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Modeling and Dynamic Analysis of
Six Phase Self Excited Induction
Generator for Static Load Condition
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ABSTRACT

This paper presents a simple d—q model of isolated six phase self excited induction generator (SPSEIG) driven by
a fixed pitch wind turbine. The mathematical modeling and dynamic performance of common mutual leakage
inductance between the two three-phase winding sets has been studied. The proposed simulation is based on a
wind-turbine model, SPSEIG model and detailed transient behavior of an SPSEIG for sudden switching of various
static load conditions on both the winding sets. The analysis of detailed computer model has been developed in an
arbitrary reference frame for various performances including loading and unloading characteristics, power capability
and reliability of power generating system. The simulation results show a SPSEIG performance and also the transient
response under different load condition with and without series compensation. Thus, the modeling of six phases
self excited induction generator and performances are verified using MATLAB/SIMULINK software.

Keywords: D-Q Model, Dynamic analysis, Series Compensation, Six Phases Self Excited Induction Generator
(SPSEIG), Various Static Load Condition, Wind Turbine.

1. INTRODUCTION

Recently, the Multi-phase AC machines are widely considered as potentially viable solutions for numerous
variable-speed drive applications. Due to increase the emphasis on renewable electric energy generation,
while interfacing with the grid takes place by means of power electronic converters are used for stand-
alone applications. The dynamic analysis of SEIG supports the operation for different network operating
conditions. The induction generator is used in wind energy conversion systems and corresponding rotational
speed depends upon the wind speed. The good performance of machine based on careful selection of shunt
and series capacitance for excitation process. The design SEIG based single phase load for standalone
systems using MATLAB software [1, 2]. In this literature presented a d-q modeling of saturated multi-
phase (six-phase) self-excited induction generator for renewable energy generation. In order to investigation
of various condition such as include the voltage build up, collapse of voltage and various performance
admitting loading and unloading characteristic of power capability and reliability for power generating
system. The steady state performances of SEIG have been compared with experimental results for different
configuration [3].

The dynamic model of multi-phase induction machines consisting of two identical three-phase stator
windings sets sharing the same magnetic circuit. The analytic model has developed in general arbitrary
reference frame. In this model is most suitable for analysis of generator behavior with an arbitrary angle of
displacement between the two three-phase winding sets. The simulation a result has been obtained from
effectively utilized for balanced as well as unbalanced load conditions. The proper selection of series
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capacitors is used for the voltage regulation profile improvement of SEIG. So it becomes provide the
additional VAR requirement with increase of load current. This combination of series and shunt capacitors
are necessary to achieve the desired level of voltage regulation for keeping the machine voltage and current
within specified limits [4, 5]. The mathematical representation of n phase induction machines are normally
applied for high power applications such as ship propulsion, electric aircraft and electric/hybrid electric
vehicles. The developed model based power generating system of magnetizing inductance saturation and
excitation capacitors for task of excitation [6, 7].

The number of balanced and unbalanced capacitors, passive and active load analysis of self-excited
induction generator connected to a load either directly or by an intermediate of a power converter. The main
reason of the decrease in generator rotational speed depends upon the change in load torque. Also, this
frequencies result slightly decrease while after the load application is detected. The transfer function method
is used to analyze the propagation of harmonic currents generated by nonlinear load to the stator windings
of SEIG [8, 9]. The IEEE Standard for Rotating Electric Machinery for Rail and Road Vehicles application
referred in IEEE Std 11-2000. The voltage regulation of SEIG terminal voltage can be maintained constant
and free from harmonics under linear/non linear and balanced/unbalanced loads using STATCOM. It is
also used for the harmonic elimination and provides the required reactive power for load balancing. The
excitation capacitances cause the generated voltage to delay a moment to reach its steady-state value
[10, 11].

The wind turbine based self excited induction generator is used to track and extract maximum power to
the grid. The reactive power compensation can be achieved by using the constant voltage and variable
frequency based converter. The selection of capacitor is based on the frequency and magnetic reactance and
the independent variables depending upon the operational condition of the machine [ 12, 13]. The performance
of multi-pulse electronic load controller (ELC) based isolated asynchronous generator (IAG) for improvement
of power quality. The simulation results can be carried out the THD (Total Harmonic Distortion) is evaluated
based on FFT (Fast Fourier Transformation). The comparison between different terminal capacitor
connections based renewable energy applications in remote locations, while feeding single-phase loads
(IEEE Std 114-2001). This load is depending upon maximum load expected to be served, variations in
voltage and frequency that can be tolerated and reactive power requirements [14, 15].

