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Analysis and Control of
Self-Excited Induction Generator
with DC-AC Boost Converter
for Stand-Alone Applications

Sudhasri.R, Karthigaivel.R, Selvakumaran.S

Abstract— This paper proposed a control scheme of a Three-Phase Self-Excited Induction generator (SEIG) supplying single-phase and
three-phase load for voltage regulation under variation of wind speed and load. This system contains single-phase and three-phase boost
DC-AC inverter connected separately with three-phase induction generator, capacitor bank and three-phase diode bridge rectifier. This
proposed scheme is used for island-mode applications where the grid connection is not feasible. This Boost inverter provides boosted AC
output voltage from input DC voltage. This control scheme achieves robust, accurate, fast and highly immune to input voltage and output

load variations.

Index Terms— Boost Converter, Island-mode, SEIG, Wind Energy. Wind Turbine.

1 INTRODUCTION

N recent years there is an increase in demand for non-

renewable energies like coal, crude oil, etc. Nowadays peo-

ple are well aware for using renewable energies like solar,
wind power and bio-mass because of their environment
friendly nature. Wind turbine technology has become essential
to adopt a low cost generating system, which is used to pro-
duce electricity in the remote areas where the grid connection
is not available. This system shows a single-phase and three-
phase boost inverter connected separately with the three-
phase SEIG supplies electricity for both single-phase and
three-phase applications.

The induction generator is considered as an alternative
choice to the synchronous generators because of their lower
cost, simple in maintenance and ruggedness. This generator
has an ability to generate power at varying speed in various
modes such as self-excited stand-alone or isolated mode. This
proposed system has been simulated and verified using
MATLAB/Simulink.

2 Boost DC-AC INVERTER

Normally for isolated wind energy supplies the first stage of
the converters used in electrical generation of wind energy
conversion systems would be a phase controlled rectifiers to
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get DC constant voltage from variable output AC voltage from
SEIG. The second stage must be an AC for stand-alone
systems, so inverters are needed after the rectifiers. In this
work single-phase and three-phase Boost DC-AC inverters are
used to obtain single-phase and three-phase AC output which
is greater than the given input DC voltage.

2.1 Single-phase Boost Inverter

The Single-phase DC-AC Boost inverter consists of individual
two Boost converters. These converters are driven by two 180
degree DC-biased phase-shifted sinusoidal references whose
output is an AC voltage with a peak value that can be greater
than the DC input voltage. It uses double loop regulation
scheme. It consists of two control loops an outer output
voltage control loop and inner inductance current control
loop. Both are based on averaged continuous-time model to-
pology of the boost. It makes the system controlled to be ro-
bust to input DC voltage and AC output current variations,
which represents a very effective additional advantage.
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This inverter can be used in AC driver systems design and
uninterruptible power supply (UPS) whenever an AC voltage
larger than the DC input voltage is needed, depending on the
duty cycle instantaneous value. So there is no need of a second
conversion stage of power. The classical VSI does not have this
property it generates AC output always lower than the input
DC voltage. So it is very efficient for single-phase applications.
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(i) Control of DC-AC Boost Inverter

The Boost inverter output voltage control is achieved by the
both boosts control strategy and operating them with proper
voltage references. The following sinusoidal DC-biased
references are used to driven the Boosts (1-4):

if sin (wt)<0

V, o = Voo +1/4/2V sin(et) (1)

Vy o =Ve —1/N2V sin(at) @

if sin(@t)>0

Vit =Vo +Vg o =V, + J2V sin(at) ®)
Vo et =Vi Vo et = Vi — J2v sin(wt) 4)

where V is the rms value of the AC output voltage and Vpc is
the DC-biased reference value.

This control strategy improves the response of the system in
case of perturbations. Dynamic properties of the Boost
converter depend on the duty cycle’s actual value, which is
changed according to the output voltage variations. The boost
has to compensate the voltage output variations that can be
selected from the sign of the output sinusoidal voltage.

(ii) Double loop control strategy

As mentioned earlier, each Boost converter is controlled by
Boost averaged continuous-time model, which is shown in the
following equations:

Ic +ip =(1—-d)i, 5)

v, —v, =(1-d)v, ©

where v, is the output capacitor voltage, v; is the voltage in-
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put, v is the voltage of the inductor, i, is the current output, ic
is the capacitor current, i; is the inductor current and d is the
duty cycle time-averaged value.

Transfer functions for the inductor and capacitor are

I (s)/V, (8) =1/ (r, + L) 7)

V()1 (s)=A+rC.)/C
2 (8)11.(s)=(+rC,)/C, ®)

where L, C, r; and r. are the values for the inductance, capaci-
tance and internal resistance of L and C.

2.2 Three-phase Boost DC-AC Inverter

The single-stage three-phase inverter has three DC-DC bi-
directional boost converters connected with a point (X) as
shown in Fig.3. These boost converters produce a sine wave
DC biased output. The advantage of this converter is the use
of only six IGBTs with small passive elements to generate an
AC output voltage larger than the input DC voltage. The AC
component of each boost converter is 120 degrees out of phase
with the other.
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Fig.3 Three-Phase Boost Inverter

Boost inverter each phase consists of two IGBTs, one capacitor
and one inductor. There is a common point (X) for capacitors
connected with DC supply negative terminal. The inverter
terminals are connected to the load creates another point (L)
that is not to be connected with capacitors common point (X).

