur as a result of lightning, tree
flashover, and breakdown of insulation or human error. Amongst others, the most common
characteristic of fault is a rapid increase of the current to level above normal operating range. Faults
can also change the voltage or frequency of the power system network.

Many studies are performed by system planners and operators so that that the power system network
is operating correctly. These studies include short-circuit, stability, load flow studies and reliability
analysis. SCC analysis is one of the most widely used studies especially when considering protection
systems, for which it can provide the values necessary for determining relay settings for coordination
of protection devices. Because of this purpose the focus will be on short circuit analysis for fault level
calculations.

The number of DGs interconnection to grid is increasing day by day. The behaviour of turbine
connected to grid system has been investigated [1]-[4]. But the contribution of DG like WTG to short
circuit level (SCL) is not getting attention. The SCC effect is important for network protection, and to

know maximum currents allowed in a power network [5]-[7].

In a variable-speed turbines with a PEC between stator and grid, the SCC can be estimated
comparatively easily, which generally not more than the nominal current of the converter .Wind
turbines like constant-speed and a variable-speed turbine with DFIG, both have grid connected

induction machine. The SCC behaviour of induction machines depends on characteristics of machine
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[8]. A Doubly Fed Induction Generator (DFIG) is directly grid coupled and it also has a Power
Electronic Converter (PEC) between rotor and grid. Voltage drop will cause large, oscillatory currents

in the stator windings. Due to coupling between stator and rotor, these currents will pass to the rotor.

The Distributed Generation (DG) may introduce various advantages such as.
e Unloading sub-transmission and transmission system.
e  Decreasing losses.

e  Enhancing reliability and power quality.

In this paper, the impact of DFIG turbines on Short Circuit Level of 37-bus test system by ETAP
12.6 software is examined which includes various types of faults such LLLG, SLG, LL, and LLG.
The comparison of Short Circuit Current Level for different fault types for different scenarios is

presented and discussed.

Mathematical Modelling of proposed system
The DFIG is basically a WRIG in which the rotor circuit is controlled by power electronics devices

for getting variable speed. A block diagram of the DFIG is shown below in Figure 1
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Determination of fault current contributed by different wind turbine is explained here, as calculation
SCC for variable-speed WTG with PEC between stator and grid is relatively easy, which is
determined by converter and generally it will not exceed the (nominal) current rating of converter.
Wind turbines like constant-speed and a variable-speed turbine with DFIG, both have grid connected
induction machine. The SCC behaviour of induction machines is depends on characteristics of
machine [9]. A DFIG is directly grid coupled and it also have PEC between rotor and grid . To
determine the maximum short-circuit current some good approximate equations have been derived
[10]. Here a worst case is considered in which a short circuit occurs at the terminals of the induction

machine.
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Here we determine the response of machine to 3-ph fault at its stator terminals which is based on [10].

Equations which explains an induction machine in a synchronously rotating reference frame are [10]

Rs JRTA Lso Lo JeS-olys Rs
Is Ir
Lm Vr

vs = Rgig + % Ll [ T | (1)
Ve = Rydp + S+ j(00g = 0P (2)
P = Lilg + Lipipeeeeovereeeeoneeseeinneeens (3)
Wy = Ligig 4 Lifpeeoeeeeeeeeeee oo (4)

Where symbols represents - f —Freq. [Hz] , i -Current [A], | -phase current [A], k- Coupling factor ,
L- Inductance [H],R- Resistance [Q2], t- Time [s], T- Time constant [s], v- Voltage [V], V- Effective
phase voltage [V], X- Reactance [Q], Z- Impedance [Q2], a- Angle [rad], o- Leakage factor, -
Angular velocity [rad/s], y- Flux [T] and Subscripts a- Phase a, cb- Crowbar, m- Mutual, max-

Maximum, r- Rotor, s- Stator and o- Leakage.

In above equations, parameters are expressed to the stator side. On the basis of equations, the
equivalent circuit of IM is shown above in Figure, which may be used for transient analysis of IM.

From (3) and (4), the currents can be expressed as

1 L 1
i = =g — 2 W e (5)
Lin Ly Lin
Ls—1r i
L 1 1
T (6)
bs -1 r— i

2

Term Lg — (LL—'") represents transient inductance which is denoted as L.
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Asls =Lgs+ L, and L, =L, + L, , SO transient stator inductance may be expressed as

m ..................... (7)

L= Ly +80Mm (8)

Ke =20 9)
(10)

and the leakage factor as

L

cr=1—LsLr ................................. 11)

With the inductances and factors, (5) and (6) become

. W .
s =—— K=
S Lg T'Lg

(12)
T — (13)

Amount of current supplied by an IM will be approximated using above equations. The voltage
equations of an induction machine are given by (1) and (2). Solving differential equations 1 and 2
give the current in a steady-state situation.

