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The influence of transmission system disturbances on the dynamic behavior of a wind park.

SYNOPSIS: In this paper an integrated non-linear model of both the wind park and the interconnection network is presented.
The model is an integration of models previously developed for each component of the system, namely wind turbines, induc-
tion generators, reactive power compensation system. transformers. feeder and possible local loads connected to the feeder.
In order to draw some conclusions regarding the interaction between wind parks and the existing a.c. system, some case-

studies have been performed using the developed models.

1 INTRODUCTION

In 1988 the Portuguese government issued legislation
which allows independent producers to generate electrical
energy and obliges the public electrical utility to purchase
the energy produced by these producers.

Clearly, at that ime wind power was not competitive re-
garding other renewable energy sources. The limited
knowledge of the wind energy potentials. the little experi-
ence with the technology and. as a consequence, an incor-
rect evaluation of the risks by potential plant owners were
the main reasons found to explain the very few projects
presented in the area of wind energy.

Recently, this situation has changed. Some studies were
performed in this area which allowed a better knowledge
of both wind energy resources and technology and con-
tributed to a more confident evaluation of this form of en-
ergy by private investors (1). Also. the experience with
the operation of wind parks in Portugal (namely in the is-
lands of Madeira and Agores). together with the expected
reduction in WECS costs, will certainly contribute to at-
tract more investors to the wind energy area.

In these conditions. some wind parks are currently about
to be installed in Portugal and a boost is expected in the
near future. Issues such as the interactions between the
machines inside the wind park and the coupling to the ex-
isting a.c. svstem of an intermittent and non-dispatchable
energy source were brought up to date. thus the necessity
of possessing the appropriate tools to correctly assess both
wind park steady-state and transient behavior became a
must.

In order to assess the interaction between the wind farms

and the utility grid to where they are connected. some

computational tools have been developed with the aim of
assisting both wind park and distribution system planners
and designers.

These computational tools are based on models that are

able to accurately simulate the behavior of wind parks un-

der transient situations. Two types of models have been
produced:

Al Models that are able to simulate the transient be-
havior of each WECS belonging to a park as well
as the transient behavior of the park with respect
to the utility system, henceforth denoted by de-
tailed wind park models.

B. Models that are able to simulate the relevant dy-
namics of the park with respect to the utility sys-
temn. henceforth denoted by wind park reduced or-
der models.

These models address different problems and will be able
to assist designers and planners in different but comple-
mentary issues. Whereas the detailed wind park models
will assist in the design of the configuration of the wind
park. the rediced order models will assist in the intercon-
nection between the wind park and the utility grid.

This paper is concerned with the development and appli-

cation of wind park detailed models above denoted as type

A, models, type B. models being the subject of a compan-

ion paper "A wind park linearized model” (2).

In this paper an integrated non-linear model of both the

wind park and the interconnection network is presented.



The model is an integration of models previously devel-
oped for each component of the system, namely wind tur-
bines, squirrel cage induction generators, reactive power
compensation system, transformers, feeder and possible
local loads connected to the feeder.

In order to draw some conclusions regarding the interac-
tion between wind parks and the existing a.c. system,
some case-studies have been performed using the devel-
oped models. For instance, the influence that an internal
power plant fault or a disturbance in the feeder has in the
a.c. system, as well as the impact of utilities normal opera-
tion practices (as it is the case of a tripping in the utility
grid breakers followed by automatic reclosure) in the be-
havior of the wind park, have been assessed.

2 DEVELOPMENT

The system studied is presented in Fig. 1
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Fig. 1 - System studied.

The wind park studied was composed by two Z4kVA,
400V induction generators. squirrel cage type. each one
driven by a wind turbine.

Each reactive power compensation system was sized in
order that the admittance of the capacitor bank equals the
slope of the linear part of the no-load magnetization char-
acteristic of the induction generator. This size was chosen
as a result of previous studies in this domain (3). More-
over, this size obeys to the Portuguese legislation.

The wind park is connected to a 30kV feeder through a
step-up transformer. This transformer feeds a local load of
5kVA, cosp=09ind. A substation is represented by an-
other step-up transformer. which has a [5kVA,
cose=0.9ind local load connected to the 304V side.

The short-circuit power at the interconnection point was
assumed to be 20 times the wind park rated power. thus
the-a.c. system is represented by a reactance with the ap-
propridie value.

Models have been developed to describe the behavior of
the different subsystems that constitute the system stud-
ied. Also, a wind model able to generate correlated wind
time series was developed. currently addressing only the
wind turbine side-by-side configuration (4).

The overall model was implemented in a computer pro-
gram called INDUSAT (5) which allows to perform sev-
eral studies either in steady-state and transient conditions.
A wind turbine model was built after the blade aerody-
namic characteristics and taking into account the effects
of variable rotational speed, thus enabling a torque/speed
characteristics to be obtained (6).

As the prediction of induction generator steady-state and
transient performance requires proper account of satura-
tion effects, a model based on Von der Embse circuit the-
ory was developed (7).

The local loads were modeled as constant active and reac-
tive power for the computation of initial conditions and as
a constant impedance in the transient studies. Both the
transformers, the feeder and the a.c. system were modeled
also as a constant impedance.

Due to its crucial importance in the simulation of the be-
havior of the system. a dedicated algorithm was developed
in order to obtain the steady-state operating point, i.e. the
initial conditions for the set of differental equations. This
technique appeals for classical power flow concepts modi-
fied in a suitable way, to calculate the relevant quantities,
based only on the system parameters and on the instanta-
neous wind speed.