In this paper, presents the dynamic performance of an isolated 6 phase self excited induction generator
(SPSEIG) driven by a fixed pitch wind turbine. The SPSEIG performance has been analyzed and verified at
under various static load conditions. The effect of series compensation have been analyzed for both three-
phase winding sets abc and xyz. The voltage/current regulation, power handling capability and efficiency
of power generating system have been verified.

2. WIND TURBINE MODEL

In general, fixed pitch wind turbine has been modeled to drive induction generator. It becomes used to
isolate the effects of electrical control rather than mechanical control because pitch control is achieved
through hydraulic manipulation. The number of blades are taken as 3 blade radius equal to considered as
13m and also similarly the gear ratio is taken as 30 with fixed pitch as . Hence, the power coefficient
characteristic of wind turbine explain the non-linear curve that reflects the aerodynamic behavior. In order
to make the wind turbine model compatible with real value components, several modifications can be
applicable in the Simulink wind turbine model. First one consider the wind turbine model was changed
from a per unit system to the actual value system. Second one contains the variable pitch model was
changed to fixed pitch turbine. According to this purpose, the value of the pitch angle is set to zero. The
characteristic forms the basis for the custom turbine model (IEEE standard 519). The non-linear dimensionless
Cp characteristic is given as,
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The values are ¢, =0.5176,c, =116,¢, =0.4,c, =5,¢; =21,¢, = 0.0068 . The new power coefficient is

derived from above equation is given by,

C (1)= 0.5176(1 16/2—(1 16*0.035)—5)@2“*21*0-035 +0.00684 3)

P

The different values of the pitch angle B to represent the performance of C, (/1) characteristics are

shown above in figure 1.
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Figure 1: CP Characteristics of wind turbine
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The torque and power characteristic of wind turbine as represent by following equations such as, W is
Turbine rotor speed or angular velocity and V is Wind speed of turbine.

T,=P, /W, 4)

P, =C,(4,8)0.504V° (5)

The C,can be obtained by developing the custom wind turbine model in Matlab Simulink. The Simulink
Model of wind turbine is shown above in figure 2.

3. SELF EXCITED INDUCTION GENERATOR (SEIG)

Induction machine (IM) is quite popular with isolated several advantages to hydro and wind power plants
compare to other generators available in the market. It is a singly-excited ac machine construction, self-
start quality, low maintenance and low cost draw greater attention from the last decades of WESs developers.
It has also been more rugged, requiring no brushes or commutator. Based on the slip value, the induction
machine can be worked in motor as well as generator mode of operation. In motoring mode of operation
(0 <slip < 1), the rotor rotates in the direction of rotating field produced by the stator currents. The slip
varies from 1 at stand still to 0 at synchronous speed. But in generating mode of operation (-1 <slip < 0),
the stator terminals are connected to a constant frequency voltage source and rotor is driven at above
synchronous speed by a prime mover (IEEE Std 112-2004). The self excited may be occurring under favorable
conditions, while the suitable capacitance is connected across the stator winding of the induction machine.
It has been order to supply the necessary reactive power to achieve generating electrical energy in remote
areas. This operating mode of operation is called as Self Excited Induction Generator (SEIG).

The process of self excited induction generator with graphical representation is shown above in figure
3. It has found increasing applications in distributed generating system utilizing renewable energy. This
machine is ideal choice for electricity generation in variable speed wind energy conversion system. Because
it’s reactive power from the grid is not available. In mode operation, the induction generator needs a reasonable
amount of reactive power which can be fed externally to establish the magnetic field necessary to convert
the mechanical power from its shaft into electrical power. An appropriate choice of excitation capacitance
is required in order to achieve the initiate voltage build up and maintain a given terminal voltage when the
SEIG is loaded.
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Figure 3: Self excited process of induction generator.
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4. SP-SEIG MATHEMATICAL MODEL

In order to increase of efficiency as the number of phases increase is attributed in self excited induction
generator. So that power delivery becomes more continuous such as the number of phases increases. The
transient model of induction generator is exactly similar to an induction motor. The only difference between
these two contains in placing a minus sign before the current phase symbolizing the generator mode instead
of'a motor. Also, the model of the six-phase self excited induction generator (SPSEIG) can be easily pointed-
out based on the six-phase motor. Here, the stator winding is separated into two identical three-phase
winding sets. The usage of Park transformation can be applied to each three-phase set separately for adopting
the usual simplification model.

