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Abstract

This paper presents a grid connected photo-voltaic system using a quasi-Z-source inverter (QZSI) for power stage reduction.
The power stage can be reduced because of an additional shoot-through stage which is a characteristic of QZSI. Therefore, by
utilizing a QZSI the system’s efficiency can be increased. In this paper, for applying a QZSI to a PV system, control methods such
as maximum power point tracking (MPPT), point of common coupling (PCC) current control and PWM are studied and verified
through simulation and experiment. In order to explain the above controllers, the characteristics of a QZSI are first analyzed. Then
the MPPT control technique with a modified P&O method, the PCC current control for the regulation of the dc-link capacitor
voltage and the PWM methods for the proposed system are explained. The feasibility of the proposed algorithm is verified through

simulation and experiment with a 3kW system.
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I. INTRODUCTION

The use of renewable-energy generating systems has re-
cently increased dramatically due to the exhaustion of fossil
fuels and their impact on the environment. The unregulated
output power of renewable energy sources should be regulated
through inverters to satisfy the conditions for connection to the
grid. Generally, the power conditioning system (PCS) consists
of two power stages.

The cascaded arrangement of PCS increases not only the
complexity of the power circuit and controller but also the
cost and space requirements. Moreover, the increased number
of power switches results in lower efficiency. As a result, many
papers have dealt with topologies for high efficiency converters
[1] or the new MPPT control techniques [2] for improving
efficiency.

A Z-source inverter (ZSI) has been proposed to overcome
the disadvantages of the conventional scheme with a unique
impedance network [3]. A ZSI can buck or boost the input
voltage using the shoot-through state and the modulation
index in a single stage. Since no dead time is needed, the
output voltage is free from voltage distortion. Due to these
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advantages, the ZSI has been applied to single stage conversion
applications, such as PV systems [4], [5], fuel cell systems [6]
and ac motor drive systems [7].

The quasi-Z-source inverter (QZSI) is similar to the ZSI pre-
sented above, but has several advantages including, in various
combinations; lower component ratings, reduced source stress,
reduced component count and simplified control strategies [8].

In this paper, the PCS for a PV system using a QZSI is
presented. Also a new MPPT algorithm, a PCC current control
and a PWM method for the proposed PCS are suggested.
Finally, the feasibility of the proposed algorithm is verified
through simulation and experimental results with a 3kW
prototype system.

II. QUASI-Z-SOURCE INVERTER

The operation of a QZSI can be broken down into two
states; the active state and the shoot through state.

When the inverter is in the shoot-through state for an
interval T, during a switching cycle 7', the following voltage
equations can be described from Fig. 1 as:

VC2 + ‘/in = ULy, Vout = O (1)

When the inverter is in the active state for the interval 717,
during the switching cycle T, the voltage equations are as
follows:

VCl =VLy,

ULl = V01 - {}out = _VC2

VL, = ‘/zn - Vcl = ‘/zn - @out + VCz) @out = Vcl + VCQ (2)
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Fig. 1. Configuration of QZSI.
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Fig. 2. Boosted voltages by shoot-through time.

During this period, the inverter is operated in the same
manner as a standard voltage source inverter (VSI).

The average voltage of the inductor vy, during one switch-
ing period 7', should be zero in the steady state.

_ To - Ve, + T - (—VC2)

VL1 = VL, T
_ TO : V01 +T1 : (V02 - @out) -0
= T =
o
To Ve, =T1 - Ve,, Vo, = T " Dout 3)

Also, the average voltage of the inductor, vy, over one
switching period 7" should be zero in the steady state.
From (1), (2) and (3), we also have:

TO : (VCQ + ‘/;n) + Tl : (V;n - VC1)

Vi, =01, =

T
_ TO . (V02 + Vm) +T1 . (‘/m - 'E)out + VCQ) -0
T
R T
Vout = ﬁ ' V;J'ru Vm = VCl - VC2 (4)

Similarly, the average dc-link voltage across the inverter
bridge can be found as follows:

