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Abstract: - The increasing penetration of load model in distribution systems may significantly affect voltage stability
of the systems, particularly during Low Voltage Ride-Through (LVRT) wind turbine. The main objective of this
work is to present the impact of different static and dynamic load models, on the LVRT recovery after disturbances.
A component and composite loading structures are considered, comprising static, dynamic motor and a composite
model. Motor loads are assessed with respect to their mechanical loads. The polynomial load model using load class
and load type is investigated thoroughly under various operating conditions. The present paper examines the effect
of nonlinear loads as well as different mechanical torque and inertia of induction motor loads on the transient stability
and observing the fault recovery performance of the Doubly-Fed Induction Generator (DFIG) wind turbine system.
The dynamic impacts between wind turbines (WTs) and motor loads are also examined. The complete system is
modeled and simulated using PSAT/MATLAB software environment in such a way that it can be suited for modeling
of all types of loads configurations. The LVRT capability is investigated and the results of voltage dip ride-through
simulations are presented for both static and dynamic load.

Key-Words: - Low Voltage Ride-Through, doubly-fed induction generator wind turbine, static load, dynamic load,
composite load modeling, transient stability.

1 Introduction

As the wind power penetration continue to
increase its share of total energy production, its
impacts on gird stability has been an important issue.
Therefore, wind farms will have to continue to operate
during system disturbances and support the network
voltage and frequency without compromising the
power quality as well as the security and reliability of
the electric power system [1]. Network design codes
are revised to reflect this new requirement. Grid codes
specify that wind farms must contribute to power
system control, as much as conventional power
generation stations and withstanding of wind system
during abnormal condition.

Such requirements are known as Fault Ride-
Through at the Point of Common Coupling (PCC) for
wind farms or Low Voltage Ride-Through capability
for wind turbine generators [2-3]. Low voltage ride
through addresses mainly the design of the wind
turbine controller in such a way that the wind turbine
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is able to remain connected to the system in presence
of grid voltage dip. It is required for the LVRT
capability of the wind farm that the wind generators
must not be disconnected from the grid during fault
persistence either due to over-speeding or under
voltage protections. After the clearing of the fault that
leads to the voltage dip, the voltage at the wind turbine
bus increases. It is also required that the wind
generators should resume their power supply to the
network without losing stability. Upon voltage
recovery, the wind turbines must not consume
excessive reactive power when re-exciting the
generator, as this may result in a further voltage dip.
A summary of the voltage profile for ride-through
capabilities in the German E. ON Netz grid codes is
shown in Fig. 1 [4-5]. It is usually described by a
Voltage versus time characteristic, depicting the
minimum required protection characteristics of the
wind farm to the system voltage sags. According to
this requirement, the LVRT restrictions given by the

Volume 12, 2017


mailto:asaidi@kku.edu.sa

WSEAS TRANSACTIONS on POWER SYSTEMS

German grid code establish two different border lines
that the WTG must accomplish to interconnect with
the grid. In case of dips above the limit line of Fig. 1,
all wind turbines facilities must pass through the fault
without being disconnected from the grid network.
The wind turbines should afford LVRT capability for
grid faults resulting in voltage drop of 85%, which is
amajor requirement of grid codes. To contribute to the
stability of system, they should stay connected to the
system. Moreover, to support voltage recovery they
should supply reactive power [6-7]. This requirement
became essential due to the fact that thousands of MW
wind power were at risk of being lost. If the measured
voltage is below the limit line, the turbines are allowed
to be disconnected.

Variable-speed wind turbines based on doubly-fed
induction generators is one of the most frequently
deployed large grid-connected wind turbines due to
their advanced reactive power and voltage control
capability [8]. DFIGs make use of power electronic
converters and are, thus, able to regulate their own
reactive power in order to operate at a given power
factor or to control the grid voltage. However, DFIG-
based WTs are very sensitive to grid disturbances,
especially to voltage dips [9].