The schematic representation of two pole six phase machine is shown above in figure 4. The stator has
been distributed six phase windings such as a, b, ¢ and x, y, and z. It has connected in set of two stars with
isolated neutral for prevent the flow of triplen harmonics and physical fault between the two stator winding
sets. The magnetic axes of the two winding three-phase sets are displaced by an angle of 30 electrical
degrees. It should be assumed that the windings of each set sinusoidal distributed and have corresponding
axes displaced by 120 degrees. The three-phase rotor windingsa , b , ¢, are also sinusoidal distributed and
also the corresponding axes are displaced by 120 degree. In developing the above equations describe the
behavior of a multi phase machine assumed. Here, it is not control the physical fault propagation from one
three phase set to the other three phase set.
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Figure 4: Schematic Diagram of two pole six phase induction machine

The voltage equations in the arbitrary reference frame of multiphase induction machine are given by,

Vo1 = gt t Ot T Py (6)
Va1 =i~ 9P P (7)
V2 =l t O tan * PAgy (®)
Vao ="lgn =0 0t PAgn )
0=ri, +[w, -], +pA, (10)

0=ri, ~[@ -4, +ph (11)
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Where, o, is speed of the reference frame, p represent the differentiation of time,  is rotor speed and
all other symbols declare that usual meaning. Here, rotor quantities are referred to stator. The expressions
of stator and rotor flux linkages are given below,

A ==Lyiy =L, [ iy +ip |+ L, | =iy iy +i, | (12)
Ay ==Lyjiy =Ly, [ig +ip |+ L [—ig =g+, ] (13)
Ay ==Lysipy =Ly, [ i+ |+ L, | =iy =iy +i,, | (14)
Agy ==Lygiyy =Ly, [ig +ig |+ L, [=i =140 +iy ] (15)
Ay =Lyiy + L, [ =iy =i, +i, | (16)
Ay =Lyiy + L, [=iyy =iy +iy ] (17)

Where L, common mutual leakage inductance between the two is sets of stator winding and the
magnetizing inductance andZ depends on the degree of saturation. It is non linear function of the magnetizing
current i , which can be obtained from the magnetization curve of the machine. These variables represent
in equations are given below,

L, =L, cosa+L, cos(a+2I1/3)+L,, cos(a—2I1/3) (18)
L, =(4,/i,) (19)
Lr :Llr +Lm (20)

The common mutual leakage inductance L, is defined as the fact two sets of stator windings
occupy the same slots and mutually coupled by a component of leakage flux. This mutual leakage
inductance L, has been produced by an important effect on the harmonic coupling between the two-
stator winding sets and also depends on the winding pitch and the displacement angle between two-
stator winding sets.

In the above all equation suggests the equivalent circuit is shown in figure 5 and the corresponding
prime quantities are referred to stator. The transient behavior is concerned for founding out for neglecting

q-anxis

d-axis

Figure 5: D-q axis Equivalent Circuit of six phase induction machine in arbitrary reference frame
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the stator mutual leakage reactance. The detailed simulation of six phase induction machine based on the
arbitrary reference frame may be demonstrated by first solving the flux linkage equation for the current
equations are obtained below,

i, = Li/{(L,m +Liy) Ay = Ly Ay = sy | @1)
i = Ll/{(L,m + L)) Ay = Ly Ay = Liy 2,y | (22)
i, = Ll, (L, + L) Ay =Ly Ay = Ly 4, | (23)
i, = ]: (L, + L) Ay =LAy — Ly Ay } (24)
i, = /Ll_j_LL,q (25)
by = /Ll—"—/%" (26)

Ir Ir

The detailed simulation of a multi-phase machine is based on the integral form of the machine’s voltage
and torque equations with flux linkage and speed as state variables, winding currents as output variables,
applied voltage and load torque as input variables. To solving for the currents and back substituting of
currents into the voltage equations and rewriting as differential equations are given by,

P, ={qu L A ([Lyy + Ly ) A = Ly Ay - leimq)+wkld1} 27)
pA, = {le —%([L,m +L12]/1d1 -L A, LA } (28)
pﬂqz = {qu _%([le +Lll]ﬁ. lelql L ﬂ, + , dz} (29)
Py, = {de —Z—ZI([L,m +L“]ﬂ -L, A, a)kﬂ,q } (30)