T()'O—I—Tl-(VCl _ULl)

Vout = Vout=

T
T - ‘
_n (VC%'F Ve,) — Ve, )
And, from (3), (4) and (5), we have:
T
V:)ut - VC1 - ﬁ . ‘/zn (6)

Therefore the input voltage of a QZSI is well defined and
can be boosted by using the shoot-through ratio. Fig. 2 shows
the relationship between the QZSI output voltage and the
shoot-through ratio.
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Fig. 3. Control block diagram of a PV-system using QZSI.
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Fig. 4. Reduced input voltage of a PV-array by the shoot-through time of
QZSI.

During the shoot-through state, in the case of a ZSI, the
input current is zero due to a blocking diode. Because of this,
the output current of the PV array should be continuous for
the MPPT control or the life of the PV array. However in the
case of a QZSI, the input current is continuous due to the
source which is located on the inductor side.

The output voltage of a ZSI and a QZSI are zero during the
shoot-through time interval. If the shoot-through time interval
is in the switching state, the output voltage is affected. Thus
the shoot-through time interval should be located within the
zero state so that it will not affect the output voltage. This
is mentioned below, in the section covering PWM signal
generation.

Fig. 3 shows a grid connected PV system using a QZSI.
In contrast with a traditional PV system, the PCS is a single
power stage and the number of power switches is reduced.
Generally, the inverter for a grid-connected PV system should
satisfy two controls, such as MPPT control and PCC current
control. Thus, the methods for these controls for the QZSI
topology should be developed.

III. CONTROL OF A GRID-CONNECTED PV SYSTEM
A. MPPT control

If the capacitor voltage Vi, of an impedance network is
controlled so that it is a constant value, the input voltage of a
QZSI decreases as the shoot through time interval increases.
This can be seen in equation (7) and in Fig. 4.

T — Ty

-V
T ‘1

)

Vpy =
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Fig. 5. MPPT control strategy: (a) Control block diagram, (b) simple boost

method for shoot-through.
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Fig. 6. Modified P&O method for the shoot-through reference.
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The input voltage of a QZSI is the output voltage of a
PV array. As a result, the operating point of a PV-array can
be controlled by adjusting the shoot-through time interval.
Therefore, if the capacitor voltage is controlled at a constant
value, MPPT control can be realized by the shoot-through time
interval.

Fig. 5 shows the method for shoot-through reference gen-
eration for MPPT control. The voltage and current of a PV-
array are used for MPPT control by the P&O method. In the
P&O method, the voltage reference becomes the shoot-through
reference signal V.

If V5 is lower than the carrier signal, then all the switches
in the three legs will be in the on position. Also if V5 is
higher than the carrier signal, then all the switches will be
in the on position. Therefore, the shoot through frequency
is twice that of the carrier frequency. As a result, if the
value of V3 decreases below that of V./2, then the shoot-
through time interval will be increased. As a result, the real
voltage decreases as the shoot through time interval increases
as mentioned in equation (7).

Fig. 6 shows the modified P&O method for MPPT control
of a PV system using a QZSL
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Fig. 7. Control block diagram for PCC current control.
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Fig. 9. PWM signal generating strategy.

B. PCC current control

In this paper, the PCC current is controlled by regulating
the capacitor voltage V(,. Using this control, the generated
power of a PV array is injected directly into the grid.

If the real voltage is higher than the reference voltage, the
error is reflected as a positive active power reference, as seen
in fig. 7. Then, by the relative equation (8) of a traditional
inverter, the current reference is increased. As a result, the
power can be injected directly into the grid as the generated
power of a PV array.

