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ABSTRACT:

This paper describes the operational
analysis results of a grid integration of distributed
generation sources with an AC grid using multilevel
inverter. The multilevel inverter is a three-level
voltage source inverter (VSI), which is controlled by
means of a novel vector hysteresis current control
(V.H.C.C). The proposed V.H.C.C, which is based on
error square areas, controls the three-phase load AC
currents. The three load current errors are gatheg
into a single space vector quantity. In this cag
magnitude of the error vector is limite
boundary areas of a square shape. e
scheme is based on the detection of areas 3
sectors, in which the vector tip of the current erro
can be located. Then it app ppropriate
voltage vector among the vectors.
ontroller

INTRODUCTION:

The DG sources sist of PV cell, wind power
generator that behaves as coordinated entity. As most of
the DG unit are interfaced to the grid using power
electronics converter, they have opportunity to realize
enhance power generation to flexible digital control of
the power converter. This system is interconnected with
medium voltage AC grid via DC to AC multilevel inverter.
Multilevel inverter technologies are increasingly gaining
attention due to the advantages of utilization in medium
and high power applications, improving the quality of

ducing stress across the
monly used multilevel
verter, in which the

for multilevel inverter are
dulation and space vector

eir operation
strategies bas
choice to control the inverter currents for the closed
oop control system. The proposed control scheme

gfs three phase current into a single space vector
antity. In this case the magnitude of the error vector is
imited within boundary areas of a square shape.

ixed frequency. However the control
on current control appear as a good

WORK OBJECTIVE:

The main objective of this work is to contribute
to the topic of inverter modeling and controlled by
developing an accurate control technique of current
controlled space vector PWM and based on this model
contemplate the control issues. The scientific objective of
this research include the following.

1. Modeling and dynamic behavior of investigation of
multilevel inverter and current controlled SV-PWM
technique.

2. Simulation of the overall DG system integrated with
the grid using multilevel inverter.

SYSTEM DESCRIPTION:

As shows in fig.1 the proposed system consist of
DG’s such as wind power and photo-voltaic generation,
grid tied DC/AC multilevel inverter ,an interface and a
Hysteresis Current Controller (H.C.C.) based space vector
PWM technique.
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PCC THE PROPOSED VECTOR HYSTERESIS CURRENT
GRID TRANSMISSION | ’ CONTROL:
D 1. PRINCIPLE OF SPACE VECTOR PWM:
e Treats the sinusoidal voltage as a constant amplitude
vector rotating at constant frequency.

e This PWM technique approximates the reference voltage

NGl Vref by a combination of the 27 switching patterns (VO
o to V26).
Contant Sisvay 2. COORDINATE TRANSFORMATION (abc reference
YV | Teansformer frame to the stationary d-

o — A three- phase yglfige vetor is transformed into
e ‘ i ry d-q coordinate frame which
: _L’;t} tor sum of the three-phase

| o Malti Level g
' oo oL teveates CC-PWM) inverters
‘Sohrl"\ Svatem to
Figure 1.Grid Integration of the DG’s with ac Grid using i Itage source
multilevel inverter. i classification of
n bafound in, amongst which the
MULTILEVEL INVERTER: i idely used because of their
The most commonly used multilevel topology 4 i ici namic response. However,
the diode clamped inverter, in which the diode is u A nventional type of hysteresis
the clamping device to clamp the dc bus voltagg bntroller, iniidfycle oscillations, overshoot in

rrent error, ation of sub-harmonic components

achieve steps in the output voltage. The Pfine
diode clamping to DC-link voltages can be extendé
any number of voltage levels. Since the voltages acroS
the semiconductor switches are limj onduction of
the diodes connected to the vg

in the current agll random (non-optimum) switching are

very well known. Current-error space-vector-based

hysteresis controllers allow the current-error space
ectorgto move within a specified boundary. Hexagonal,
War and rectangular shapes of current-error space
stress on power devices. i i Ector boundary are reported in the literature.

inverter.
The diode clamped in
levels thrgffgh connection
capaci

T g | H
f (ortllr Rtin

|
o _Mgnal

cate _”{3 'fl} D_"{l}s'“ i =0 L St
v *—ﬂ{} *—“{_}L‘ *"B'_}LS Hation

Du VL‘ D,, v\' Dz\\' Vi
_' Sau -_| Siy _| Saw ; ;
v Figure 3. Current Controlled SVPWM technique

un

C==_Z-
_| S _' Sa _| Sew AREAS AND DETECTION OF SECTORS:
Y, i, Iy The basic idea of the proposed V.H.C.C is to keep
! ! the measured load currents within their hysteresis
N boundaries in real time. These currents are transformed
Figure 2. Diode clamped three phase, three-level into (a,B) coordinate frame. With the transformation of
inverter. the three hysteresis bands into this coordinate system,

they result in four hysteresis square areas.
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Figure 4.Error vector tip location in the four possible

o

area.

The reference current and the measured load
current can be both expressed using the space vector
representation as:
iref=laref+ibrer+icref iloag=la+ib+ic
By the same way, the error vector is defined by e =ies-
iload and can be expressed in (o,f) reference frame by the
following expression: e=e,+eg

The tip of the reference current vector iy is
located in the center of area Al. The tip of the measured
current vector I can be located in one of the four areas
(Al AIl AIIl and AIV), according to the three hysteresis
bands h1,h2 ,h3 and x >h3 , as it is illustrated in figure 4.
The choice of four areas is taken to use the four
categories of voltage vectors; zero, small, medium
large.

SELECTION OF THE APPROPRIATE ¥V
VECTOR:
Regardless to the three zero voltage vector

There are totally 24 minor sectors in the plane.
And the vertices of these sectors represent the voltage
vectors as shown in table 1. In three-phase three-level
inverter, when the rotating voltage vectors falls into one
certain sector, adjacent voltage vectors are selected to
synthesize the desired rotating voltage vector based on
the vector synthesis principle, resulting in three-phase
PWM waveforms.

(a) Large hexagon.

must be applied. Thi
certain that the action

(ZVV) (v0 ,v7 ,v14), the 24 active

(0-11)

(b) Medium hexagon.

(c) Small hexagon.

Switching state. Voltage vector
V7
Vg
Vo
V1o
Vi
Viz
S14 1-10 Vis
Sis -1-1-1 Vis
Sie 1-1-1 Vis
S17 11-1 Vie
Sis -11-1 Viz
S19 111 Vig
Sa20 -1-11 V1o
Sa1 1-11 V2o
S22 0-1-1 Va1
Sa23 00-1 \'
Saa -10-1 Va3
Sas -100 Vaa
Sa6 -1-10 Vas
S27 0-10 Ve

Figure 5.Three level voltage inverter vector in (a,3)
plane
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Figure 6. Simulation Model of Three Phase three level
diode clamp Inverter.
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Figure 8. Simulation Model of Hysteresis Control
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Figure 9. Simulation Model of overall system

CONCLUSION:

This paper has presented the simulation results
of a novel vector hysteresis current control based on
error square areas applied on three-level VSI. The
proposed control technique for the three-level VSI
gathers the three current errors into a single space
vector quantity avoiding by that the phase current
interactions in the three phase system. Moreover, the
application of the three zero voltage vectors reduces
considerably the switching frequency.
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