To ensure the security and reliability of the grid
with the new generation of wind turbines in
distribution networks, a number of issues should be
investigated before connecting large-scale wind
turbines units into existing systems as system behavior
depends on the wind turbines technology.

Many researchers have made significant effort to
evaluate the problem of the interaction between wind
turbines and the electric grid. Papers by [10-11] deal
with the interaction analysis of a wind generator with
the transmission power grids during normal operation
and during transient grid fault events. The main focus
of these research is to observe the interaction between
the wind turbines and the local distribution grid
regarding power quality, voltage fluctuations,
mechanical system, the Low Voltage Ride-Through
capability and the ability to protect the wind turbines
without disconnection during grid faults.

From the knowledge gained from the above
research studies, these simulations did not provide a
detailed insight on the interaction between the wind
turbine and the load models. As generation is closer to
the consumer, the interaction between the wind
turbines and load characteristics affects the operation
of the distribution systems. Most of the studies in
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distribution network has analysed the impact of wind
power penetration in the system considering static
load models for simplicity [12-13].

However, static load models are not accurate
enough to represent the behaviour of the load and to
capture all dynamics of the network [14]. In reality,
distribution networks with wind generators have
composite loads which are composed of both static
and dynamic elements [15-16].

One important contribution of this research is
carrying out our dynamic analysis with aggregated
variable speed wind turbines based on DFIG and
composite load model. Composite loads responses are
dominated by dynamic behaviour of Load Tap
Changers (LTC) transformers, induction motors and
thermostatically controlled loads. Industrial loads
contain a large fraction (60 to 70 %) of induction
machines, and their behaviour varies with the
mechanical load. The knowledge of induction motor
loads is essential since stalling motors draw large
reactive currents which may slow post-fault voltage
recovery.

A composite load structure has been
recommended by WECC standards [16], consisting of
multiple loads connected to a single bus: static, motor
and dynamic loads (Fig. 2). Motor loads are assessed
with respect to their mechanical loads. Several case
studies are carried out to see the non-linear
interactions between the generators to the system.
Thus, analysis and investigation of load models
influence on the fault ride-through capability of DFIG
wind turbines plays a crucial role in order to guarantee
a stable and secure operation.

The rest of this paper is organized as follows.
Section II discusses the model of the DFIG including
the mechanical system, electrical system and
converter control system. A component and composite
loading structures are also considered in section II,
comprising static, dynamic motor and a composite
model. Motor loads are assessed with respect to their
mechanical loads. Different case studies are carried
out in PSAT/MATLAB software in order to enhance the
understanding of the evolution of the dynamic
interaction between the DFIG wind turbines and the
power system load model, during and shortly after
severe three-phase short circuit grid fault. A
conclusion and further research closes the paper.
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2 System Models

2.1. Variable Speed Wind Turbines Model

2.1.1 Mechanical System

The mechanical motion equation is modelled as a

single shaft, as it is assumed that the converter controls

are able to filter shaft dynamics [17]. Thus:
Com:(Tm_Te)/ZHm (1)

where H., 1s the inertia constant, T. is the

electromagnetic torque. The mechanical torque Tw
extracted from the wind is:

-2
2
=}
g
h=
153
2
[=5)

o= @)

In Eq. (2), Py is the mechanical power function of the
wind speed uw, and the blade pitch angle 6,. P,, can be
written as follows [18]:

Py =(p/2)C, (8,0, )R7u3, 3)
where p is the air density, R is the wind turbine blade

radius and C, is the aerodynamic power coefficient
function of the tip speed ratio { and the blade pitch

angle 0,. The Cp (é, Op)curve is approximated as
follows [21]:
12.5

Cp = 0.22[g -0.46, _5}3 & (4)
i

1 1 0.035 (5)
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2.1.2 Electrical System

Using the generator convention, the machine
equations of the DFIG written in a d-q synchronous
reference frame are given in per-unit [19]:

— - d¥, .-

V, = -R L +(DLS dts + ¥, (6)
1 P, (0 -om) ;
Vi =-Role - =gt r (7
\?s = _XSTS _XrnTr (8)
\?r = _Xst _XrTr (9)

Where V; and V, are the stator and rotor voltages
respectively, T and T, are the stator and rotor currents
respectively, P and P, are the stator and rotor flux

linkage respectively, Rs and R; are the stator and rotor
resistances respectively, Xm is the magnetizing
reactance, X and X, are the stator and rotor reactances
respectively, ®s and o are the synchronous and rotor
angular speed respectively. The stator voltages are
functions of the grid voltage magnitude V and phase 0
at the DFIG bus:

Vyq = Vsin(-0) (10)
A :Vcos(e) (11)
The electrical active and reactive powers generated by
the stator are written as:

Py = Vialsq + Vsquq (12)
Qs = Vsqlsd - VsdIsq (13)

By choosing the d—q reference frame synchronized
with the stator flux [18], the active and reactive
powers expressions become:

X
P= —X—TVIrq (14)
Q- XmVla V2 (15)
X X

S
Then, the electromagnetic torque T, is simplified into

[20]:

S

X VI
T,=—— (16)
(’OSXS

2.1.3 Converter Control System

Converter dynamics are highly simplified, as they are
fast with respect to the electromechanical transients
[21]. Hence, the converter is modelled as an ideal
current source, where the rotor currents I;q and I.q are
the state variables and are used for the rotor speed
control and voltage control, respectively.
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Differential equations for the converter currents have
the form [22]:

i {—x,jv W(@m)/mm_lmjn (17)
ird :KV(V_Vref)_V/Xm_Ird (18)

Where T, is the power control time constant, K, is the
voltage control loop gain, V. is the reference voltage

and P}, (®p, ) is the power-speed characteristic which

roughly optimizes the wind energy capture and is
calculated using the current rotor speed value.
Currents limits are used to define the active and
reactive power generation limits, which are as follows
[22]:

max
Pmin _ XmVIrq
Xs
min
pmax _ _ vaqu
%s (19)
Qmin _ XmV ?&ax V_2
Xs Xs
gmex _ XmVIg" V2
X X

S S

Consequently, DFIG models incorporate limited
voltage control capabilities.

2.2. Modelling of Load

Use of appropriate load models in power system
studies is essential and an integral part in system
planning, operation and stability studies. Load models
that have been used in voltage stability studies can be
generally divided into static and dynamic part.

2.2.1 Static Voltage-Dependent Load Model

Loads in an area are characterized by their load class,
the composition of each class and the characteristics
of the single components. Typically, load class data is
grouped in industrial, commercial and residential load
data [23]. Industrial load is related to industrial
processes and mainly consists of motors, whereas
heavy industries may also include electric heating
processes. Residential loads consist of households, i.e.
household appliances, including electric heating and
air conditioning devices. Commercial load also
includes electric heating and air conditioning, as well
as a significant amount of discharge lighting. Each
category of load class is in [23].
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A general form of the voltage-dependent static load
model is algebraically described in (20-21). It is
commonly known as the exponential load model.

P = PLO[\\’/]: ] (20)
v b
P 2

Where Py and Qo stand for the real and reactive
power consumed at a reference voltage Vio. The
exponents a and b depend on the type of the load being
represented. By choosing appropriate exponent
values, the above model can represent constant
impedance (a=b=2) or constant current loads (a=b=1).
When both exponent values are zero, the load becomes
a constant MVA load (a=b=0). References [24] and
[25] show typical values of a and b for several types
of loads encountered in power systems.

2.2.2 Dynamic Induction Motor Load Model

The load characteristics have profound effect on the
system dynamics. So it is necessary to consider the
dynamic behaviors of loads [26]. Among the dynamic
loads of a power system, induction motors constitute
the major portion, and it is generally accepted that, for
transient voltage stability, their effect prevails [27].
The aggregated motor load of the system is
represented by an asynchronous machine, modeled as
a single cage induction motor.