Reference voltage of each capacitor has two components:

i. DC component (Kqc): It is equal for all phases and it must be
more than the summation of AC component peak (K.) and
input DC voltage (Vac).

ii. AC component: Each converter AC component having
equal magnitude but 120 degrees out of phase to the other
converters.

The capacitors connected with the load terminals to prevent
DC component from appearing across the load. The equation
(9-10) shows the line-voltages and phase-voltages which can
supply any three-phase load.

VAO (t) = VDCo +Vaco Sln(a)t)
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VBO (t) :VDCo +Vaco Sin(a)t - 27[ / 3) (9)
Vo (£) =Vpeo +V,e SiN (0t + 2771 3)

Vag (1) = Vo () = Vgo (1) = \/évaco sin (a)t +7l 6)

VBC (t) :VBO (t)_VCO(t) :\/gvaco Sln(a)t—ﬂ'/Z) (10)
Ven (t) = Vo (£) = Va0 (t) = V3V, Sin (a0t + 57/ 6)

Vao /Voei =1/ (1= D (1)) (11)
DAref (t) =1- (VDCi /VAOref (t)) (12)

The voltage output relation for phase-A for the continuous
conduction mode can obtain from (11), where D is the DC-DC
converter duty cycle. To get phase-A Vaons across the
capacitor, the reference duty cycle instantaneous value for this
phase can be obtained from (12).

The Fig.4 shows the pattern of PWM pulses generation, where
fs is frequency of the inverter.
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Fig.4 PWM Generation

3 SEIG wWITH BOOST INVERTER

The proposed system consists of three-phase SEIG connected
with single-phase or three-phase boost inverter for single-
phase or three-phase stand-alone applications. The three-
phase squirrel cage induction machine or wound rotor could
work as induction generator either connected to AC power
utility distribution or operated in self-excitation mode with an
additional capacitor bank in the stator terminal. The three-
phase induction machine starts to operate in the generation
mode with the fixed frequency of the utility AC power source,
when the rotor speed is above synchronous speed. The range
of the shaft rotor speed is limited by slip of the induction
machine. For high slip range, copper winding losses also
increases as the current increase. The main disadvantage when

using the induction machine is that the capacitor bank for the
reactive power consumption.

When connected with grid the machine will get reactive
power from the grid. Since it is a stand-alone system excitation
capacitor must be connected in parallel with its stator terminal
and driven by prime mover as renewable wind energy. SEIG
determines its own terminal voltage generation and its
frequency output which depend on the excitation capacitance,
machine parameters, passive electrical load parameter con-
stants and speed of the prime mover.

SEIG is connected to boost inverter with capacitor bank and
diode bridge rectifier. Wind turbine is used as a prime mover
to give constant speed for the machine input. Thus the ma-
chine starts to rotate above constant speed that is synchronous
speed as generator. From the induction machine the AC pow-
er is generated by exciting the reactive power from the capaci-
tor bank. Variable AC power from the SEIG is rectified by
three-phase diode-bridge into fixed DC then this DC is used as
a source for boost inverter. Boost inverter simply produces the
AC output which is greater than the DC input. So the trans-
former is not a needed one.

4 RESULTS

A. PARAMETERS USED IN MATLAB/SIMULINK

The parameters used for single-phase inverter, three-phase
inverter and induction machine in MATLAB/Simulink model
are shown in the following.

TABLE 1. Parameters of Single-phase Boost Inverter
Inductor 150 (uH)
Capacitor 30 (uF)
Resistive output load 25(Q)
Switching Frequency 20 (kHz)
Supply Voltage 120 (V)
AC output frequency 50 (Hz)
TABLE 2. Parameters of Three-phase Boost Inverter
Vdc 100 (V)
Inverter capacitance, inductance 1 (mH), 40 (uF)
Switching frequency 3 (kHz)
VAOref 200+100 sin(314t) (V)
AC load 5 (Q) per phase
TABLE 3. Induction Machine Parameters
Nominal Power 3.7 (kW)
Line-Line Voltage 230 (Vrms)
Frequency 50 (Hz)

Stator resistance and Inductance Rs=1.3(Q),L1s=0.00827 (H)

Rotor resistance and Inductance Rr=1.75(0Q),L1r=0.00827(H)

Pole Pairs P=2

Excitation Capacitance C=300e-6 (F)
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B. Simulation Results

The results for MATLAB/Simulink model of the proposed
system is shown in the following
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Fig.5 Simulink model Single-phase inverter
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Fig.6 Simulated Output voltage waveform of Single-phase
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Fig.7 Simulated Output Capacitor
Single-phase Inverter
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Fig.8 Simulink model Three-phase inverter

Fig.9 Simulated Output voltage waveform of Three-
inverter
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Fig.10 Simulink model of SEIG
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Fig.11 Simulated Output voltage waveform of SEIG
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Fig.12 Simulink model of Single-phase inverter with SEIG

Fig.13 Simulated Output waveform of Single-phase inverter
connected with SEIG
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Fig.14 Simulink model of Three-phase inverter with SEIG

Fig.15 Simulated Output waveform of Three-phase inverter
with SEIG

5 CONCLUSION

This paper deals with the single-phase and three-phase boost
inverter operated by wind driven SEIG suitable for supplying
power to the stand-alone application. The output AC power
produced is greater than the input DC voltage. It produces
sinusoidal AC supply by changing the instantaneous duty
cycle. Simulation results show that the proposed boost
inverter control strategy is accurate, robust and highly insensi-
tive to input voltage and output load variation.
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