IOSR Journal of Electrical and Electronics Engineering (IOSR-JEEE)
e-1SSN: 2278-1676 Volume 4, Issue 5 (Jan. - Feb. 2013), PP 58-64
www.iosrjournals.org

Design of mathematical model control of PV-grid interactive Z-
Source inverter modulation

Varun Avasthy® R Sridhar?,

PG Scholar, IEEE Member Department of Electrical and Electronics Engineering SRM University, Chennai
?Asst. Professor (Sr.G) Department of Electrical & Electronics Engineering SRM University, Chennai

Abstract: The paper introduces the modeling and control of z-source inverter, interfacing a Photovoltaic panel
with a grid system. The main objective, of the work is to analyze the behavior of z-source inverter over a
conventional inverter and boost converter arrangement. The approach is simulated as a MATLAB/SIMULINK
model and results are used to study the characteristics of the proposed model. A sinusoidal waveform is
produced at the inverter output, without any introduction of delay time between boost converter and inverter
circuit.
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. Introduction

Alternate energy sources such as solar, fuel cell, and wind have a wide voltage change range due to the
nature of the sources. Photovoltaic cell’s voltage varies with temperature and irradiation. Fuel cell stack voltage
drops greatly with current. And wind generator voltage varies with wind speed and control.[1-3] The traditional
voltage source inverter that has been the power conversion technology for these energy sources cannot cope
with this wide voltage change nature and often requires additional voltage boost by additional dc/dc converter.

The Z-source inverters can solve this problem. This single stage power conversion technology provides
a great alternative with lower cost, higher reliability, and higher efficiency. System configurations, features and
results are shown for advanced power conditioning of alternate energy systems.[2,3]

The output of PV array varies frequently, and with this change, the input to converter also changes.
This can lead to decrement in system stability. With a great amount of fluctuations occurring at dc side of
converter system, frequency and voltage stability on ac side decreases. Moreover, for constant supply to the grid
voltage and current level on the generation side should be above, grid voltage and current.[7-9] In order to
achieve an efficient inversion process from PV array to the grid, a ZSI is usually employed. The main advantage
of placing a ZSlI is to obtain a single stage conversion of input voltage from one level to another. A ZSI boost up
the input dc voltage to the required output, as well as perform ac/dc conversion.

Il.  Modeling Of Pv Array

A Photovoltaic cell is a semiconducting device, usually form by the wafers of silicon. It can also
represented by a diode with its p-n junction exposed to sunlight. When the light photon, strike the PV cell
electron in the valence band is ejected to cross the band gap, resulting in production of current in the cell.
Generally several PV cells are connected in series and parallel, according to current or voltage requirements. PV
cells are connected in parallel to increase the rated current and in series to increase the rated voltage. The,
arrangement of PV cells in series or parallel is called a PV array[1].
A PV array is represented as a current source, in the model circuit shown as
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Fig.1 Model of PV array
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The circuit shown in Fig 1 is general representation of PV array with rated voltage V. For modeling a
PV array with Ns cells connected in series and Np cells connected in parallel, 1-V characteristic equation is
written

v fop ()

Rs and Rp are the series and parallel resistances in PV cells. As the PV array voltage and current depend on the
irradiation of temperature received by the PV array, therefore PV current equation is given by

G
Ipy =(IPV’n+K,AT)— )

Gn
Here, current irradiation at rated temperature G and nominal temperature(T,) G, is introduced to find the PV
array maximum power environmental condition.

The diode saturation current 10 and its dependence on the temperature may be expressed by as shown:
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where Eg is the bandgap energy of the semiconductor (Eg = 1.12 eV for the polycrystalline Si at 25 -C [23],
[42]), and 10,n is the nominal saturation current:
|
IO ] — sc,n (4)
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I11.  Z-Source Inverter Modeling
The [2] Z-Source inverter topology was introduced in 2002, to took over the limitations of conventional
inverters. The conventional inverters require dead time to avoid arm short and snubber circuits to suppress the
switching spikes.

A ZSI consists of a impedance network connected in series to a three leg inverter topology. The
impedance network consists of two capacitors and two inductors connected in Z-shape. With the unique
impedance network of inductors and capacitors, the Z-source inverter utilizes the shoot through states by gating
on both the upper and lower switches in the same phase legs, to boost the dc voltage without DC/DC
converter[4,5].
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Fig.2 Z-source inverter basic circuit

A. Shoot —through state of ZSlI

In the shoot through state of z-source inverter, two switches from the same leg is turned on, since this
type of operation is not allowed in the conventional inverter,[3] therefore switch S is turned on. For both shoot
through and non shoot through modes of operation following assumptions are taken:
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Fig 3. DC Equivalent circuit of Z-source inverter

Li=L,=L
C,=C,=C
FL=re=re
fc1=rco=Ic
the state averaging equation for shoot through mode can be written in matrix form as follows:
L% ~(re4r) 0 10 _Iu
i | o0 ~(re+r) 0 1]| ' 5)
dt 0 -1 0 0f|Ver
dve,
it -1 0 0 0f|Ve,
v,
dt

B. Non Shoot-through state of ZSI

In non shoot through state, the inverter bridge circuit works as a resistive load. The switch S is open in
this state, and the input diode is forward biased, allowing active or null states of the ZSI. Also, in this state the
external power source charges the z-source capacitors, though the inductors. The state averaging equations for
non shoot through operation of ZSI is represented as:

L% ~(retr) 010 .Iu
di, |- 0 —(re+r) 0 1 Iz N
dt 0 -1 0 0||Va
dvg,
el 0 0 0|V
v,
dt |
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C. Inverter Bridge Modeling
The inverter bridge of the z-source inverter,[4,5] consists of six IGBT switches, with two switches in
each leg. Each leg connected to each phase of the grid.
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Fig.4 Equivalent circuit for Inverter-Grid interactive network
Applying, Kirchhoff’s law at the AC line terminals of the bridge circuit. Assuming the absence of zero sequence
component in the network, equation for voltage at the connection point can be given as:

di )
e, =L, d_'lt<+ R.iy + Vi + Vi ©)

(k =1,2,3)

Since, ac voltages are considered to be balanced

1 3
Vun = __ZVmM 8
3
For the mathematical modeling of inverter circuit following assumptions are taken in the system:

1. Switches are considered ideal, having no switching losses.

2. Three phase power source is considered to be symmetrical and positive sequence.

3. AC line inductors are linear without any saturation with Lci=Lco=Lca=Lc, and equivalent resistances
Rci=Rc2=Rc2=Re.

4. DC bus voltage is considered constant over whole non shoot through process.

By defining the switching function s, of k™ leg of
inverter as:

sy = 1, if upper device is ON and lower is OFF 0, if upper device is OFF and lower is ON

the expression in (3) can be rewritten as

d, R. 1 13 &
— == =[S, == ) S, Ny +— 9
dt L Lc(k 3;”“]“ L, ©

C

sk (k=1,2,3), is estimated in discrete form, for the switching frequency of the inverter greater than the
modulation frequency approximately as follows:

.~ mcogat)+1
|~ MO+

2 (10)
.~ mcogawt —277/3)+1
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2 (12)

. mcos(at + 27 /3)+1
3 2 (12)

IV. Operation And Control Z-Source Inverter
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With [6] respect to the capacitor voltages Ve, Ve, and inductor currents i g, i, in the shoot through
T
state, the duty ratio is represented by D = ?" where T, is the turn ON time, for the switch S. The duty ratio for
non shoot through state is given by 1-D-M, where M is modulation index, which is defined as
M = (peak of reference voltage waveform / peak

carrier (triangular) wave)

Another parameter to define the output and input voltage relationship is the boost factor, given by

B= # (13)
120
T
Also the modulation index is given by
To 1-M (14)
T
Therefore (13) will become
- (15)
2M -1

The control parameters as defined in (13),(14) and (15), is promontory to the control of z-source inverter.
Hence, forth result in the pulse width modulation of the ZSl, which result in modeled switching function as in
(10),(11) and (12).

The PWM [7] control technique used in ZSI control is Sinusoidal PWM. As, in SPWM lower or upper three
switches are turned on, whenever the applied triangular(carrier) waveform becomes greater than the maximum
value or lower than the minimum value of the three reference waves.
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Fig.5 Six pulse inverter control scheme

In SPWM technique zero states forming during modulation is utilized for shoot through. During shoot through
in zero state the shoot through ratio is kept constant, and the input voltage is applied across
switches of the inverter bridge circuit.

The[8,9] strategy of one step conversion in ZSI, with low ripple and THD, is carried out by operating
six switch circuit in four switch bridge operation and remaining two switches are used as a neutral point for two
phase circuit. Consider for three phase “a”, ”b” and “c” connected to three legs of the bridge circuit, two
switches corresponding to same leg is open together, which is not allowed in conventional inverter. For phase
“a” leg switches to be open at once, phases “b” and “c” performs the shoot through process for the positive and
negative cycles of reference wave, where phase “a” switches is operated without shoot through with 50% duty
cycle.
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V.  Simulation And Results

The discussed control techniques in this paper is applied to PV-grid interactive system. The PV array 5
cells connected in series to produce a PV voltage of 160 V is considered as a dc source to the ZSI. The Z-
impedance network is framed with following parameters: L=2.7mH and C=340uF. The load is considered to
250V, 50 Hz grid line supplying a linear load of Lp,q=1.1mH, Cjaq=2UF and R,,,g=30hm. The shoot through
state of ZSI is represented as sudden rise in the three phase load current as shown in Fig.6. Ripples in the grid
power is produced due to the change in the inductor current, during transients of non shoot through and shoot
through.[10-12] These transients are also reflected as the dip in the capacitor voltage, before the shoot through
state. Ripples in the power curve is reduced with the increasing modulation index M as shown in Fig. 7 and 10.

g Shoot therough -

Fig. 7 Grid Power ripples at M=0.755 due to inductor current

Fig. 8 Dip in the capacitor voltage before gaining rated value

Fig. 9 Transients in the inductor current resulting from shoot through

Fig. 10 Grid Power at M=1 (reduction in the ripples with increasing modulation index)
The magnitude of the output power is also improved with increasing modulation index.

VI  Conclusion
The approach presented in the paper, is reflected in the model of the Z source inverter. The
mathematical model is simulated in the MATLAB/SIMULINK software to study the characteristics of different
parameters considered in the model. As the switching function plays a significant role in controlling the inverter
output and hence, the grid current and power. Thus, modulation index of the inverter is controlled to suppress

www.iosrjournals.org 63 | Page



Design of mathematical model control of PV-grid interactive Z-Source inverter modulation

the ripples in the grid power waveform. The output power, as obtained is also changes due to change in the
switching function of the inverter switches.
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