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The three-phase self-excited induction generator is driven by prime mover
such as a wind turbine for the clean alternative renewable energy in rural area.
The dynamic voltage, current, power and frequency developed by the
induction generator have been analyzed. The dg-modeling approach for
transient state analysis in time domain of the three-phase self-excited
induction generator with squirrel cage rotor is presented along with its
operating performance evaluations. And calculation of total impedance
regulation, capacitance required to excitation, efficiency and torque required
to drive the 3.6 kW SEIG are included.

KEYWORDS: wind turbine, self-excited induction generator, symmetrical fault,
dq-modeling transient and efficiency.

L Introduction

As wind is a renewable energy it is a clean and abundant resource that can
produce electricity with virtually no pollutant gas emission. Induction
generators are widely used for wind powered electric generation, especially in
remote and isolated areas, because they do not need an external power supply
to produce the excitation magnetic field. Furthermore, induction generators
have more advantages such a cost, reduced maintenance, rugged and simple
construction, brushless rotor (squirrel cage) and so on.

The characteristics of induction generators make them good candidates for the
application of electric power generation from renewable energy sources such as
wind energy, low-head hydro, etc.

/4.0)

The same induction machine is as a motor oris a generator it
requires external reactive power for its excitation to develop
the magnetic flux needed in its iron core. Induction machines
are available in single-phase or three-phase constructions. In
this thesis, the analysis and control given is only for the
three-phase induction machine and the induction machine is
operated as a generator.

The wind turbine can be designed to operate at constant
speed or variable speed. The AC voltage can be compensated
by varying the exciting AC capacitors or using a controlled
inverter and a DC capacitor. However, the frequency can be
compensated only if there is a change in the rotor speed.
Because the frequency of the three-phase stand-alone
induction generator varies with loading and its application
should be for the supply of equipment insensitive to
frequency deviations, such as heaters, water pumps, lighting,
battery charging etc. For applications that require constant
voltage and frequency, the rectified DC voltage of the stand-
alone induction generator should be controlled to remain at
a given reference value.

IL. DESIGN CALCULATION

Any induction machine requires excitation current to
magnetize the core and produce a rotating magnetic field.
The excitation current for an induction generator connected

prime mover above the synchronous speed, electrical power
will be generated and supplied to the external source. An
isolated induction generator without any excitation will not
generate voltage and will not be able to supply electric
power irrespective of the rotor speed.

Induction
genenator

Figurel. SEIG with a Capacitor Excitation System Driven
by a Wind Turbine

The analyzed calculation is based on the following 3.6 kW
induction generator parameters. The generator is star
connected and the output voltage and frequency are 400 V
and 50 Hz. The tested data was carried out under radian
frequency of 100 rad/s.

P : Stator winding resistance R1=1.6 ohm
to an external source, such as the grid, is supplied from that Rotor winding resistance R,=1.6 ohm
external source. If this induction generator is driven by a Stator winding inductance L =0.012H
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Rotor winding inductance L,=0.012H
Nominal torque =50 Nm
Number of pole P=6

Magnetizing inductance Lm=0.181H
Rotor inertia ] = 0.045 kgm?
120%x50
So, the synchronous speed n g =——= 1000 rpm

For rotor speed is vary from 1000 rpm to 2000 rpm, the p.u
slipis vary 0 to -1.

For convenient analysis is obtained let the slip value in
matrix form such as;

s =[-0.00001,-0.008,-0.035,-0.055,-0.1,-0.12,-0.15,-0.18,-0.2,-
0.22,-0.24,-0.27,-0.3,-0.4,-0.5,-0.6,-0.7,-0.8,-0.9,-1]

a b
Z=|Ri+——% +j(X +—j
( I a2+b2j I a2+b2

where,
Xl = 27‘Cle; X20 = 2TEfL2; Xm = 27thm
So, X1 =3.7699 O, X20=3.7699 Q and X, = 56.863 .

The rotor reactance is depend on the slip of generator, X, =
SXzo.

Ats=-0.1,-0.37699 Q;

Where,
s =1.3497°

2
R
And |Z,| = [—zj +X3  =16.00440
S

From Equation 4.4;
L o5l ) _ g 0625, bo L, 10)- 00101
‘Zz‘

Xm |z,

Then, the magnitude of total impedance is;
2 2
a b _
Z:\/[Rl+a2+b2j +(X1+a2+b2j = 182150

The phase angle of the total impedance; 0 = 26.913°
Z =18.21526.913 0 =16.233+j8.24

By using Equations 4.34 to 4.38, the following data are
obtained for various slip under generator operation.

Efficiency calculation of 3.6 KW SEIG;

Core losses Ri can be determined by making the machine
rotate experimentally at no load and measuring the active
power per phase P,, the average voltage per phase V,, and
the average current per phase l,. So, the 3.6 kW SEIG is made
to turn at the synchronous rotation (s = 0), to allow
separation of the mechanical losses from the total losses. In
practical, the data of Py, Vo and Ip are difficult to obtain.
Therefore, assume nearly values of these variables as
following to get convenient calculation.