If the reactive power reference (Q* is zero, the output current
is in phase by the PLL(phase locked loop). Also K is the
coefficient of DQ conversion.

va P* +usQ* vg P* +v,Q"
e~ g = K. —
2 2 2 2
(’Ua —l—vﬁ) (va —l—vﬁ)

A block diagram of these controls is shown in fig. 8.

in =K

(e

®)

C. PWM scheme for QZSI

Fig. 9 showing that the control signal V3 should have a
limit value to guarantee traditional VSI action. Therefore the
maximum value of V} is V4. /2 and the minimum value is the
amplitude of the three phase reference voltage signals.
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Fig. 10. Output waveforms of the simulation.

IV. SIMULATION AND EXPERIMENT

The simulation of a 3 kW grid connected PV system using
a QZSI is carried out through a PSIM. A simple boost method
is used in this paper for the shoot-through. An LCL filter is
used to improve the output current THD of the inverter [9]. The
inductance of L at the inverter side is 2.5 mH, the capacitance
of filter capacitor is 5 uF and the inductance of L at the grid
side is 260 uH. Table 1 shows the conditions of the simulation.

Fig. 10(a) shows the reference signals for the generation of
the PWM signal. The V5 varies in order to track the MPP.
Therefore, the shoot-through time interval is determined by
the PV array characteristics. In this figure the characteristics
of the PV array are changed twice; at 0.4 s and at 0.7 s.

Fig. 10(b) shows that the operating point of the PV array is
tracking the MPP. In fig. 10(c), the capacitor voltage V¢, is
controlled in order to be constant. Fig. 10(d) shows that the
power of the PV array is injected directly into the grid as it

TABLE I
THE CONDITION FOR SIMULATION OF PCS USING THE QZSI
1 1T 1
Voe 425[V] 426.4[V] 380[V]
Isc 79[A] 9.75[A] 10[A]
PV array Vyvpp 355[V] 370[V] 300[V]
Ivpp 7.3[A] 8.85[A] 8[A]
Pypp 2.6[kW] 327[KW] | 24[kW]
Ly 1[mH]
Impedance Network Ci,2 1000[ .F]
v 400[V']
Vi 220[Vims]
Grid f 60[Hz]
Phase 3[P]
Switching frequency fs 10[kHz]

is generated. Fig. 10(e) shows the output voltage waveforms
of the inverter. 7; is the inverter side current and an 4,4 is the
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Fig. 11. Hardware for QZSI experiment
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Fig. 12. Experiment result of using the PV simulator.

grid side current. Fig. 10(f) is the current THD results from
fig. 10(e). These figures show that the output current THD of
the inverter is improved.

The experiment conditions are the same as the simulation
conditions. The switching frequency is 10 kHz and the grid
line to line voltage is 220 Vrms.

Fig. 11 shows the hardware for the experiment. This consists
of a single power stage (left of top), a LCL filter (right of top)
and a controller (bottom).

Fig. 12 shows the PV array characteristic of a simulator
and the result of the experiment. At first, the system is on
at the PV array open circuit condition. At “1,” the switching
starts without the shoot-through to enable the buildup of the
capacitor voltage V¢, to the control level. The shoot-through
for the MPPT control starts at “2”. It is well described that
the voltage, current and power of the PV array are controlled
to track the MPP of the PV array.

Fig. 13 shows the results of the LCL filter experiment of
the 3kW system. This figure uses the same notation as the
simulation. Therefore i; is the inverter side current and 4,4
is the grid side current. The THD of the output current is
improved.

by |

(b) The current THD results of the inverter
Results of the LCL filter experiment of the 3kW.

Fig. 13.

V. CONCLUSIONS

A power conversion circuit for a grid-connected PV system
using a QZSI was suggested and analyzed in this paper.
Because the PCS consists of a single stage with a QZS inverter,
the power circuit and the controller are simple and can achieve
a higher efficiency. Also, less space and cost are needed. A
modified P&O method is used for MPPT control. The output
of the MPPT controller is the reference signal for generating
a shoot through state. With this method, the operating point
can be easily tracked to a maximum power point. Since no
dead time is needed, the output voltage waveform is free from
low frequency distortion. Finally, the feasibility is successfully
verified through a simulation using a PSIM and an experiment.
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