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ABSTRACT: This paper presents a control
the constant switching frequency, the operation
strategy of a flyback microinverter with hybrid
modes can be classified as the discontinuous
operation mode for photovoltaic ac modules. The
current mode (DCM) and continuous current mode
proposed control strategy consists of two
(CCM). The PV inverter called as the CCM flyback
components: the proportional-resonant (PR)
inverter has both operation modes; it inevitably
controller with the harmonic compensator (HC)
operates in DCM at the low instantaneous power
and the hybrid nominal duty ratio. Compared to the
level or low solar irradiation level, although it
conventional
control
strategy
using
the
operates in CCM at all instantaneous power levels
proportional-integral controller, the PR controller
for rated average power. Then, it can be regarded
with HC provides a higher system gain at the
that the flyback inverter has a hybrid operation
fundamental and harmonic frequencies of the grid
mode over the whole ac line period. Compared to a
without using a high proportional gain in both
flyback inverter only with DCM, the flyback
operation modes. Then, it enhances the tracking
inverter with hybrid mode has numerous merits
speed and disturbance rejection performances
such as higher efficiency with lower current stress,
satisfying the desired stability. Moreover, by
higher power capability, and easier filter design.
applying the hybrid nominal duty ratio yielded
However, the control input-to-output current
from the proposed operation mode selection, the
transfer function of the flyback inverter in the
disturbance rejection is achieved more effectively,
CCM region has a right-halfplane (RHP) zero
and the control burden is reduced. Finally, the
which results in the limitations of increasing the
simulation and experimental results were shown to
system gain and controller bandwidth. Since the
verify the tracking speed and disturbance rejection
operating point varies widely in the PV inverter
performances of the proposed control strategy.
applications, in particular, the controller should
Index
Terms—Current
control
scheme,
cover the minimum RHP zero. When a
photovoltaic (PV) module, right-half-plane (RHP)
conventional proportional-integral (PI) controller is
zero, single-stage inverter.
applied to the flyback inverter with hybrid mode,
the proportional gain is designed to be relatively
1.INTRODUCTION
With an increase of attention in
low for ensuring stability in all operating
renewable-energy sources, the photovoltaic (PV)
points.The system gain of the flyback inverter in
energy has been widely utilized in various
the DCM region is inherently much low. To
industrial fields. The PV power systems can be
achieve fast reference tracking and disturbance
classified into centralized, string, and ac module
rejection performances, the high-gain feedback
systems. Among them, in the ac module system, a
controller is required in the DCM operation.
low-power grid connected inverter called as the
However, when the conventional PI controller is
microinverter is mounted on a single PV module; it
applied, the control gain is limited by the RHP zero
can track the individual maximum power point, and
in CCM. As a result, it causes unacceptable power
so, it reduces power losses by PV module
quality and high total harmonic distortion (THD)
mismatch and partial shading. Moreover, the ac
by the poor control performance in DCM. This is
module system has higher reliability and easier
the reason why the use of the flyback inverter with
maintenance than those of the other PV systems.
hybrid mode is limited despite its many
With these advantages, the ac module PV system
advantages. To avoid the aforementioned problem,
has been recently considered as a trend of the
some previous studies in and control the primary
future PV power systems. The worth of the
current instead of controlling the output current
microinverter is evaluated by its power conversion
because there is no RHP zero in the transfer
efficiency, shape of the output current, power
function for the control input to the primary
density, reliability, and cost. To meet these
current. The control approach bypasses the
requirements, a single-stage flyback inverter
difficulties posed by the RHP zero. However, the
topology has been adopted due to its simple circuit
power quality is low because this approach controls
structure and potential for high efficiency and
the output current indirectly. The proportionalreliability. Moreover, the flyback inverter topology
resonant (PR) controller is an alternative of the PI
has both step-down and step-up functions; this
controller. It provides an infinite gain at a selected
characteristic is suitable for the PV applications
resonant frequency without using high proportional
where the inverter should operate in a wide voltage
gain.
range. When the flyback inverter operates under
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Moreover, because the controller has
flexibility of selecting the resonant frequency,
adding multiple PR controllers such as the
harmonic compensator (HC) is possible for
compensating the harmonics of the selected
fundamental frequency. In this paper, the current
control strategy of the flyback microinverter with
hybrid mode is proposed. The proposed control
strategy consists of two components: the PR
controller with HC and the hybrid nominal duty
ratio. The PR controller with HC provides a high
gain at the fundamental and harmonic frequencies
of the grid and achieves the zero tracking error in
both operation modes. The hybrid nominal duty
ratio performs as a feedforward control input and is
determined by the proposed operation mode
selection. By applying the hybrid nominal duty
ratio according to the proper operation region, it
can achieve more effective disturbance rejection
and faster dynamics. Thus, the proposed control
strategy gives a higher tracking performance and a
better disturbance rejection in both operation
modes and strengthens the many advantages of the
flyback inverter with hybrid mode.