The induction motor is modeled using the standard set
of p.u. dqo equations for a synchronously rotating
reference frame connected to a balanced three-phase
sinusoidal supply [28]. The stator flux transients are
significantly fast compared to the rotor dynamics;
therefore, reduced order models can be easily obtained
from the standard model which is well suited for
stability studies by eliminating certain derivative
terms. For example, if the stators flux linkage transient
are ignored, i.e., Wqs =¥4s =0, the standard model is
reduced to a third-order model:
Ey = oysEq — (B + (X, —X)Iy)/T,

By =—0psEq — (B — (X, - X)Ig)/ T,
§=(Tin ()~ Te)/(2Hy)

Vig —Eg =RJgy - X,

(22)
Vig —Eq =RyIgq +X Iy

where X, =X, + X, X =X + (X, X /X, + X)),
T, = (X, + X))/ OpR,
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E’q and E’q are respectively the direct and quadrature
axis voltages behind the transient reactance X’, T(') is
the rotor open circuit time constant, s is the slip of the
motor, oy is the angular velocity of the stator field in
electrical rad/s and T. and Tn are respectively the
developed electrical torque and load torque.
The motor mechanical loads are modeled as speed
dependent loads. Their mechanical torque depends
quadratically on the speed according to the following
equation:
Ti=o+potyw? (23)
Where Tv: mechanical load torque (p.u)

®: angular velocity

a, B, y: model coefficients

3 Case System Description

A typical power system extracted from [29] is used
throughout the paper as a test system to demonstrate
the transient stability analysis of the power system
with large scale wind turbines. The base case line data,
bus data and generator data are given in Table 2 and
Table 4 of the Appendix. Fig. 3 shows the layout of
the power system considered in this paper. In this
work slight modifications are at bus 5, changing from
a squirrel induction generator to Doubly-Fed
Induction Generator and in bus 4 when a
static/dynamic load is added. There are 8 buses, 5
branches, and two generators with their associated
step-up transformers (0.69 kV/30 kV). Assuming
different kinds of load representation, the load in bus
4 is represented by a static voltage-dependent load
model or by an induction motor load model. For the
static load model representation, the totaling load is 30
MW and 15 Mvar. For the case where the dynamic
load model is considered, dynamic parameters of the
aggregate induction motors used in load models are
specified according to IEEE guidelines for use in large
disturbance studies, i.e. [EEE Type 7 motor parameter
designations [30]. The parameters of the dynamic load
model are presented in [30]. From the simulations,
static capacitors with 0.45 pu reactive power
compensation, are adjusted for the dynamic load to
obtain nominal voltage and power factor of 0.99. The
first generator is located at bus 1 and it is based in
synchronous generator and equipped with an
Automatic Voltage Regulator and Turbine Governor.
The generator is modeled using sub-transient models.
The second generator is a DFIG wind farm connected
to the Point of Common Coupling at bus 5 and can be
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Fig. 3. Single—liﬁe diagram of the example system

represented by a P-V bus with the reactive power
limit, since it has the capacity to control the reactive
power. The response of wind farms at PCC has been
modelled by one single equivalent wind turbine,
assuming a uniform wind speed distribution in the
wind farm described in [31]. The wind farm under
consideration is composed of twenty-five DFIG wind
turbines of 2 MW, 690V each. Thus, the equivalent
wind farm presents one single equivalent wind turbine
with 50 MW rated power at the bus 5. DFIG wind
turbine parameters used in this work are presented in
[21]. The wind farm is required to maintain a power
factor within the range of 0.95 lagging to 0.95 leading
which correspond to Qma=16.43 MVar and Qumin=-
16.43 MVar. The frequency stability in the system is
assured by the large generator inertia at bus 1. The
effect of the loads models on the LVRT on the system
voltage stability is demonstrated by performing
transient stability analysis of the test power system.
All results are performed using PSAT/MATLAB
software by applying severe three-phase short circuit
grid fault.

