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ABSTRACT

In this paper cascaded H-bridge
multilevel inverter operation is explained. Here
maximum power is extracted from a wind energy
conversion system using permanent magnet
synchronous generator along with cascaded H
bridge multi-level inverter. The copper losses in
the rotor are eliminated and higher efficiency is
obtained by using permanent magnet synchronous
generator. A five level cascaded H-bridge
multilevel inverter circuit along with PMSG based
WECS is simulated using MATLAB.

Keywords- Permanent-magnet synchronous
generator (PMSG), wind energy conversion system
(WECS), Multilevel inverter.

l. INTRODUCTION

The design of a wind turbine system is to be
done complicated task due to the parameters involved
and the often conflicting requirements, such as the
low cost, ruggedness, good output power quality and
dynamic characteristics[2]-[4].

To get variable speed operation, a power electronics
converter interface is used to connect the generator to
the grid, which is shown in fig.1.To overcome the
limitations linked to maximum voltage a blocking
capability of existing power semiconductor devices,
several new techniques and topologies have been
developed, such as diode-clamped inverter, Flying
capacitor inverter, and cascaded H-bridge inverter . A
number of modulation techniques are used in
multilevel inverters[11]. They can generally be
classified into three categories:

Multi-step, staircase of fundamental frequency
switching;

Space Vector PWM (SVPWM);

Multi-carrier PWM.

This paper focuses on space vector PWM
techniques which have been extended for use in
cascaded H-bridge multi-level inverter topologies. By
using SVPWM method for cascaded H bridge multi-
level inverter[9], output voltage signal can be
optimized with respect to a switching utilization and
different phase relationships: A three-phase five-level
cascaded H-bridge inverter is shown in Fig.2

Previously, only one source was used,
without the use of transformers. It interfaced a single

DC source with a cascade multilevel inverter, where
the other DC sources are capacitors [4].

Il.  Modeling of the system
1.1Aerodynamic part
The time-average mechanical input power
Pm at the
Pm=(1/2) pAV? Cp (M)
Where,
p = 1.25 Kg/m? denotes Air density,
A = TR? is the area of the rotor,
Vy is the wind velocity,
Cp () is the aerodynamic power coefficient,
A=R wy, Vy
The rotor aerodynamic torque harmonics due to the
tower shadow and wind shear effects must be taken
into account in the simulation, since they affect the
output power quality. These are modeled as
variations of the wind speed acting at the
aerodynamic center of each blade from the ground
,as a function of its angular position 6i , is
hi=Hp+CcRsin(6i),i=1...3
where, H nub is the hub height.

1. Wind Turbine Model
2.1 Generator Model
The voltage equations of a permanent
magnet synchronous generator in the dq reference
frame are given by

Vs = - Rsiqs + wnPgs + qpas (2.1)

Vds =- Rsids - (l)ml/)qs + 2 (22)
Where v is the voltage, i the current, y the
flux linkage, R the resistance, wy, the angular velocity
of turbine rotor. The subscripts "d' and “q' stand for
direct and quadrature components, respectively (see
_Q. 2.1), the subscript "s' for stator. The quantities are
given in per unit (p.u.). The correlation between
physical values and per unit can be found .
GENERATOR WINDINGS CURRENT
la = [ld*sin(wt) + Ig*cos(wt)]

Ib = [ld*sin(wt-2 173) + Ig*cos(wt-2 T73)]

Ic = [Id*sin(wt+2 193) + Ig*cos(wt+2 173)]
Where Lgm, Lam are the mutual inductances in g and d
axes, respectively, and Ly is the stator leakage
inductance. The torque in the air gap T, is given by
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Tag: 1pds iqs' lpqs ids: Wr iqs+ (I—dm - Lqm) iqs ids
(2.3)

IV.  PERMANENT MAGNET
SYNCHRONOUS GENERATOR

A permanent magnet synchronous generator
(PMSQG) is a generator that uses permanent magnets
to produce the air gap magnetic field rather than
using electromagnets [3]. A conventional megawatt-
scale wind power plant consists of a low-speed wind
turbine rotor, gearbox and high-speed (1000-1500
rpm) electric generator. The rotor of a typical wind
turbine rotates at the speed of 15-100 rpm (150-500
rpm for small-scale wind turbines.

The wuse of a gearbox causes many
technological problems in a wind power plant. These
problems may be avoided using an alternative — a
direct-drive low-speed PM synchronous generator[4].
The power from the rotation of the wind turbine rotor
is transferred to the generator through the drive train:
hub with blades, the main shaft, and the generator.
The drive train of the wind turbine can be modeled as
the so-called two-mass model without gearbox.

