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ABSTRACT

This paper presents the development of a dynamic model for the three-phase self-excited stand-alone
parametric generator. The derivation is based on the transformation of the actual machine dynamic
equations into the synchronously rotating reference frame. Effect of magnetic saturation has been
considered due to its well-known stabilizing action in self-excited generators. The results have been
checked using an experimental setup. The model is then extended to the case of using a wind turbine
as a prime mover. The dynamic behavior of the generator has been examined to show the effect of
the turbine characteristics in comparison with the case of constant speed prime movers. The
investigated dynamic behavior includes the voltage build-up as well as sudden change in load in the
case of constant wind speed. The proposed dynamic model has been also employed to study the
generator response under wind gusting conditions.
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LIST OF SYMBOLS

Vs » Vbs » Vos 1NStantaneous  stator C exciting phase capacitance, F.
phase voltages., V. N, N, generator and turbine shaft speeds,
lg s Ipg » log  INStantaneous stator phase rpm.
.. currents, A. P number of generator poles

differential operator d/dt.

Vars Vpr» Vor 1DStantaneous rotor )4
phase voltages, V.
S T 1, Instantaneous rotor phase 1- INTRODUCTION
currents, A.
Vd» Vg instantaneous transformed voltages, In the last decades, attention has been paid to the
V. renewable sources of energy such as sun, wind,
i, iq instantaneous transformed currents,A. ocean,...,etc. This is due to the rapid consumption of
R, equivalent phase resistance of the the conventional fossil types of fuel and the need of
machine windings, Q. the nuclear fuels to a very complicated technology
1., equivalent phase self inductance of which is not available for most of the developing
the machine windings, H. countries. So it is of prime importance to study the
L, max. mutual inductance between one behavior of different types of electrical generators
stator phase and one rotor phase, H. when used in conjunction with systems of renewable
0 instantancous electrical angle sources of energy.
between stator phase ’a’ and rotor The parametric generator is a type of self-excited
phase ’a’. generator that arose when studying the behavior of
W electrical angular frequency of the the RLC series circuit when one of its storage
induced voltage, rad/s. elements (L or C) is periodically varying with time.
Wees Wrm electrical and mechanical generator Actually, this type of machine is a conventional
angular shaft speeds, rad/s. wound-rotor induction machine. Operation as a
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parametric machine necessitates the series
connection of the stator and rotor windings with
proper relative phase sequence. As a generator, the
self-excitation is possible when connecting a suitable
capacitor bank across the machine terminals. The
three-phase  parametric  generator has been
introduced and analyzed using Floquet theory as
well as the transformation to d-q model [1,2]. It was
found that the parametric generator is inherently of
synchronous type. The frequency of the generated
emf is determined only by the number of poles and
the prime mover speed. It is independent of the
loading conditions in the stable range of operation.

A salient feature of the parametric machines ( motors

and generators ) is that the electromechanical energy

conversion takes place only if:

1. The rotor speed is double the synchronous speed.
This means that, for a P-pole machine, the
relation between the speed N, and the mmf
frequency fis given by:

N, = 2* (120* £ /P) (1)

2. The series connection of the stator and rotor
windings is such that the phase sequence of rotor
mmf is In reverse sense to that of the stator mmf
(Figure (1)).
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Figure 1. Series connection of the stator and rotor
windings of the parametric machine.

The generator performance has been investigated
with the aid of a suggested phasor diagram [3] and
compared with the performance of the induction
generator [4]. Voltage control of the parametric
generator has been studied using both of capacitor

BI172

and inductor control [5]. A fixed capacit
thyristor-controlled reactor has been designed ai
applied to keep the terminal voltage constant wi
the variation in load current [6].

The steady state performance of the machine
the motor mode of operation has been investigak
in a previous paper [7].

The previous published work in the field

parametric generators was focused on t
steady-state condition. So, the aim of this paper
to:

e present a mathematical dynamic model for t
generator in the case of stand-alone (isolate
operation.

' check the validity of the model with the aid of
experimental setup.

e apply the model to the case of using a wil
turbine prime mover to study its effect on t
dynamic behavior including voltage build-u
sudden change in load and wind gusti
conditions.

The results will be useful in selecting ai
designing the suitable control method to achie
more satisfactory performance for the paramet
generator.

2- GENERATOR DYNAMIC MODEL

The electrical system of the generator consists
the following three parts:
1- The induction machine connected as a parameti

machine.