PA, = {(—[a)k —a),,]/ldr —l’%[/’tqr —?tmq]]} (31)

Phy = {([wk ~0,)4, _L_l,.[ " md]j} (32)

Where,
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(LA, +L, A A
Iy = A CE q2)+( q]] (33)

-4 _(le/ldl +Lllﬂ‘d2) +(@j

(©)

1 1 L, +L,)]
=[5 o

L= [L11L12 +1, (Lll +L, )] (36)

(34)

The rotor dynamics and torque equations can be given as,

(0,/0,)=(1/ p)[(1=0,) (P12)(11)(T,, T, )] a7)

T, =(3/2)(P/2)(L,/ L) (iyy+ip) A ~ (i ~i12) 24, (38)

Where, P is denoting the number of poles, J is mention the moment of inertia, o, is represent the base
speed (rad/s) and T, is denote the shaft torque. The value of magnetic inductance depends on the degree of
magnetic saturation. It is a nonlinear function of magnetic current. Also, it can be expressed in the following
equation and the magnetizing inductance. It is calculated from the magnetizing characteristics and can be
obtained by synchronous speed test of the machine equations. The corresponding equations are given below,

i = \/(—iq1 iy, ) (i =gy i, ) (39)
v ad (40)

In general the first utilizes of current as state space variables, while the other relies on d—q axis flux
components as state space variables. Where, a0, al, a2 and a3 are constants and are given in table 1. The
modeling of excitation capacitor and various load condition can be discussed in below section.

L, =a,+aji,+a,i

m

4.1. Modeling of shunt excitation capacitor

The voltage and current equations of excitation capacitor can be transformed from three-phase quantities
into d—q axis by using Krause transformation [3] and related equations are given by,

PV =iy / Cyy )= @y, (41)
pv, = (ldlc/cshl)+a)b (42)
pqu—(qzc/CYM) W,V,, (43)
pv,, = (ldzc/Csh2)+a)b V2 (44)

where i, i,., 5. and i, are denoting the q- and d-axis components of currents flowing into the

exciter capacitor and C,,,C,,, are represented by across the three-phase winding set I and II respectively.
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4.2. Modeling of series excitation capacitor

C

se2

The modeling of current through series capacitor C

sel”

has connected in winding set [ and Il respectively

as same as the load current. The load current along with series capacitance can be used to determine the
voltage across series capacitor and then transformed into d—q axis is given by,

PVoe =gy, (45)
PVarse = lazicse (46)
PV Slpricy, (47)
PVarse = laaricyer (48)

Where the load terminal voltage equations are expressed as given below,

Vigt = Va1 = VYyise (49)
Viar = Va1 T Vaise (50)
Vig2 = Vq2 T Vyose (51)
Via2 = Va2 = Vazse (52)

4.3. Modeling of Various Static Load Conditions
4.3.1. Purely Resistive Load (R) Condition

If a purely resistive load is connected across the terminal of the generator, the load current (without series
capacitor) can be given by,

g, =vy /R & iy =V, /R, (53)

Iy =V /Ry & iy =V, /R, (54)

The Applying Kirchhoff’s current law at capacitor terminals side, to current flowing through the shunt
capacitor will be given as,

e =l — g & By =iy~ (55)

lppe =l =Ly & Iy =iy~ (56)

So that the modified voltage equations with purely resistive load are given below,

PV =i/ Co )= (v /(R Co)) — @ (57)
v =(in ! Con)= (v /(RCy)) + v, (58)
PV =i/ Cy )= (v,2 1 (R,Coy ) ) — 0,5 (59)
PVar =i/ Cy)=(var / (RCyp ) ) + 0y, (60)

where R, and R, are the load resistances connected across the winding set I and II respectively.
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4.3.2. Lagging Power Factor Load (RL) Condition

In general, assume the load is consider as R, L, and R, L, (per phase value) series circuit connected across
winding set I and II respectively. The voltage equations will be given as,

Py =i/ Con )= (iyr / Cor) (61)
PV =iy /Cyy) =i, / Cyy) (62)
PVyr =12/ Coa) (i1 / Cyz) (63)
Py =i/ Copy )= (i2r 1 Coy) (64)
Where the q and d axis of load current can be expressed as given by,
iy, =(v /L)~ (R /L )(i,,) (65)
Pig, = /L) = (R /L) (i) (66)
Pipy =V /L) = (Ry 1 Ly) (i, ) (67)
Pl =iy / L) =(Ry 1 Ly) (iys,) (68)