3.1 PMSG Model

l/)qS = (Lqm+ I—cs) iqs
(3.1)

Ygs = (Ldm+ Los)ids+ Uk
(3.2

Where f is the flux produced by the

permanent magnets. By substituting flux linkages eq.
2.2 in f eq. 2.1 the voltage- current relationship can
be obtained

Ugs = - Rlgs + wm(Ldm + Los)ids + wm yf
(3.3)

Ugs = - Rgigs - wom(Lgm + Los) igs
(3.4)

The dynamic model of PMSG has been built in the
d-q rotating reference frame. The electrical model of
the PMSG in the d-g synchronous reference frame[2],
with the voltage and torque equations are given

dig 1 ((—Rsiq + we((Lds + Lls)id + Pf) +

dat Lgs+Lls

vg) 3.5)
did 1 . .
o T Lioris ((—Rsid + we(Lgs + Lls)iq + vd))
(3.6)
Where vgand v, are voltages in the d-qg axis,
id and iq are the current in the d-q axis, Rs is the
stator resistance, Ly and L, are the d-q axis
inductance, wy is electrical rotational speed, K. is
permanent magnetic flux given by the magnets and
finally p is the number of pole pairs[1]. The Fig. 2.3
shows the equivalent electric circuit of PMSG in d-g-
rotating reference frame
The generator rotor is equipped with surface mounted
permanent magnets and no damping windings.

V. SPACE VECTOR MODULATION

Space vector modulation techniques have
been increasingly used in last decade, because they
allow reducing commutation losses [10]. The
underlying theory behind space vector modulation is
to apply space vectors as illustrated in Fig. 4.1 for
varying time periods in a pattern based on the SVM
algorithm. Only one switch may be closed per phase
leg in order to prevent a short circuit.

The Phase-Shifted (PS) scheme shifts four carrier
signals by 90° in order to provide a five-level PWM
pattern in each phase.

VI.  WORKING PRINCIPLE OF
CASCADED H BRIDGE INVERTER

Fig. 2 shows the multilevel -cascaded H-
Bridge configuration. The output of this cell will
have three levels namely +V, 0 and -V. The switch
position and the output voltage and the state of the H-
Bridge are given in table I. using one single H-
Bridge, a three level inverter can be realized [11].
Under fault conditions, faulty cells can be bypassed
and still the inverter will function with reduced
output voltage levels. Since the cells are identical,
faulty unit can be replaced quickly and downtime of
the inverter can be reduced; hence high reliability can
be achieved.

VII. Features of Cascaded H-Bridge Inverter

Higher voltage levels can be synthesized
using devices of low voltage rating. If V is the dc
voltage of each of the H- Bridge cell, then each
device will experience a off-state voltage of V volts
and a N-level cascaded H-Bridge can synthesize
peak-to-peak voltage of (N* V) volts . Phase voltage
of an N-level cascaded H-Bridge will have N levels;
hence wave shape will be improved and will result in
improved THD Improved wave shape can be
obtained even with fundamental frequency switching
and step modulation[12].

In multi-level inverters, the frequency
modulation index, mg, and the amplitude modulation
m,, are defined as

m, ==
g

A
TN -1A,

m

(7.1)
The first step in the converter analysis
involves definition of the load voltages in terms of
the inverter line-to-ground voltages, which may be
expressed as [14]

v, 1_‘ 2 -1 -1]v,. |

=_1 - ¥ — | |
1»& —3 l £ ]. .1»53 [ -
I -1 -1 2 jv_|

- (7.2)
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Under  proper  multi-level  converter
operation, the line-to-ground voltages may be directly
controlled to be some fraction of the dc link voltage.
In particular, the line-to-ground voltage for phase x is
given by eq.(7.3)

Sy — caalpr —
v = {H 1} ng = {]__ 1._ {'H' 1}
(7.3)

where n is the number of voltage levels that the
converter is capable of producing and s, is the
switching state determined by the modulator for
phase X .

VIIL Simulation Tools
Today with the growth in computational
power there is a wide selection of software titles
available for electrical simulations such as ACSL,
ESL, EASYS5, and PSCSP are for general systems.In
this paper MATLAB simulation is used.

111 Tables and figures
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Fig.1 Three phase structure of a Five-level Cascaded

multilevel inverter.

o

Figure 2.1: Salient-pole permanent magnet
synchronous machine in dq reference frame.
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Fig(2.3 )Equivalent circuit of PMSG in d-q
reference frame

IX. 9. SIMULATION CIRCUIT

Fig 9.1 Simulation circuit of PMSG with closed
loop
9.1 SIMULATION RESULTS

1.V Of Inverter

The above graph shows the waveform of
Va0 OF the inverter

2.V4, Vywaveforms

The above graph shows the voltage waveform which
is transformed into d,q axes
3.V, Vy, V. after Transformation

The above graph shows the voltage waveforms
which is again transformed from two axes to three
axes

4.PMSG OUTPUT
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The above graph shows the output voltages Va, Vb,
Vc of the PMSG

9.2 Simulation Output

Simulation for voltage across direct current(Vqe),
voltage across two terminal in inverter (Vg inverter)
and voltage across the load.

X. Conclusion

Modeling and simulation results of a PMSG
based variable speed wind energy system is analyzed
in this paper. The proposed system deals with
extracting maximum available power in the wind by
forcing the WTG to rotate Space Vector
Modulation, has been presented here. Five-level
cascaded H-bridge multi-level inverter has been
simulated and controlled with SVPWM. SVPWM
method proposed in this paper can be optimized or
balanced the switch utilization in cascaded H-bridge
multi-level Multilevel Inverter.
The advantages of this system with other solutions
proposed in literature may be resumed as follows:
1, Calculation is made easier ;
2, Great flexibility in implementation of zero
sequence injection PWM techniques in which duty
cycle expression is available;
3, Simple implementation on low  cost
microprocessors.
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