2- The exciting capacitor bank.
3- The load.
All these parts are assumed to be of three-pha
balanced configuration.

In deriving the full dynamic model of the electric
system, the induction machine will be treated first
as an individual part as will be shown .

2-1 Machine Model

Based on the proper electrical connection betwex
stator and rotor windings, the voltage balan
equation of the generator mode of operation can |
written in the following operational matrix form:

V+Z@I=0 (
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Z (p) is the transient impedance matrix =

R.: +2L,, 'O'SL“'ZLu}g —0.5L, +2L,,
P{ “'(9)} B Q820 e ‘°*12°'>}
"o'n"*”‘-}§k1.+ IR e L
----- B 4 (auzo»)} MO }

—0.5L, +2L,, ~05L, + 2L,
cos (e+120’)} cou (8) } P{L J'(esza)}

In the absence of zero sequence quantities, the
synchronously rotating reference frame
transformation is given by:

cos(wt) cos(wt-2n/3) cos(wt+2m/3)

KT=273
sin(wt) sin(wt-2x/3) sin(wt+2xn/3)

J 3)

From eqn.(1) the electrical angular rotor speed Wre

(=8) is double the mmf angular frequency 0 such
that:

Wre = (P/Z) c"’rm = @

The transformed vo]tagc balance equation is as
follows:

V+Z(@p)i=0 (5)

where:

[vd vq] [ld 1q] and
Z(p) 0 R,+L;p <.)Lq
-oLy R, +Lp
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L =(3/2){L,+2L } the direct axis inductance.

=(3/2){L,-2L,)} the quadrature axis inductance.

’(i‘he result is similar to that obtained for the
reluctance machine. This shows that the parametric
machine acts as a hypothetical salient-pole machine
[1,2] which justifies its synchronous operation.
Therefore both of reluctance and parametric
machines can be treated using the same
mathematical equations. This is restricted by the use
of the proper definition of machine parameters as
well as the relation between speed and frequency.

Rearranging eqn.(5) results in :
-Ryig-w Ly

V4 id - {‘Vd iq} /Ld (6)

pig=1{vg+wlyiq- R, ig} /Lg )

Equations (6) and (7) determine the machine
currents for given terminal voltage. If the speed is
assumed to be constant, the terminal voltage of the
stand-alone generator is determined by the value of
the excitation capacitance along with load conditions.
However, if the prime mover does not guarantee
constant-speed operation, the mechanical equation of
motion should be also included.

2-2 Full Electrical System Model

To obtain the full model for the stand-alone
generator, equations of the exciting capacitance and
load are to be combined with the machine equations.
To avoid transforming the capacitance and load
branches, it is suggested to dérive the full model
from the actual quantities as follows.

Consider only one phase of the balanced system,
say phase ’a’ as shown in Figure (2). The actual
phase voltage is related to the transformed voltage
according to the relation:

v, = /2_/3 {vycos(wt) +vqsin(¢.>t) } (8)
Similarly:

iy = V273 ligcos(wt) +isin(wt) } )
Since p v, = i ,/C, then:

V2B {(-wv +pv, )sin(wt) +
(w vy +p vy cos (W)} = (i, -1 ,)/C  (10)
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Figure 2. Terminal configuration of phase ’a’.
1) Resistive load condition

In this case, the load impedance per phase Z;
reduces to R; such that:

La = VJ/RL, (11

Using equations (6-10) and equating coefficients of
sin(wt) and cos(wt) yield:

PVvg=-wvg+ig/C-vy (CRp) (12)
B.Xg =W Ng iq/C - vq/ (CRp) (13)

Equations (6),(7),(12) and (13) represent the full
mathematical model for the resistive load. No-load
condition can be simply attained by letting R} tend
to infinity.

1) General Passive load condition
To get a more general model, the load can be

assumed to be represented by any combination of
passive elements such that:

La = Vo/ZL, ) (14)
where Z; (p) is the load impedance in the

operational form.
Substituting from eqn.(8) in eqn.(14) yields:
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sin (wt)} (

Na= m

1
{vd cos (wt) + v
Z, (p) 4
Under steady-state conditions, both v4 and Y
constants. To simplify the analysis, vy and Vol
assumed to be constants during each step

integration. Under this assumption, it is possible
use the following mathematical relations:

jot

zL(p)m( OO=ReZ. @)
_ReZ (jo)cos(wt) +ImZ (jo)sin(wt) (
1Z, Gw)?
jwt
sin(wt) =Im
ZL(p) Z, (o)

_ReZ, (o )sin (0t) -ImZ, (o )cos(w1)
1Z, Go)I?