4.3.3. Model of RLC Load Condition

The dynamic model of three phase RLC load condition in the arbitrary reference frame is given as,

) 1 R ). 1 )
Lar = _[ f Viar — f Ly — Ie '[lldl (69)
1 16

) 1 R ). 1 )

p = I T Vigi _{Zl by — E J-llqlJ (70)

) 1 R, ). 1 )

Lar = (I(L_z)vle _(L_j Lao _(Ejjluzj (71)

) 1 R, . 1 )

by = [I(L_j Vig2 _(L_z Lg2 _(?lelqu (72)
2 2 Gy

Where i,,,i,, denotes load currents in the d-q axis for winding set abc, i,,,%,, denotes load currents in

the d-q axis for winding set xyz, R, L,, C, are represent the load resistance, load inductance and capacitance

for winding set abc and R,,L,,C, are represent the load resistance, load inductance and capacitance for

winding set xyz.

S. DYNAMIC ANALYSIS OF SIX PHASES SEIG

The analytical studies of six phases self excited induction generator have been carried out by using MATLAB/
SIMULINK. The complete simulation model of the SPSEIG driven by fixed pitch wind turbine is shown in
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Figure 7: Mechanical torque and power waveform of wind turbine

figure. The mathematical modeling of overall blocks consists as wind turbine, SPSEIG, Electro Mechanical
torque, Rated speed and various static load conditions. The interaction between of two windings is
representing the destiny and variation of the load. It acts on one winding changes operating conditions to
the other winding situation. It is still maintain for a wide range of rural resistive loads. The overall simulink
model of wind driven SPSEIG with different load conditions is shown below in figure 6.

The fixed pitch wind turbine has been analyzed and generation of mechanical torque and power is
shown in figure. Normally, an induction motor contain the rotor rotates at a slower speed than the stator
field. So becomes the stator voltage and frequency is higher, while compare to that rotor voltage and
frequency. The mathematical modeling of SPSEIG simulation can be obtained waveform listed as six
phase input voltage, torque, rated speed and power is shown in figures 7, 8, 9, 10.

The parameters of the test machine are given in Appendix I and this study explained the effect of cross
saturation has been neglected. The dynamic performances have been presented under following operating
conditions such as,

1. Voltage and Current Build-up of six phases SEIG at no load.

1. Dynamic responses under resistive (R) load condition with and without series compensation.
1ii. Dynamic responses under RL load condition with and without series compensation.
iv. Dynamic responses under RLC load condition with and without series compensation.
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Figure 10: Stator and Rotor Power Waveform of SP-SEIG

5.1. Voltage and Current Build up at no load

In this paper, for taken per phase value of shunt excitation capacitor selected as 38.5uF. The analytical
response waveform of voltage and current during at no load condition for the two three phase winding set
is shown in figures 11. The steady state no-load voltage is generated by 230V at rated speed of 1000rpm. It
can be observed by the SEIG terminal voltage and current build-up from the initial value of few volts and
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Figure 11: (a) Current build up of SPSEIG at no load
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Figure 11: (b) Voltage Build up of SPSEIG at no load

few amperes to the steady state values. Furthermore, the magnitude of the voltage is much higher in case of
a higher capacitor. In order to effect of the excitation current increases with the increase in excitation
capacitance. The rate of no-load voltage and current build- up is depends upon the value of shunt excitation
capacitance and also the level of residual magnetism in the rotor circuit of the SEIG.

5.2. Transient response under R load with and without Series compensation

The simulated dynamic response of six-phase SEIG terminal voltage and load current at switching in a
resistive load of 600Q2. The sudden change of the resistive load and the terminal voltage are reduced to
100V. It gives the decrease in terminal voltage and also causes a decrease in excitation capacitor current. It
can be affects the voltage regulation of the generator. The poor voltage regulation of the SEIG is taken as
due to lack of reactive power. So that it can be compensated through by using the series capacitor connected
in each line. The voltage waveform under R load conditions with and without series compensation is
shown in figures 12.