During the occurrence of a short circuit, currents present in the induction machine are Stationary
having frequency of f; (stator) and f, = sf; (rotor), Stator dc current as the rotor rotates with oy, = (1-5)
os (one pole pair) w.r.t this fixed space vector, the rotor adds an alternating current with

f = (1-s) ws to this dc current and Rotor dc current which rotates with rotor and induces a.c in stator.

The space vector slowly rotates and damped exponentially. The time constant for stator and rotor is
given below as [10].

P Ls

T§ = e (14)
;_ Lr

Tr _R_r .............................. (15)
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SCC of an idle machine is determined (neglecting mechanical losses, rotational speed ws.).For steady

state stator resistance can be neglected. Before short circuit, the rotor current is zero I, = 0. The stator

current is
. Vv ej(l)st V. eja)st
jost — Vs — Vs
Ise TR T el e (16)
The stator flux is
. . V.elost
st = Ll sty = =2 (17)

The rotor flux is

L Vsel®st ygelost

= kg (18)

elost = [ elost], = :
LlJr s m Ls jws Jws

Three-phase short circuit is assumed to occur at t=0 at stator. So rotor and stator are short circuited,

which implies that there is no change in flux. The stator flux is given by

Ws

During short circuit, rotor and stator flux y;, and s have same angle and amplitude. The stator flux is

fixed, but rotor flux will change with rotor and after half time, become 180" out of phase.

Stator SCC is obtained by putting (19) and (20) in (12) as

Wr _ W kw _ A3V e
lS—L, er{_ s x r_]mSLS,[1 krks€/@st].....o (21)
W=Ws,Oo
‘r,0
Os
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Writing k. ks as 1—o [see (9)—-(11)], the equation becomes

. 2V

g = -
s jwsLg

[1— (1= 06)ef®st]. oo, (22)

Above equation is obtained (stator and rotor resistance neglected), implying that the current is un-
damped but in reality it will decline. Here first term represents dc component in stator current which
damped with time constant T,. The second term represents ac component in stator current and
damped with time constant T,'. So equation (22) becomes [11].

V2V >

t
ii=""e s—(1—o0)elste Tr|..oooiiiiiinnn... (23)
iXs

When the voltage v; has angle a + (7/2) with respect to stator phase a at the moment of short circuit,

then v, = v2V,e/®. The SCC is then projection of the vector on the a-phase, i.e., its real part

isa = =7 e Ticosa— (1 —o)elste T cos(wgt + )
S

_@[ 7 T cos(w.t 4+ |...... (24)

The current after half period t = T/2 gives approximate of the maximum current [11]. The maximum

current is therefore;

i T4 (1—g)e T
lsmaX‘xg e 2Ts + (1 —o)e 2Tr

_\/EVS|: T T]

Calculate the maximum SCC of DFIG by putting the values of 7, from table -1 as observed
from figure-5 by using above equation (25). In the same way SCC values for other type of

WTG can also be calculated using table-1.

3-phase a.c windings of stator and rotor that provides speed around +30% of synchronous speed
[11].The three phase stator winding is directly connected to grid through a transformer, whereas the
three phase rotor windings are connected to grid through RSC, GSC and filters [12]. Active power
flow from stator is unidirectional. However, it is bidirectional when flows rotor to grid depending
upon mode of operation. The power rating of converter depends on the range of speed of operation i.e.
around 30% of the nominal rated power output of turbine [11]. General data of TYPE-3 generic wind
turbine used for fault current calculation in 37 bus distribution network are- Nominal power: 1,000
kW, Rotor diameter: 60m, Swept area: 2828m? Air Density =1.225 kg/m3, Power control: Pitch,

Start-up wind speed: 4 m/s, Nominal wind speed: 15 m/s and Maximum wind speed: 25 m/s. Average
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wind speed for performing experiment is taken as 16 m/s. Its curves like power curve, wind profile

curve and wind power coefficient curve of 1 MW type -3 DFIG is shown in Figure 4. Below:

Power Curve Wind Power Cp

/ [\

Vewind (m's) 'n‘TipR

wi'p

wPgout (MW)

Wind Profile Curve

e

1

wV win (m/s)

wT (sec)

The selected IEEE 37 bus distribution system for the study is shown in figure-5. The short circuit

analysis is performed on 37-bus test system using the ETAP12.6 software. Line diagram of the
simulated system is shown below in Figure 6.
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Figure 5.- IEEE-37 Bus Distribution System Figure 6. Bus Distribution ETAP Test

System Model

Six scenarios are created here to determine impact ofType-3 WTG on SCL on IEEE-37 bus
network is given in Table 1. Scenarios are varied to obtain reliable and valid results.
Simulation examine the occurrence of different types of fault (3-ph, SLG, LL, LLG) at
different buses 2,30,8,11 respectively. The criterion of buses selection where based on
distance from the main grid and loads concentration. Then results are analysed based on

comparing SCL values at each six different scenario with no DG.