4 Study Cases

In this section, the dynamic interaction between
variable-speed DFIG wind turbines with power
transmission system during and immediately after grid
faults is illustrated and explained.

The transient stability studies are conducted by
applying a sudden three-phase short-circuit on the
network with 100% wind penetration. The severe fault
is applied near DFIG generator at the high-voltage
terminals of the generator transformer at t=20 s with a
fault clearance time of 150ms by permanent isolation
(tripping the relays). During the fault, it is assumed
that the DFIG wind farm operate at its rated capacity
with 0.95 power factor. The short circuit path has an
impedance Zgui =j0.4 p.u.
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4.1 Case I: Exponential Load Model Studies
Various model types of exponential load model, as
defined in Table 3 of the Appendix, has been
simulated. In each case, the critical LVRT of wind
turbine for two cases has been investigated: base case
load and in peak load condition. The following Figs
show the dynamic interaction between the DFIG wind
turbines and the power system model during the short
circuit fault at the bus bar. It can be concluded from
Figs 4.a and 4.b that the system sensitivity to LVRT
could vary for different type load class and load type.
Voltage responses have indicated significant transient
voltage drop profiles with the constant power load and
least with industrial load model. Among the six
different load compositions, the constant power load
model has the minimal amount of the LVRT at the
DFIG bus which is 0.4452 p.u. and is able to carry the
lowest voltage among the six studied load models. An
over voltage is depicted at this type of load equal to
1.1608 p.u. The reactive current support is provided
within 150 ms after the fault detection in accordance
with the E. ON regulation requirement (see Fig. 5).
Thus, the reactive power injection curve improves
voltage profile and the ride-through capability as
shown in Fig. 6. As the active power is reduced (Fig.
6), the excess power of the system is stored as kinetic
energy in the rotor, thus increasing the rotor speed.
The increase in the speed is shown in Fig. 7. The
power control can be implemented to fulfill grid code
requirements when the transients have decayed. After
fault clearance the wind turbine system can continue
with nominal operation. Thus the wind park is
maintained connected to the grid increasing the ride-
through capacity. In a second set of simulations (peak
load condition), the totaling load is 34 MW and 17
Mvar. Fig. 8 shows the grid voltage recovery behavior
at the DFIG wind farm. The LVRT is highly affected
by the fault in this case and the voltage decrease from
0.44 p.u to 0.34 p.u (respectively Figs. 4.a and 8) as
well as an increase in the reactive power generated by
the DFIG. The situation becomes quite different since
the percentage of the load increased with its
maximum.

4.2 case II: Fault Case with Induction Motor Load
The impact of dynamic load models on the transient
stability is shown in Figs 9 and 10. Voltage responses
have indicated significant transient voltage drop
profiles with dynamic load compared to constant
power load model in the base case.
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This fault caused the voltage to drop at the terminals
of the wind turbine to a value of 0.3 p.u. As be known,
the special characteristic of the induction motor is the
stress that it imposes on the system voltages. It can be
concluded that the Low Voltage Ride-Through of the
system could vary for different type of the loads. This
result is important because it indicates that the
induction motor has a significant impact on the LVRT
and the stability of the associated power system.
4.2.1 Perturbation Case with Three Induction
Motor Operated at Full Load

4.2.1.1 Effect of mechanical load torque

In this case of simulation, the grid model comprises
three induction motors in the place of one motor
located respectively at buses 2, 4 and 6 with their
associated step-up transformers (6 kV/30 kV). The
load of motors 1, connected to bus 4, has a constant
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Table. 1. Interconnection system response to abnormal voltage

Voltage range (p.u) Clearing time (s)
0<0.5 0.16
0.5<V<0.88 2.00
1.1<V<1.2 1.00
V=1.2 0.16

torque load; the load of motor 2, connected to bus 2,
has a strong linear dependence on speed, and finally
the mechanical load of motor 3, connected to bus 6,
has a strong quadratic dependence on speed. The
mechanical load model parameters are given in the
Table 5 of the Appendix.