To selection of the value of shunt and series capacitors may be avoid the excessive voltage at SEIG
terminals. The application of series capacitor should be used in an over-voltage across the generator
terminals. Moreover, the selection of series capacitance should be justified not only for the basis of full
load voltage regulation but also obtained from the view point of load voltage profile and maximum
utilization of the machine as the generator. The dynamic response of six phases SEIG feeding a resistive
load of 600Q2 and likewise the series capacitors 10uF are connected in each line between load and SEIG.
Almost, here retains the no load voltage because of self regulating reactive power the load. In order to
carry out the drop in SEIG terminal voltage, becomes less susceptible to sudden loading conditions as
result of series compensation.
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Figure 12: (a) Voltage waveform at R load without series compensation
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Figure 12: (b) Voltage waveform at R load with series compensation

5.3. Transient Response under RL load with and without series
compensation

The lagging power factor load test is performed with a balanced three-phase RL load comprising 20002
resistance in series with 500mH inductor. The generator voltage has been dropped to 80V. The dynamic
response of six phases SEIG at terminal voltage under reactive load without and with series capacitor is
shown in figures 13.
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Figure 13: (a) Voltage waveform at RL load without series compensation



Modeling and Dynamic Analysis of Six Phase Self Excited Induction Generator... 343

Stater abe Voltage (V)

e L A A
? l'%"i ;‘ 1P ‘ W' u“ui ‘tﬂaﬂmt' Wﬁ%&%’
.SmO Oll 0 2 0.3 0 4 T.ms(f‘isec) 0 6 ] 7 0 8 0.9 1

Figure 13: (b) Voltage waveform at RL load with series compensation

In generally, SEIG with constant speed and rotating magnetic field lags behind the rotor speed. In order
to increase in load of the SEIG consider, while magnitude of the negative slip increases. In this study as the
rotor speed is denoted as the input and increase with slip due to the decrease in the speed of the rotating
magnetic field. The SEIG retains of no load voltage due to the reactive power provided by the selection of
series capacitors range as 10uF. Thus, the generated voltage and frequency are proportional to the speed of
rotating magnetic field and also decrease in the speed of rotating magnetic field.

5.4. Transient Response under RLC load with and without series compensation

The transient performance of the SPSEIG system based balanced load condition such as RLC
(1509,0.08H,12uF ). It can be obtained that the terminal voltage and current attain their steady-state

operation. Becomes, the generator voltage has been dropped to 40V. The dynamic response of six phases
SEIG under RLC load with without series compensation waveform is shown in figures 14.

In order to connection of load can be affected to the dynamic response of SPSEIG output voltage.
Under RLC load effect on the SPSEIG output voltage can be compensated using a series capacitor. The
proper selection of series capacitor should be used as 10uF. This low value of the series capacitor can be
assign relative to the load impedance and power factor. With a proper choice of series and shunt capacitors
must use as the quality of output voltage and current waveforms can also be controlled. The series capacitor
should be used as the load for an appropriate capacitance value. So becomes that sufficient excitation of the
SPSEIG can be maintained when the load is connected. Similarly, the higher-value capacitor will be over
exciting the SPSEIG and the output voltage could be reach high values.

100

S0

o

50

Stator abe Veltage (V)

<100

Stator xyz Vokage (V)

Time (Sec)

Figure 14: (a) Voltage waveform at RLC load without series compensation
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Stator Leakage Inductance (L, , L ,) 21.6mH
Rotor Resistance () 8.79Q
Rotor Leakage Inductance (L) 43.3mH
Mutual Leakage Inductance (L, ) 234.6mH
Magnetization constants (a,, a,, a,, a,) 0.1031

6. CONCLUSION

This paper has been presented, the simple d—q model of a saturated multi-phase (six-phase) self-excited
induction generator (SP-SEIG) driven by a fixed pitch wind turbine under no-load connection with different
excitation capacitors and under a various balanced load condition. In the analytical study model of dynamic
cross saturation and the effects of common mutual leakage inductance between the two three-phase winding
sets have been analyzed. The performance of generator under different capacitor excitation values is verified.
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This corresponding result can be indicate the high excitation capacitance values lead to rapid voltage build
up and higher values of the output voltage. Moreover, an appropriate combination of series and shunt
capacitors are necessary to achieve the desired level of voltage regulation, to keeping the machine voltage
and current within specified limits. This proposed model is equally applicable to the machine with any
arbitrary phase displacement between the two winding sets. Hence, in order verified the voltage/current
regulation, power handling capacity and efficiency of SP-SEIG.
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