(]

where Re and Im stand for the real and imagina
parts respectively of the associated function.
Accordingly, using eqns.(16) and (17) in eqn.(]
results in:

3 ‘/—izLow)lz

{(vg Re Z;, (jw) - Vg Im Z; (jw)) cos (wt)
+ (vgIm Z; (jw) + g Re Z;, (jw)) sin (wt)} (1
Substituting into eqn.(10) for i, from eqn.(9) a

i o from eqn.(18) and then equating coefficients
cos (wt) and sin (wt) yield:

Lda_YaReZ(w) , VqImZ(w)
TCTCZGwP ClzGw)P

p Vd=' WYV

i, vyImZ(w) VqReZ(jw)

.
P Vo= V4+ = -
a C C|zGw)]? C|ZG{w)|?

Equations (6),(7),(19) and (20) represent the fi
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dynamic model of the electrical part of the generator
for a general load configuration.

If the load is represented by an impedance of
magnitude Z; and power factor angle ¢, then:

7 (w)=Z; Lo @1)

Therefore Re Z; (jw) = R, and Im Z; (jw) = X|,
such that eqns.(19) and (20) can be put in the
following form:

PVa=- Vg +iglC
{vg cos (§) - vy sin (BMC Z;)  (22)
PVq=w Vg +ig/C
{vg sin () + vq cos (DWC Z;)  (23)

It is obvious that for a resistive load, eqns.(22) and
(23) reduce to eqns(12) and (13) respectively.

- At steady-state the operator p may be replaced by
zero because v, , ¥, iy and iq are all constants.
Performing some simple mathematical treatments,
steady-state relations can be obtained. It was found
that these relations are in complete agreement with
those attained before for both of the parametric [1,2]
and the reluctance generators [8].

2-3 Electromagnetic Torque

The torque matrix G can be written with the aid

of the transformed impedance matrix Z(p)defined in
eqn.(5). Its elements are the coefficients of the
electrical angular speed w,..

Taking eqn. (4) into account , the torque matrix is
given by:
0 -LjJ2

Lj2 O

(24)

The total electromagnetic torque is given by [9]:

Tem = (P12) 17GI
= (P/4)ig ig {LyLo} (25)

2-4 Mechanical Equation

For the sake of completeness, the mechanical
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equation of rotational motion should be included. It

takes the following form:
P @y = (Tpm - Tem - Be @)l (26)

where Tpm is the mechanical torque provided by the
prime mover. Generally, Tpm depends on the
mechanical angular speed .

In fact, exclusion of the mechanical equation
implies that the overall system inertia J_ is so high
that the acceleration pw,, approaches zero. This
corresponds to constant speed operation. However,
in most practical cases, constant speed-operation is
not possible unless a suitable control system is
employed.

3- OPERATION UNDER CONSTANT
GENERATOR SPEED

The differential equations describing the system
dynamics have been solved. The solution is based
on the fourth-order Runge-Kutta numerical method.
Firstly, the program has been used to simulate the
dynamic behavior under constant speed operation.
The results have been checked experimentally. The
laboratory setup consists of a three phase
wound-rotor induction machine connected as a
parametric machine. A variable capacitor bank has
been used to provide self-excitation. The parametric

- machine was driven using a dc motor. The employed

induction machine has the following nameplate data:

4 KW, 50 Hz, Y-A , 380/220 V, 6.9/12 A ,
1410 r/min.

3-1 Magnetic Saturation

In the parametric machines, the magnetic
saturation effect can be included in the analysis
using one of the following two methods. :

1- Assuming that the axes inductances are affected
by the corresponding components of the mmf.
This means that L is a function of 14 and L is
a function of I_ as described in [1,2].

2- Using the machine characteristics as an induction
motor which can ‘be measured by the
conventional tests i.e. dc, no-load, locked rotor
and open circuit tests. The details and derivation
of the relationships between the two sets of
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parameters (induction and parametric) are given
in [5] and summarized as follows:

® Lyg= 0+ 0 + (tr+1/tr +2)M
Lg= 0o+ £+ (r +1/er 22) M

where:
fsand ¢, are the actual values of the stator and
rotor leakage inductances,

M is the actual value of the magnetizing
inductance, and

tr is the stator to rotor effective turns
ratio.