Fig 1: Circuit diagram of the flyback
microinverter.
II.PHOTOVOLTAIC INVERTER
The basic block diagram of grid connected
PV power generation system is shown in Fig. 2.
The PV power generation system consists of
following major blocks:
1. PV unit
2. Inverter
3. Grid
4. MPPT

1.

Fig.2 Schematic diagram of PV system
PV unit
: A PV unit consists of number of
PV cells that converts the energy of light
directly into electricity (DC)
using photovoltaic effect.
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2.
3.

Inverter
: Inverter is used to convert DC
output of PV unit to AC power.
Grid
: The output power of inverter is
given to the nearby electrical grid for the
power generation.

4.

MPPT
: In order to utilize the maximum
power produced by the PV modules, the
power conversion equipment has to be
equipped with a maximum power point tracker
(MPPT). It is a device which tracks the voltage
at where the maximum power is utilized at all
times.
For the design of PV generation system, the
specifications of considered PV system are shown
2.1 MPPT (Maximum Power Point Tracking)
Maximum power point tracking (MPPT)
is a technique to maximize the energy obtained
over all normal operating conditions. The use of
MPPT can reduce the cost of energy by making the
system more efficient. The problem raised by
MPPT methods is to automatically find the voltage
or current (Vmp, Imp) in which a PV array works
on its maximum power point under a certain
irradiance and temperature. There are many
techniques to realize the MPPT. However, most
techniques respond to both irradiance and
temperature variations but some responds to
constant temperature..
Perturb and Observe algorithm
At present, the most popular MPPT method in the
PV systems is perturb and observe. In this method,
a small perturbation is injected to the system and if
the output power increases, a perturbation with the
same direction will be injected to the system and if
the output power decreases, the next injected
perturbation will be in the opposite direction.
The Perturb and observe algorithm operates by
periodically perturbing (i.e. incrementing or
decrementing) the array terminal voltage and
comparing the PV output power with that of the
previous perturbation cycle.
If the PV array operating voltage changes
and power increases, the control system moves the
PV array operating point in that direction,
otherwise the operating point is moved in the
opposite direction.
In the next perturbation cycle, the
algorithm continues in the same way. The logic of
algorithm is shown in Fig.3.2. A common problem
in perturb and observe algorithm is that the array
terminal voltage is perturbed every MPPT cycle,
therefore when the maximum power point is
reached, the output power oscillates around the
maximum power point resulting in power loss in
the PV system.
III.DC-DC CONVERTER
A DC-to-DC converter is a device that
accepts a DC input voltage and produces a DC
output voltage. Typically the output produced is at
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a different voltage level than the input. In addition,
DC-to-DC converters are used to provide noise
isolation, power bus regulation, etc. This is a
summary of some of the popular DC-to-DC
converter topologies.
3.1 BUCK CONVERTER STEP-DOWN
CONVERTER
In this circuit the transistor turning ON
will put voltage Vin on one end of the inductor.
This voltage will tend to cause the inductor current
to rise. When the transistor is OFF, the current will
continue flowing through the inductor but now
flowing through the diode. We initially assume that
the current through the inductor does not reach
zero, thus the voltage at Vx will now be only the
voltage across the conducting diode during the full
OFF time. The average voltage at Vx will depend
on the average ON time of the transistor provided
the inductor current is continuous.