TABLE 1- SIX DIFFERENT SCENARIOS APPLIED FOR TYPE-3 WTG

SCENARIO CONDITION
Scenario 1 (S1) No DG penetration
Scenario 2 (S2) 1 MW Type-3 WTG placed at Bus-2
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Scenario 3 (S3) 1 MW Type-3 WTG placed at Bus-30
Scenario 4 (S4) 1 MW Type-3 WTG placed at Bus-8
Scenario 5 (S5) 1 MW Type-3 WTG placed at Bus-11
Scenario 6 (S6) 2*0.5 MW Type-3 WTG placed at Bus-8 and 30

Simulated Result and Discussion

The impact of different location and size of Type-3 WTG on SCL of IEEE-37 bus distribution system

by ETAP 12.6 software is given. Here results are obtained by using ETAP (ANSI standard, C37.010-

1999) which is capable of calculating rms values of current at 1/2 cycle ( maximum short circuit

current ), rms value of current during 1.5 to 4 cycle and rms values at 30 cycles ( minimum short

circuit current).

All results shown in this paper are in rms values of fault current during 1.5 to 4 cycles. Here the

results are shown for all four types of faults as shown in table -2 for six different scenarios. The

impact of various types of faults on the SCL in all scenarios applied are s3- phase fault, LLG fault,
LL and SLG. That is it shows highest impact for 3-ph and least impact for LG fault.

3PHASE FAULT
LOCATION
OF FAULT Sl S2 S3 S4 S5 S6
BUS 2 11.832 12.431 12.410 12.405 12.383 12.123
BUS 30 7.832 8.086 8.369 8.370 8.369 8.101
BUS 8 6.686 6.865 7.098 7.190 7.198 6.915
BUS 11 3.825 3.876 3.963 4.009 4.240 3.907
LINE TO GROUND FAULT
LOCATION
OF FAULT
S1 S2 S3 S4 S5 S6
BUS 2 4.099 4.155 4.153 4.152 4.149 4.136
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BUS 30 2.272 2.289 2.301 2.302 2.302 2.293
BUS 8 2.000 2.013 2.024 2.026 2.028 2.018
BUS 11 1.298 1.304 1.309 1.310 1.313 1.307
LINETO LINEFAULT
LOCATION
OF FAULT S1 S2 S3 S4 S5 S6
BUS 2 10.309 10.955 10.926 10.918 10.886 10.736
BUS 30 6.843 7.116 7.427 7.428 7.422 7.254
BUS 8 5.841 6.031 6.285 6.390 6.396 6.190
BUS 11 3.330 3.382 3.476 3.526 3.787 3.449
DOUBLE LINE TO GROUND FAULT
LOCATION
OF FAULT S1 S2 S3 S4 S5 S6
BUS 2 10.459 11.108 11.072 11.062 11.022 10.872
BUS 30 7.050 7.322 7.595 7.599 7.601 7.426
BUS 8 6.079 6.272 6.502 6.585 6.600 6.398
BUS 11 3.563 3.618 3.706 3.750 3.968 3.675

The amount of fault contributed by different type of DG is determined by factors [13] such as:

» The type of DG used, as different types will contribute different amount of fault currents.

» The distance from the point of fault, as the increased line impedance will reduce the amount
of fault current.

» Presence of transformer as its short circuit impedance may limit the fault current.

» Network configuration between DG and fault, as for different paths fault current magnitude
will be different.

» Method of coupling of DG to network as directly connected system will contribute higher

currents as compared to via PEC [14].
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Figure -7. SCC in Different Scenarios for Three Phase Faults in Case of Type-3 WTG.
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Figure -7. SCC in Different Scenarios for LL Faults in Case of Type-3 WTG
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Figure 9. - SCC in Different Scenarios for LLG Faults in Case of Type-3 WTG

It is also observed from bar graph that change in the SCL level is huge (around 3-9 %) for scenarios 2
to 6 (WTG Type-3 connected) in comparison with scenario 1(without WTG power plant). Figure 7 —
9 shows comparison of fault currents taking WTG power plant location and the type of fault as a
percentage of without WTG. From above figures it could be noticed that when fault occurs at node 2
(near utility grid), the short circuit current is so significantly high as compared with the SCC for all
types of fault and scenarios if a fault occurs at nodes 8,11 or 30. At scenarios 3,4 and 5 the SCC has
the highest values when a fault occurs at node 30, 8 and 11 respectively and a IMW Type-3 WTG
power plant is located at the same bus.

CONCLUSION

In this study the effect of DFIG penetration on the SCL of IEEE 37-bus distribution network by
comparing six different scenarios by varying location of the WTG is analysed. The three-phase type
fault had the severe impact followed by double line to ground followed by line to line fault.
Conversely, the line to ground (SLG) fault represented the lowest impact. The highest SCL always
observed at bus (near the grid) for six different locations of DFIG for various types of fault.
Conversely, lowest occurred at the farther bus with respect to grid in the six different scenarios for
various types of fault. This behaviour of Type-3 WTG is because of its connection with the grid i.e.

stator directly coupled and rotor is coupled through Power Electronic Converter.
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