Fig. 11 illustrates the voltage recovery at the DFIG
terminal bus. Fig. 12 presents the DFIG active and
reactive power during the pre-fault, fault and post fault
phases improving the voltage profile as shown in Fig.
15. Before the fault is applied, the active power output
of the wind turbine is 0.5 pu while the reactive power
output is kept constant at 0.05 pu. The initial terminal
voltage of the DFIG is 1 p.u and the generator operates
at super-synchronous speed where the rotor speed is
1.1 pu presented in Fig. 13.

According to IEEE Std. 1547 (IEEE 08), voltage of
distribution networks should recover to an acceptable
level within the time indicated in Table 1. It can be
seen that in this case the system takes the permitted
time of 2 s to return to its pre-fault condition. In this
case, the fault is not enough to trigger the overcurrent
protection, and therefore the DFIG is able to ride
through the voltage dip without action of protection.
The electrical powers return to normal operation.
Approximately 150 ms after fault is cleared and the
terminal voltage is recovered (back to the steady state
value) at 1 pu. This fast voltage recovery is due to the
ability of DFIG to control the reactive power. When
generator disconnection is not ordered, the rotor speed
accelerates abruptly towards synchronous speed. At
this instant, the generator is situated in a motoring
operation. As can be seen in the results, the generator
absorbs a large amount of reactive power until it
comes into a generating operation again. The WTGs
successfully ride through this grid fault. The dynamic
responses of the three inductions motor are shown in
Figs. 14 and 15. Fig. 14 shows the motors slip for the
three motors during the pre-fault, fault and post-fault
phases. Note that the acceleration rate is different for
each motor. Fig. 15 illustrates the voltage recovery at
the motor terminal buses, for the three motors
throughout the period of study. Due to the different
electrical and mechanical characteristics of the motors
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Fig. 15. Voltage recovery at motor terminal buses
after a 3-phase line fault.

1 and 2 compared to motor 3, and due to the system
topology the recovery is considerably slower at bus 4
and bus 2, compared to bus 6. These simulation results
demonstrate the impact of the Low Voltage Ride-
Through on the dynamic response of the three motors.
Motors 1 and 2 are the most critical cases. The voltage
at the PCC, in this case, does not violate the LVRT of
the studied grid code.

4.2.1.2 Effect of Load Inertia

One of the main disadvantages of the static load
models is that it doesn’t take the load inertia constant
into consideration. To demonstrate the significant
effect of the inertia of the load on the fault ride through
capabilities of the wind turbines, the system is
simulated for different induction motor inertia. The
same fault as in the previous simulation is applied. The
fault is cleared at t=20.150s. Fig. 16 demonstrates the
voltage at the DFIG wind farms at bus 5, while Fig. 17
shows the active and reactive power delivered by the
DFIG wind farms. The rotor current and speed profile
are shown respectively in Figs. 18 and 19. The
dynamic response of the three induction motor, at
different load inertia: H;=0.18 s, H,=0.10s and
H3=0.05s are depicted in Figs. 20 and 25.
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The fault causes the rotor current to increase rapidly
and reaches the setting value of the protection.
Subsequently, the converter is locked and this action
is followed by a shorting of the rotor circuit. At this
moment, the generator behaves like a squirrel cage
induction generator. The DFIG draws 0.20 reactive
power from the grid and it does not recover the steady-
state level after the fault clearance. The absorption of
the large amount of the reactive power induces
instability on the wind park.