Fig.3 Buck Converter

and a perfect switch change. Thus during the ON
time Vx=Vin and in the OFF Vx=0. Thus
…. (3)
This simplifies to
… (4)
or

… (5)
and defining "duty ratio" as

…. (6)
The voltage relationship becomes Vo=D
Vin Since the circuit is lossless and the input and
output powers must match on the average Vo* Io =
Vin* Iin. Thus the average input and output current
must satisfy Iin =D Io These relations are based on
the assumption that the inductor current does not
reach zero.
IV.PI & PID CONTROL
4.1 CONCEPT OF PI CONTROLLER:
Proportional & Integral Controllers, Proportional
plus Integral controllers were developed because of
the desirable property that systems with open loop
transfer functions of type 1 or above have zero
steady state error with respect to a step input.
The PI Controller is:

But can be realised easily in the following form:

Fig.4 Voltage and current changes
To analyze the voltages of this circuit let
us consider the changes in the inductor current over
one cycle. From the relation

…(1)
the change of current satisfies

…(2)
For steady state operation the current at
the start and end of a period T will not change. To
get a simple relation between voltages we assume
no voltage drop across transistor or diode while ON
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4.2 PID (THREE TERM) CONTROLLERS:
Proportional action: responds quickly to changes
in error deviation. Integral action: is slower but
removes offsets between the plants output and the
reference.
Derivative action: Speeds up the system response
by adding in control action proportional to the rate
of change of the feedback error. Consequently this

Page No:29

Journal of Engineering Sciences

Vol 10, Issue 4, April / 2019
ISSN NO: 0377-9254

is susceptible to noise in the error signal, which
limits the derivative gain. When present this allows
larger values of KP and KI (smaller TI) to be used
than possible in pure PI regulators, but large values
of derivative gain (KD) will cause instability.

The duties DDCM and DCCM determine
the relationship betweenthe input voltage VPV and
output voltage vo.

Fig5:The PID regulator
V.
PROJECT
DESCRIPTION
AND
CONTROL SCHEME
5.1 PRINCIPLE OPERATION OF THE
FLYBACK INVERTER WITH HYBRID
MODE
Fig6.1 shows a circuit diagram of the
flyback microinverter; it consists of an input
capacitor Cin, a flyback converter with turn ratio n
(Ns / Np), a full-bridge type unfolding circuit (S2 −
S5), and an output filter. The flyback converter
operates under the high switching frequency to
convert PV power into rectified sinusoidal
waveform. The unfolding circuit works under the
grid frequency f to inject sinusoidal ac current into
the grid; switches S2 and S5 are turned on during
the positive half-cycle of the grid voltage vg, while
S3 and S4 are turned on during the negative halfcycle.
Steady-state analysis of DCM and CCM
operations :
Under the constant switching frequency fs,
the operation modes are classified into DCM and
CCM. In DCM, the magnetizing current im
becomes zero within each switching period Ts, and
the transformer T is completely demagnetized as
shown in Fig. 6.2. When S1 is turned on, the
primary current ipri is stored in the magnetizing
inductance Lm, and its peak value is expressed as
follows:

Fig7: Key waveforms in DCM and CCM.
As mentioned above, the peak value
of the primary current in DCM is expressed as the
equation (1). In case of CCM, as shown in Fig. 6.2,
the peak value of the primary current Ipri, pk_CCM
is equal to the sum of the average magnetizing
current Im and the ripple component. Because the
magnetizing current is the same as the primary
current when S1 is turned on, its average value can
be expressed using the average value of the
primary current Ipri and the duty ratio DCCM as

Fig :6 Circuit diagram of the flyback
microinverter

www.jespublication.com

Thus the power relationship in (2), the
peak value of the primary current Ipri, pk_CCM is
calculated as

