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Abstract — Under grid fault conditions the accuracy
of voltage support scheme is affected due to the zero
sequence voltage. An advanced voltage support
scheme in the converter units which is called zero
sequence compensated voltage support schemes
(ZCVS) used to regulate the voltage of grid. The
maximum power from the solar panel is generated
using maximum power point tracking (MPPT)
controller. Controller converts the duty cycle of the
DC DC converter .An inverter is connected at the
output of the converter. Inverter is controlled by using
the PI-ANT colony.ANT colony helps in assisting the
controller and also helps the power injection with
greater accuracy. A prototype of the hardware is also
developed.

Keywords— Maximum Power Point Tracking,
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I. INTRODUCTION

Power converters are critical components for
interfacing distributed energy resources to power grids.
The safe and proper operation of the grid-connected
converters (GCCs) has thus been a substantial
challenge for network operators. This becomes more
challenging under various fault conditions. The blend
of rising distributed energy resources with large
applications of modern loads causes in a grid more
vulnerable to voltage sags, swells, and unbalanced
conditions. However, a GCC can be smartly controlled
for not only withstanding these distant faults, but also
rendering local ancillary services. Different control
strategies, which are mainly based on symmetric
sequences, were studied to ride through grid faults by
a GCC .References studied two control techniques for
the static synchronous compensators (STATCOMs) to
regulate the positive and negative sequences of the
point of common coupling (PCC) voltage, where the
active power delivery is considered zero. In the
existing literature, little work has been carried out on
the phase voltage regulation of a GCC under
unbalanced conditions. The methods presented in have
three drawbacks. First, they do not consider the zero-
sequence voltage component whereas it exists in most
unbalanced faults. Their accuracy is thus severely
affected by the zero sequence component of the PCC

voltage. Second, these methods have been only
applied in inductive grids, i.e. assuming very high X/R
ratio. Third, all of the existing strategies are
formulated assuming zero active power delivery. Solar
energy is gaining popularity in the field of electricity
generation. The advantages of solar power such as no
air pollution, no fuel costs, noiseless and low
maintenance have boosted the demand on this type of
energy. However, the high expense in acquiring the
Photo Voltaic (PV) module has slowed down the
adoption of PV system in electricity generation.
Maximum power point tracking (MPPT) controller is
introduced to ensure the DG system always provides
high efficiency despite the variation in active power
injection and the load.

II. PROPOSED SYSTEM
The basic requirement in the voltage support is to

avoid the over-voltage and under-voltage at the PCC
whenever possible. If the rated power of the GCC and
the connecting line impedance are not small, the three-
phase voltages can be regulated at the pre-set safety
limits, that is Vset

min and  Vset
max .In the proposed

scheme was only applied to the STATCOM
application where the reference current only consists
of the reactive components. However, the effect of the
active power in regulating the voltage should not be
ignored at the distribution level since:(1) the resistance
of the lines in the distribution system is not negligible;
and, (2) DGs inherently generate and inject the active
power to the system.

The positive and negative sequences of the reactive
current component were obtained for regulating the
phase voltages in an inductive grid. In this section,
two complementary strategies are proposed to be
applied to the active components of the current. The
first strategy, that is LAPO, aims to limit the
oscillations on the active power which is critical to
improve the dc-bus voltage stabilization. Furthermore,
the second strategy, i.e. MAPD, intends to deliver the
maximum active power with respect to the rating
current while simultaneously supporting the voltage
with ZCVS. These strategies can be also obtained for
the resistive grids and grids with any X/R value if the
active and reactive components are replaced are
satisfied.
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A. ZCVS with LAPO Strategy
In severe unbalanced conditions, the required
negative reactive component of the current
obtained by ZCVS may become high. Negative
sequence current and voltage components give rise
to large oscillations in the active power. Therefore,
the LAPO strategy is proposed to obtain the a limit
for the negative reactive current component which
does not cause exceeding the pre-set maximum
allowable active power oscillation Pset

max
Considering the symmetric-sequence-based
instantaneous power theory, the output active and
reactive powers of the GCC as calculated as
follows:

Using the corresponding equivalents of the
positive/negative voltage and current vectors from
above gives the magnitude of the oscillations on
the active power as

The equation of the maximum negative reactive
current will be obtained which limits the
oscillation magnitude of the active power to
P`set

max:

This analytical expression limits the active power
oscillations and enhances the dc-bus voltage
stabilization. Fig 1 shows the control diagram of
the ZCVS scheme with LAPO strategy. LAPO
may slightly affect the operation of the ZCVS.
However, the GCC operator can flexibly
compromise between the full ZCVS and the
limited active power oscillation (LAPO) capability,
by using these analytical expressions.

Fig.1 Proposed control diagram to limit the active power
oscillations

B. ZCVS with MAPD Strategy
Applying the MAPD technique ensures i) delivering
the maximum allowable active power to the grid and
ii) simultaneously respecting the current limitations
while iii) riding through abnormal conditions, and
simultaneously iv) regulating the phase voltages.
Therefore, this section finds the equation of I p,
MAPD. To achieve the a for mentioned goals. I p,
MAPD is the term determining the maximum
allowable value for I p to provide the maximum
allowable active power injection such that none of the
phase currents passes Iset

max . .This strategy, Iq- and Iq+
are already obtained by the proposed voltage support.
The value of I p is also set to zero to allocate all the
available current capacity to I p+. Then the equation
can be rewritten as

The α β currents are transformed into the abc currents,
and the magnitude of the phase currents will be
obtained as
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Where

Then, the phase current magnitudes under the fault can
be found by

Where

Using the above equations, three values are
respectively obtained for IP

+ (IP.
+

a .IP
+.a.. and IP

+
.C )

In three cases ,that is Ia =Iset
max. I b=I max

set. . and
Ic=Imax

set:

Figure 2 shows the control diagram of the ZCVS
scheme with MAPD strategy.

Fig.2 Proposed control diagram to maximize the active
power delivery

III RESULT & CONCLUSIONS

The proposed ZCVS scheme with LAPO and MAPD
strategies, three test cases are studied. The circuit
topology of a grid-connected 1.0 MVA, 690 V, 60 Hz
converter-interfaced DG unit. The operation of a GCC
under the unbalanced ac-side condition is usually
studied by assuming a constant dc voltage source in
the dc-side for simplicity. This system contains a
voltage-source converter connected to an ac grid via
impedances and a transformer. The switching
frequency is 10 kHz. Using this transformer, the
converter operating voltage is reduced to safely
emulate the grid faults and disturbances. Steady-state
over-voltage up to 1.32 pu (on phase C between t=1.8s
and 3.4s) and under-voltage down to 0.68 pu (on
phase A between t=1.8s and 4.7s) occur. It is due to
neglecting the zero. sequence voltage in the traditional
VSS. However, the proposed ZCVS method
demonstrates successful performance and accurate
phase voltage regulation. The proposed ZCVS method
addresses these three problems. Moreover, two
complementary objectives, related to the active power
delivery, are also augmented in the proposed scheme.
First, the limited active power oscillation is proposed
under severe unbalanced faults to analytically obtain a
limit for the injected negative reactive current. This
feature provides an adjustable limited active power
oscillation, and improved dc voltage while supporting
the ac-side voltage. Second, the expressions of the
maximum active power delivery are proposed to
exploit the maximum allowable active power of a
distributed energy resource even under severe
unbalances and while still regulating the phase
voltages. The proposed voltage support scheme and
two complementary strategies bring significant
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advantages to emerging distributed generation units.
The successful results of the proposed schemes are
verified using simulation.
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