By comparing the dynamic response of the three
inductions motor (Figs. 20-21), it could be concluded
from these Figs, that the DFIG steady state condition
is different to the previous section. The DFIG fails to
regain its pre-fault operating and it’s disconnected
from the grid to avoid any possible damages to the
turbine. This could be explained that the variation of
the inertia constant of the motors 1 and 2 has a
negative impact on the LVRT of the DFIG wind farm;
while the variation of the inertia constant of motor 3
has not affected the LVRT in spite of its low value of
H. The induction motor 3 persists to the fault and has
better ride-through capacity.

Instability problems occurred in this configuration due
to the influence of the inertia constant of the dynamic
load. From these plots, one can see that the induction
machine with lower inertia (motor 3 at bus 6) has
better ride-through capacity.

It can be concluded that the load inertia has a profound
effect on the dynamic of the DFIG, as it creates a large
voltage dip and thus it is not able to recover the voltage
level to its nominal value quickly after the voltage dip.
The turbine is disconnected after the instant and the
converter is blocked. The voltage at the PCC, due to
the effect of load inertia, violates the voltage level
within the studied grid code at the instant of fault
clearance as seen in Fig.16.

20 205 21 215 22

ime (s)

Fig. 16. Voltage at DFIG

—Poric

55 20 205 21 215 22 225 23 235 24
time (s)

Fig. 17. active and reactive power at DFIG
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Table. 3. Load Class Parameters

Industrial Commercial households
a 0.1 0.6 1.7
b 0.6 2.5 2.6

rotor current Ird at DFIG [p.u]

L L T T T T T
19.5 20 20.5 21 215 22 22.5

Fig. 18. rotor current Ig at DFIG
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Fig. 20. Voltage recovery at Induction Motor
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Fig. 21. Motor slip

5 Conclusion

The present research paper has investigated the effects
of different load models on the Low Voltage Ride-
Through of DFIG-WTs. Three types of load models
consisting of a static voltage-dependent load, an
aggregate of induction motors and composite load
model have been considered. The analysis shows that
the instantaneous voltage drops at the DFIG terminals
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is similar for the different class and load type.
However, when constant power load model is taken
into consideration, worse case performance is
obtained for terminal voltage recovery of DFIG wind
turbine after fault clearance. Also, it was drawn that
the wind turbine system behavior is more sensitive
during grid voltage fault with dynamic load model. On
the one hand, the effects of various mechanical load
torque have been simulated and have shown that the
dynamic response of the motor with strong linear
dependence on speed has a significant effect on the
LVRT of the DFIG-WTs. This fluctuation of voltage
may cause a serious problem to the distribution utility,
which can reduce the lifetime or damage the
equipment connected to it. On the other hand, due to
the influence of the inertia constant of the induction
motor load, the DFIG-WTs are not successfully ridden
through this grid fault and results in violation of the
studied grid code. Thus, load modeling plays a very
important role in the dynamic of the voltage stability
analyses in distribution systems during voltage dips.
Further research using some energy storage and a
specialized controller need to be added to cover the
resulting imbalances between the wind power
generation and load models [32], which is the future
goal of this work.

Appendix

Table. 4. Transmission Line Parameters
(values at 100 MV A base)

From To Nom.V R X

Bus Bus kV) (pu) (pu)

5 2 30 0.023 0.2
2 3 30 0 0.01
4 3 30 0.2 0.05
2 6 30 0 0.3
1 6 30 0.023 0.1
6 7 30 0 0.2
6 7 30 0 0.2
7 8 30 0 0.1

E-ISSN: 2224-350X

Abdelaziz Salah Saidi, Mohammed Ibrahim Y. Al-Rayif

Table. 5. Mechanical Load Data

Bus 8 Slack Voltage 1.00 p.u
generator
Bus1 PV controlled Voltage 1.00 p.u P=100
MW
Bus5 PV controlled Voltage 1.00 p.u P=50
MW

Table. 2. Generator Data

Motor 1 T1,:=0.3 (p.u.)
Motor 2 TL2=0.07+ 0.160+ 0.07 »? (p.u.)
Motor 3 TL3=0.05+ 0.08 o+ 0.18 »? (p.u.)
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