® The relation between the magnetizing current

IOF and the axes rms currents I and Iq 1s:

Iy, = (1 +1/t?13 +(1 - /)12

where: I = i4/y/3 and Ig= iq/\/§

* The relation between the actual magnetizing
inductance M and the magnetizing current can
be obtained from the no-load test. Then it can
be mathematically formulated using an
suitable curve fitting technique.

The two methods have been applied to predict the
steady state behavior of the parametric generator.
Examining the published results reveals that the
second method gives more satisfactory results. This
superiority has been confirmed wusing the
experimental setup under study. Therefore, the
magnetic saturation effect has been included in the
dynamic behavior analysis using the induction motor
parameters with great confidence.

The measured parameters of the employed
induction machine are:

R, = 1.5 Q/phase, tr = 3.6,

£g= £ () = 0.004 H/phase.
The fitted relation between the referred value of the
magnetizing inductance M, ¢ and the magnetizing

current on is given by the following piece-wise
relation:
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M, = 0.21 H for 1, < 2.7 A
= 0.000972 1,7 - 0.027049 I,,, + 0.2675
Jor27 A<l <15A

The relation is extended to over double the machine
rating current (6.9 A) to ensure more accurate
simulation in the normal operating conditions and to
allow for the possible instantaneous high currents in
the transient periods.

3-2 Simulation and Test Results

The following simulation and test results are
obtained when the generator is driven at 1200 rpm.
Self-excitation is achieved using a star-connected
capacitor bank of 300 uF per phase.

Voltage Build-up

The process of self-excitation has been examined.
Figure (3) shows the measured line voltage build-up
at no-load compared with the results obtained using
the suggested model. While Figure (4) shows the
same comparison if a resistive load of 70 {}/phase was
applied before the occurrence of self-excitation. The
validity of the model is evident. The ignorance of
the prime mover dynamics does not greatly affect
the calculated results. The experimental speed drop
due to self excitation did not exceed 4%. From
Figure (3) and (4), it is noted that the voltage
build-up takes longer time for the loaded generator.
It was noted that the self-excitation is more difficult
for the loaded generator. The success of the process
of self-excitation depends on the machine remanent
magnetism and/or the initial charge on the capacitors
terminals. These quantities represent the initial
conditions required for the model to have a
non-trivial solution. In practical cases, If the initial
conditions are not sufficient, the self-excitation can
be verified if the machine speed and/or the exciting
capacitance are increased temporarily. In all cases, it
is recommended to derive the generator to a suitable
speed, then switch on the exciting capacitors. Once
the self-excitation is achieved, the machine can be
loaded.
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Figure 3. Voltage build-up at no-load.
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Figure 4. Voltage build-up for a resistive load of 70 Q/phase.

Sudden Load Change

- Figure (5) shows the effect of sudden application
and removal of a resistive load of 70Q/phase on the
~ line voltage experimentally and theoretically. The
- validity of the suggested model is ensured. Figure
(6) shows the same case for a resistive load of
- 40Q/phase. The theoretical response is similar to the
experimental response at the application of the load
where self-excitation is lost due to this relatively
heavy load. The theoretical model shows that the
~ self-excitation can be retained if the load is removed
which is not experimentally verified. Theoretically,
_ at low magnetizing current, the mutual inductance is
assumed to be constant. The electrical system in this
~case iIs linear. So, any small amount of the initial
_ conditions can provide increasing response. During
the period of heavy load application, the response
decays to a small value which may be still non-zero

Alexandria Engineering Journal, Vol. 35, No. 6, November 1996

at the instant of load removal. Therefore the
self-excitation is possible. If the period of the load
application is increased (e.g. doubled for the present
load) in the simulation program, the response
decreases to a very small value which may be
numerically truncated to zero. In this case the
theoretical self-excitation is not possible after load
removal. Experimentally, the self-excitation needs
minimum values of the initial conditions (remanent
magnetism and/or initial capacitor charge) for a
certain speed and exciting capacitance. Application
of heavy load may cause decaying of the response to
less than these minimum quantities. This
requirement is owed to that the mutual inductance
is not practically constant at low values of the
magnetizing current. Accurate measurement of this
region of the magnetizing curve is practically
difficult.
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Figure 5. Sudden application and removal of a resistive load of 70 Q/phase.
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Figure 6. Sudden application and removal of a resistive load of 40 Q/phase.