The peak value of the secondary current is
the same as the pelue of ipri for each mode divided
by the turn ratio n.
5.2 Flyback Microinverter with hybrid mode :
Under the DCM operation, the turn-off time
toff is divided into the falling time tf and the zero
time Δt. The time tf is constant and is given by
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where VPV/Vg is denoted
as λ. Because im is zero before end of each
switching period Ts, the following condition (10) is
satisfied in DCM

With an increase of the output power,
DDCM also increases, and the sum of the turn-on
time and falling time becomes Ts. Thus, from (5)
and (10), the critical duty ratio Dcri can be
obtained as follows:

From (8), the fact that the duty ratio
DDCM is equal to DCCM under boundary
condition is verified, and the flyback operates in
the DCM region when DDCM is smaller than
DCCM. It shows the operation regions of the
flyback inverter in a half-cycle of the grid under
conditions given. As shown in Fig.6, the flyback
inverter operates in DCM at the low instantaneous
power level or low solar irradiation level although
it operates in CCM region above a certain power
level in ac line period. Because the flyback inverter
has both operation modes over whole ac line
period, it performs as the flyback inverter with
hybrid mode.
The boundary between DCM and CCM
regions varies according to the magnetizing
inductance Lm. Lower Lm results in larger DCM
region at the given output power. The critical
magnetizing inductance Lm,cri is derived from (5)
and (6) as follows:

…(6.12)
To make the flyback inverter only
operate in the DCM region, Lm should be lower
than Lm,cri at a certain output power. The flyback
inverter only with the DCM region suffers from the
high current stress which causes high power losses
and limits the increase of the power capacity. As
Lm increases, the CCM region increases, and the
maximum current stress gradually decreases. Thus,
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the high Lm enhances the efficiency and power
capacity. However, when setting the value of Lm,
there is a trade-off between the efficiency and
transformer size; higher Lm gives the lower current
stress but a larger transformer size. Thus, the
design of Lm for the flyback inverter with hybrid
mode should be above Lm,cri, and consider the
acceptable current stress and transformer size.
5.3 Control issues :
In the flyback microinverter with
hybrid mode, the current controller should ensure
the reference tracking and disturbance rejection
performances in both operation regions. Fig. shows
the equivalent circuit of the grid-connected flyback
microinverter.

Fig8: Equivalent circuit of the grid-connected
flyback microinverter.
In the conventional control system , the PI
controller is used to ensure the reference tracking
and disturbance rejection performances. Fig. shows
open-loop Bode plots of the compensated systems
by the conventional PI controller. Used parameters
are listed. The operating point in DCM is at the
instantaneous power 25W under the rated average
output power. While, the point in the CCM is the
peak of vg under the rated average output power
where it is the minimum RHP zero. The
proportional gain kp of the PI controller is tuned to
be low to ensure the stability in the operation point
with the minimum RHP zero. Thus, the gains of the
conventional PI controller are set as follows: the
proportional integral gain kp = 0.08 and ki = 64. As
shown in Fig, the system gain at the fundamental
and its harmonic frequencies of the grid in DCM is
much lower than that in CCM although the integral
action of the PI controller gives high DC gain at the
origin. This makes the flyback inverter in the DCM
region be unable to ensure tracking the reference
and rejecting disturbances by the PV and grid
voltages effect. To increase the system gain at
those frequencies, a high proportional gain is
required. However, it raises the system gain at all
frequencies and so could make the flyback inverter
in the CCM region become unstable. Consequently,
when applying the conventional PI controller to the
flyback inverter with hybrid mode, there is a trade-
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off between control performance in DCM and
stability in CCM.
5.4 Proposed control strategy :
To satisfy the desired control
performance and stability in both operation modes,
the PR controller can be developed, and its transfer
function is expressed as

where kr is the resonant gain. The PR
controller in (6.15) has an infinite gain at the grid
frequency. However, the infinite gain would
degrade the control performance and even cause
the system to become unstable. In the practical
implementation, the following form of the PR
controller can be adopted as