Po =275 W; Vo = 400/+/3 V; 1o = 6.29 A

Then, from Equation 4.10,
2

VO
n = ——5— =2519320
P —I’R,

0 o

Taking load power such as; P. = [1000, 1200, 1400, 1600,
1800, 2000, 2200, 2400, 2600, 2800, 3000, 3200, 3400,
3600] W at 09 power factor lagging. So,

0= cos_lp.f =cos 10.9 =25.842°

For load power 1.8 kW at F = 0.7 p.u;

From Equation 4.47,
2

R,=—2 =42328Qand
FP,

From Equation 4.46,

R
X, p=—=—=1248520
F tan 0

From Equation 4.45,

F’X;,R
R, =——"-1%  =34.286
Ri, +F X,
R}, X
L= =23.722Q
R, +F X,

Z, =R} +(FX,)" =11428570

And for unity power factor compensation, X.= X;, But,

_ X pxX

= =35.0372 Q;
X,p+X

C

C=———— =90.85 puF;
2xmxfxX,

SN = 128.118¢;
P X, +X
1 2
2
R
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Figure2. Equivalent Circuit of the Parallel Loaded
Induction Generator
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Vph
I —
2 . 1-s
32+j3.393xF+1.6] —
s
=23.2361A
2
\Y%
2, l=s 2 ph
12R2T+12(R1 +R2)+ R,
‘|"| =
2 1-s
R
=76.4954 %

Torque calculation,

The expression for electromagnetic torque for generator
operation, in terms of the arbitrary reference variables is:
From Equation 4.19,

3P .. ..
T, = (EJ(EJLm (ldslqr _lqsldr)

For 3.6 kW SEIG,

Magnetizing inductance (Lm) =0.181H
Rotor inertia (]) =0.045 kgm?;
ias = 11.7A; iar = -13.44; igs =04; i =-11.6A

3 (P
So, Te = EX(EJXO.ISIX[I1.7><(—11.6)—O}
=-110.54394 Nm

And the torque and speed for the generator operation are
related by the following expressions:

P
Th = J(2j po, +Te

0.045xixim (1-s)x110.54394 ;
2 ds S

Where,
ws =100 rad/s and
Tp=-1492.3432 Nm

I1I. SIMULATION AND RESULTS
The following curve is drawn by Matlab program application.
In Figure 3, the total impedance is decreased after generator
speed is greater than its synchronous speed. The total
impedance is smallest between -0.4 and -0.8 p.u of the slip
value.
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Figure3. The Total Impedance / Slip Curve of 3.6 kW SEIG
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Figure4. Capacitance / Frequency of 3.6 kW SEIG

5 w10 Capactance Load
11 -
= 10}
2
-
g
B
%03 i ] ] ] 1
1 1500 2000 2500 3000 3500 4000

Load
Figure5. The Capacitance / Load Curve of 3.6 kW SEIG
Figure 4 and Figure 5 are drawn by Matlab application., The

capacitance required for the SEIG is increased as generator
supplied load and F are increased.
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Figure 6.The Efficiency / Slip Curve of 3.6 kW SEIG

5 T T T T

B - 3 i v i i e e

Effiency (%)

o 2 ET T ET 5
X2 {ghm}

Figure7. The Efficiency / Rotor Reactance Curve of 3.6 kW

SEIG

The curves are drawn by Matlab program application in
Figures 6 and 7 In Figure 6, the efficiency is negative when
slipisin -0.00001 (i.e generator speed is in 1010 rpm). And
the efficiency is higher when the slip is between -0.055 and -
0.1.So, the SEIG must be generated electrical power with the
prime mover speed between 1020 and 1200 rpm. From
Figure 7, the efficiency is higher when the rotor reactance is
between -6.3 () and -8 (.
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V. DISCUSSION AND CONCLUSION

Power absorbed by a wind turbine is proportional to the
cube of the wind speed. Wind turbines are designed to yield
maximum output power at a given wind speed. In case of
stronger wind, it is necessary to waste part of the excess
energy of the wind in order to avoid damaging the wind
turbine.

At a particular speed the capacitance required for self-
excitation, when the machine operates atno load, is less than
the capacitance required for self-excitation when itis loaded.
When an induction machine operates as a motor the speed of
the rotating air gap magnetic field is totally dependent on the
excitation frequency. However, in the SEIG, it is shown that
the frequency of the generated voltage depends on the speed
of the prime mover as well as the condition of the load. When
the speed of the prime mover drops with load, then the
decrease in voltage and frequency will be greater than for
the case where the speed is held constant. Keeping the speed
of the prime mover constant with increased load causes the
magnitude of generated voltage and frequency of an isolated
SEIG to decrease.

When the speed of the prime mover is varied the flux linkage
in the induction generator is varied inversely proportional to
the rotor speed so that the generated voltage will remain
constant. Once a constant DC voltage is achieved a DC load
can use it directly or, if required, it is a matter of having an
inverter to produce a constant voltage and frequency AC
output. Different types of vector control techniques are
developed to control the excitation and the active power
producing currents independently. That is, the current
control scheme causes the currents to act in the same way as
in a DC generator where the field current and the armature
current are decoupled.

The analysis and explanations presented in this thesis
provide a good foundation for further research in the area of
isolated induction generators driven by a wind turbine. By
studying this thesis, it can get not only the basic principle of
induction generator theory but also the simulation model for
SEIG. Therefore, this thesis will help to develop the
technology in the renewable energy sources in Myanmar.
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