4- APPLICATION
SYSTEM

IN A WIND ENERGY

Based on the validity of the suggested
mathematical model, the performance of the
parametric generator has been investigated when it
is connected to a wind turbine to supply an isolated
load. The computer program was modified to
simulate the operation under both of constant wind
speed and wind gusting conditions.

4-1 Wind Turbine Characteristics

For a certain turbine, the amount of wind power
converted into mechanical power P, depends on the
wind speed V, air density p, blades’ diameter D
and the power coefficient C_ according to the

P
following relation [10]:
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P,=18xpD?V,}> C,

The power coefficient C_ of the wind turl
depends on its design ( e.g. blades’ diameter, sk
and pitch angle ) along with the tip-speed ratio )
is defined as the ratio between the speed at
blade tip and upstream wind speed V.
tup-speed ratio is expressed mathematically
follows:

pe

n DN,
60V,

where N, is the speed of the wind turbine shafi
rpm.

The employed wind turbine [10] has a bl
diameter of 2.75 m. Figure (7) shows
dependence of the power coefficient on
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tip-speed ratio of this typical wind turbine. It is
obvious that the extracted power P, is maximum at
one optimum value of A. If variable speed operation
is possible, a suitable control system can be
employed to adjust A at its optimum value according
to the varnation of the wind speed. However if the
rotor speed is to be held constant, extracting power
from wind can be maximized by using the
mechanical pitch angle control.

0.5
0.4 -
0.3 -

0.2-1

Power Coefficient

0.17

0.0 +< 1T
(1] 5 10 - 15
Tip Speed Ratio
Figure 7. C_-A characteristics of a typical wind
turbine [10].

For a certain wind speed V, , the speed N, of the
unexcited generator is to be evaluated. This speed
is considered the initial rotor speed of the simulation
run. Assume that the mechanical system is in steady
state (constant rotating speed) before the period
under investigation ( t < 0 ). Hence N, can be
computed with the aid of the mechanical equation of
motion and the turbine characteristics C_-A. This
results in a nonlinear algebraic equation that can be
solved to obtain N for certain system parameters.
The problem can be greatly simplified to obtain an
acceptable approximate solution by considering the
damping coefficient B = 0. Therefore the required
deriving torque tends to zero. Hence C_ = zero.
Therefore the turbine operates at its maximum tip
speed ratio A (A,,)- Using eqn.(28), the required
speed N, can be calculated from the following
simple relation:
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60n A
N, = 5 D"“Vw (29)

where n is the ratio between generator and turbine
speeds i.e. pulley or gear ratio. In order to obtain
suitable generator speeds, a pulley ratio of 2 is
considered. This value achieves initial generator
speed of 1200 rpm for wind speed of 6 m/s. This
enables fair comparison between the case of constant
generator speed operation (excluding mechanical
equation) and the case of constant wind speed
operation.

4-2 Constant wind speed condition
Voltage Build-up

The process of self-excitation has been examined
for operation under constant wind speed of 6 m/s
and initial generator speed of 1200 rpm (before
self-excitation.) The behavior is shown in Figure (8).
The line voltage build-up of the unloaded generator
is shown in Figure (8a). The effect of the prime
mover dynamics is evident if the response 1is
compared with the case of constant generator speed
of 1200 rpm shown in Figure (3). For the
wind-driven generator, the steady state no-load
voltage drops by 31.4% due to speed drop of 14.2%
(from 1200 to 1030 rpm).

Figure (8b) shows the voltage build-up if the
generator was loaded before self-excitation with a
resistive load of 200 Q/phase, while Figure (8¢c)
shows the same case if the load is inductive of 200
(/phase impedance and 0.8 power factor. Higher
values of voltage and speed drops are obtained for
the loaded generator compared with the no-load
case. Figure (8b) shows a speed drop of 19.2% which
causes a voltage drop of 48.8% compared with the
case of constant speed prime mover speed at 1200
rpm (not shown). The corresponding values of drop
in Figure (8c) are 16.75% for speed and 49.2 for
voltage.
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Figure (9¢) shows the line voltage response

- i uoo! the application of a relatively heavy load re:
300 | Bt _:& load of 40Q/phase which results in a failure |
ool g:: self-excitation which causes a speed increase
g ac [ 700 1030 to 1080 rpm. Removal of this heavy loac
": - cause retaining self-excitation if the capacitor c
i L and/or remanent magnetism have suitable val
) discussed in Section 3.2.
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Figure (9) shows the behavior of the wind-driven 1. 5250 98 ";b:f.:' i
generator under the application and removal of load. c- Resistive load of 40 (Yphase