…(6.16)
where ωc is chosen to widen the
controller bandwidth and determines the -3 dB
cutoff frequency of the controller. That is, the
magnitude of the compensator becomes kr / 2 at ωωc or ω+ωc. In the PR controller, kp is selected in
the same way as that of a PI controller. That is, it is
designed by the stability of the compensated
systems considering the minimum RHP zero. The
gain kr is tuned relatively high to minimize steadystate error but it is limited by the stability. In case
of the proposed PR controller, the gains kr and ωc
are 20 and 16, respectively; kr is selected to make
the system have the phase margin above 45° to
ensure the stability in practice. In addition, the
harmonic compensator is able to alleviate errors for
the selective harmonic frequencies, and its transfer
function is represented as
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Fig9: The block diagram of the proposed
control system.
The overall proposed control system
for the flyback inverter with hybrid mode is shown
in Fig.it consists of the PR controller with HC and
the nominal duty ratio Dn. Ig * is the peak value of
the reference grid current (or output current). As a
kind of the feedforward control inputs, the nominal
duty ratio Dn eliminates the disturbance effects and
reduces the burden of the feedback controller. In
only the duty ratio Dccm in (6.6) is applied to
whole ac line period. In this case, the duty ratio
Dccm causes the voltage mismatch in the DCM
region, which increases the burden of the feedback
controller. Since the system gain in DCM is
relatively lower, this burden becomes heavier. To
overcome the mismatch in DCM, the duty ratio
DDCM should be applied when the flyback
inverter operates in the DCM region; it means that
the nominal duty ratio should be determined
according to the operation region. To classify the
section of operation modes without an additional
current sensor, the critical duty ratio in can be
used; it is noted that the flyback inverter operates in
the DCM region when the following condition is
satisfied
VI. SIMULATION RESULTS
Simulation results for the grid current ig and
its reference ig_ref when the conventional control
system is applied.
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Fig10: Quarter-load condition.
When the conventional control system is
used, the grid current is distorted in the low power
level. If the gain kp increases to track the reference
signal, the system becomes unstable. Especially,
the output current is not regulated by the poor
tracking and rejecting disturbance performances in
the power level only with DCM region over whole
ac line period.

Fig13: Full-load condition.

Fig11: Full-load condition
Simulation results for the grid current ig
and its reference ig_ref when the proposed control
system is applied.

Fig12: Quarter-load condition.

Fig.10 shows the waveforms for the grid
voltage and current when the proposed control
strategy is applied. As shown in Fig.11 regardless
of load conditions, the grid current has an almost
perfect sinusoidal form and desired power level.
The THD on the grid current is measured as 2.4%
under full-load condition. Fig.12 shows the
dynamic performance under the load variation.
From Fig.12 it is verified that the proposed control
system makes output current well track its desired
value under the load transient-state.
VII.CONCLUSION
The current control strategy of the flyback
microinverter with hybrid mode for Photovoltaic
AC module has been introduced and verified by the
analysis, simulation and experimental results. In
the proposed control strategy, the Proportional
Resonant controller with Harmonic Compensator
provides the high system gain at fundamental and
harmonic frequencies in both operation modes
without using high proportional gain. The
characteristic alleviates the trade off between the
control performance in Discontinous Current Mode
and stability in Continous Current Mode when the
conventional Proportional Integral controller is
used. In addition, the proposed hybrid nominal duty
ratio yielded from the proposed operation mode
selection eliminates the disturbance more
effectively and reduces the burden of the feedback
controller. From the simulation and experiment
results, it is verified that the proposed control
strategy shows faster reference tracking and better
disturbance rejection than those of the conventional
strategy. Finally, the proposed control strategy
encourages the many advantages of the flyback
inverter with hybrid mode and makes it to be used
in the industrial field.
VIII.FUTURE SCOPE
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The Fuzzy based Sliding mode Control
based system enhances the stability of the system
and improves the dynamic response of the system
operating in faulty Conditions in a better way and it
has also effectively enhanced the damping of
Electromechanical Oscillations. According to nonlinear Simulation Results.
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