It is a current practice to describe the overall system in a
reference frame rotating at the synchronous frequency
50H= imposed by the utility grid, due to the useful simpli-
fications in the system’s representation this approach im-
plies. In steady-state conditions the synchronous fre-
quency actually equals the air-gap field frequency of each
one of the induction generators composing the wind park.
However, in fault or isolation situations leading to both
the wind park and the existing a.c. system become isolated
systems. the frequency is no longer imposed by the utility
grid but is actually dictated by the behavior of the tur-
bine/generator groups.

This clearly indicates that a technique to evaluate each in-
duction generator air-gap field frequency during transients
is required. so that the relevant quantities involved can be
accurately calculated. Moreover. the reference frame
speed must be updated accordingly. in order (o a get a sys-

tems’s representation in a coherent reference frame.



In order to overcome this situation, a method for evaluat-
ing the induction generator air-gap field frequency during
disturbance situations was developed. This technique is
based on the fact that a change in the phase of a stator
quantity means that a change in its frequency has oc-
curred. thus enabling to evaluate the frequency through a
dedicated algorithm.

As far as the reference frame speed is concerned it should
reflect the changes occurred in the induction generators
air-gap field frequencies. As a wind park is generally
composed of a quantity of induction generators possessing
equal characteristics but running in different operating
points, it was thought that the reference frame speed
should be set to the mean of the generators frequencies.

In order to assess the validity of the models developed
some test results were obtained both in purpose-built
simulators and in experimental sites. The comparison be-
tween computer and test results was found satsfactory

(7),(8).
3 APPLICATIONS

The computer program INDUSAT was used to obtain a
couple of results showing the impact of some disturbances
in the feeder on the transient behavior of the wind park.
For this purpose. some case-studies were selected in order
to portray situations which are typical when the interac-
tion between the park and the network is to be assessed.
Case-study I shows a situation where a fault in the feeder
occurs at r=035sec. followed by an opening of the feeder
breakers at t=0.7sec. and an automatic reclosure 300msec.
later. These characteristics have been chosen because they
correspond to normal practices in the operation of a grid
with dispersed generation. To simulate the wind input to
the turbines two wind time series with a cross-correlation
factor of 0.5 and an equal mean wind speed of 7m/sec.
were selected. These characteristics apply to a 25sec. time
scale. but actually we have concentrated our study in a
window of Fsec. time scale in which the two wind time
series have mean wind speed of 6.74m/sec. and
6.51misec.. respectively.

Case-study II portrays a similar situation than case-study I
but with the difference that the cross-correlation factor be-
tween the two input wind time series has been set 10 0.7
maintaining the mean wind speed equal to 7m/sec. How-
ever. in the selected Ssec. time scale the two wind time se-
ries have mean wind speed of 6.96m/sec. and 7.18m/sec..
respec:i.vely.

Figs. 2 display the induction generators emfs obtained for
case-study I (Fig. 2a) and case-study II (Fig. 2b) simula-
tions. It is apparent from these Figs. that in case-study I
the system will reach a stable situation, whereas in case-
study IT an unstable situation is obtained (demagnetizaton
state).
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Fig. 2a - Induction generators emfs (case-study I).
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Fig. 2b - Induction generators emfs (case-study II).

These results indicate that, as far as the transient behavior
of the wind park is concerned. both the wind's mean
speed and turbulence play a very important role. Taking
the case of the mean wind speed, which is easier to ac-
count for, one can remark that the mean wind speed
"seen” by the park in case-study I is less than in case-
study II what can partly explain the different results
achieved from a stability point of view.

The role of the wind characteristics may be even more im-
portant than the fault attributes. In order to show this con-
clusion different fault characteristics have been simulated.
Case-study III portrays a situation in which a more serious
fault has been simulated with the same wind conditions of
case-study L. In the current case-study a fault in the feeder



oceurs at r=0.5sec. followed by an opening of the feeder
breakers at ¢=0.8sec. and an automatic reclosure 500msec.
later. This procedure has been accomplished in order to
try to superimpose the effect of the fault characteristics on
the effect of both the wind’s mean speed and turbulence.
The objective of case-study IV is identical, this time by
simulating a less serious fault. With the wind conditions
of case-study II a fault in the feeder has been simulated at
1=05sec. followed by an opening of the feeder breakers at
t=0.6sec. and an automatic reclosure 200msec. later.

The results obtained are presented in Figs. 3, by display-
ing the emfs of the induction generators for case-study II
(Fig. 3a) and case-study IV (Fig. 3b).

Fig. 3b - Induction generators enfs (case-study IV).

This results clearly show that the effect of both the wind’s
mean speed and turbulence may actually dictate the dy-
namic behavior of the wind park. In fact. in spite of these
situations have been performed with the aim of reinforc-
ing the effect of the fault characteristics, the same results
concerning the stability of the svstem have been achieved.

4 CONCLUSIONS

A detailed non-linear wind park model has been pre-
sented. together with a model describing both the trans-
mission system and the utility grid. The model is based on
the individual models previously developed for each com-
ponent of the system. namely wind turbines, induction
generators, reactive power compensation system, trans-
formers, feeder and possible local loads connected to the
feeder, thus resulting in an integrated full model imple-
mented in a computer program.

In order to draw some conclusions regarding the interac-
tion between wind parks and the existing a.c. system,
some case-studies have been performed using the devel-
oped models. The case-studies address mainly fault in the
feeder simulations, in cases where the wind input time se-
ries of the turbines have different mean wind speeds but
are related through cross-correlation factors.

As statistical analysis was clearly out of the scope of this
paper, only some specific simulations were performed.
However, the results obtained allow the conclusion that
both the wind’s mean speed and turbulence effects may,
in some situations, be more important than the fault char-
acteristics in what concemns the dynamic behavior of the
wind park.
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