Figure (9a) shows the response if the load is resistive :
of 200 Q/phase, while Figure (9b) shows the Figure 9. Sudden application and removal of I
response if the load is inductive of 200 Q/phase and of 70 Q/phase at constant wind speed of 6 m/
0.8 power factor. The expected drops in speed and

terminal voltage are obvious.
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4-3 Wind gusting condition

Assumption of constant wind speed is acceptable
only if the time under consideration is relatively
small. Wind speed is continuously varying in a
stochastic manner. This causes difficulties in
mathematical formulation. Therefore time variation
of wind speed can be assumed to be of a series of
discrete gusts of different amplitudes and duration.
Each gust has been mathematically expressed using
recommendations provided and described in [11]. If
the wind speed before gusting is V, then the
speed during the gust ng can be expressed by the
following relation :

, .

Vg = Vg + i;‘-u +eos 2w (t-1)/ )}

Jort,<t<r (30)

where 7 is the gust duration.

A is the gust amplitude. It is generally a function of
gust duration 7 and altitude.

t, is the time at which the gust starts.

Consider a wind gust of amplitude A= 30 % over a
wind speed of 6 m/s, and duration 7= 2 sec. Figure
(10a) shows terminal line voltage and winding phase
current response for unloaded generator if the gust
begins at t=3 sec. Figure (10b) shows the same
response. when the generator is loaded by a resistive
load of 200 Q/phase. Figure (10c) shows the response
for inductive load of 200 Q/phase impedance and 0.8
power factor.

It is noted that such a gust results in an increase of
65% in the terminal voltage of the unloaded
generator. This percentage increases for loaded
generator to be 79.9 % in Figure (10b) and 90.7% in
Figure (10c). This is because of the increase in the
generator speed that is 22.6% in Figure (10a) and
about 18.7% for both of Figure (10b) and Figure
(10c). Also It is noted that winding current is more
affected by the wind gust. An increase of 94 %
occurs for the unloaded generator and 111.7% for the
case of resistive load shown in Figure (10b). The
percentage reaches 124% in the case of the inductive
load shown in Figure (10c). This shows that wind
gusts may result in dangerous effects. However these
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effects can be reduced by increasing the total system
inertia. It was found that if system inertia is doubled,
the speed increases by 18.4% instead of 22.6%. and
the increase in the terminal voltage becomes 50%
instead of 65%. Also increase in the winding current
becomes 75.5% instead of 94%. This is because of
the increase in the system stored kinetic energy that
helps in absorbing = the mechanical system
disturbances.

Generally the dynamic behavior of the self -excited
parametric generator is similar to that of self-excited
induction generator. So its controlled behavior can
be achieved in a similar way. As a wind driven
generator, the speed can be kept constant by using
a suitable mechanical pitch angle control. This
enables connection of the generator to the grid as in
the case of the wind driven synchronous generators
[11].

6- CONCLUSIONS

A dynamic model of the self-excited stand-alone
wound-rotor parametric generator has been
developed. The derivation of the machine dynamic
equations is based on transforming the actual
equations to the synchronously rotating reference
frame. Then a full system model is derived using
the actual relations between machine, exciting
capacitance and load equations. The results have
been checked experimentally resulting in a
satisfactory agreement.

As an application of the suggested model, the
dynamic behavior is investigated when the generator
is connected to a wind turbine. The results show the
importance of considering the prime mover
characteristics. Also the results show the dangerous
effect of wind gusting conditions. It was found that
a gust of 30 % amplitude may cause an increase in
the terminal voltage by 65% at no-load. This
percentage increases with loading to over 90%. The
corresponding increase in the winding current is
from 94% at no-load to over 120% with loading. This
effect can be reduced by increasing the system
inertia on the account of response speed.

The controlled behavior of the stand-alone:
self-excited parametric generator can be achieved in
a similar way to that of the stand-alone self-excited
induction generator.
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Figure 10. Operation at wind gusting condition of 30% amplitude and 2 s duration.

In wind energy conversion applications, the connection with the common grid is possible.

parametric generator can be treated as a synchronous The suggested model of the parametric generator
generator. This suggests the use of pitch angle will be greatly useful in selecting and designing the
mechanical control of the driving wind turbine. This suitable control method to achieve more satisfactory
can keep the generator speed constant to provide performance.

electrical power of constant frequency. In this case,
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