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Reconfigurable control scheme for a PV
microinverter working in both grid connected and
island modes.
Abstract- In this paper a photovoltaic microinverter capable of
operating in both island mode and grid connected mode by
means of a reconfigurable control scheme is proposed. The main
advantage of control reconfiguration is that in grid connected
mode the microinverter works as a current source in phase with
the grid voltage, injecting power to the grid. This is the
operation mode of most commercial grid connected PV
microinverters. The idea is to provide those microinverters with
the additional functionality of working in island mode without
changing their control algorithms for grid connected mode,
which were developed and refined over time. It is proposed that
in island mode the microinverter control is reconfigured to work
as a voltage source using droop schemes. These schemes consist
in implementing P/Q strategies in the inverters, in order to
properly share the power delivered to the loads. The aim of the
paper is to show that the proposed control reconfiguration is
possible without dangerous transients for the microinverter or
the loads. Simulation and experimental results on an 180W
photovoltaic microinverter are provided to show the feasibility
of the proposed control strategy.

I.

INTRODUCTION

In the last years one of the priorities worldwide is
developing alternative sources to produce electric energy,
especially from renewable sources, which produce low
environmental contamination levels. Those renewable energy
sources play an important role in the long-term, and they will
give rise to substantial changes in the technologic,
environmental and organizational profile of the global energy
system [1].
Besides, the possibility to produce energy close to the
consumption points along with energy delivery problems in
isolated and rural areas turn distributed generation (DG) [2]
into an interesting and promising technological option.
Accordingly to the expressed above, it is feasible to
implement interfaces able to get connected to the grid in order
to transfer the energy coming from renewable sources (grid
connected mode), as well as to feed local loads when there is
a lack of distribution grid (island mode). Those interfaces are
known as microgrids [3].
A microgrid is able to flexibly import and export energy
from and to the grid. It controls the flow of active and
reactive power [4]. The inverters working in a microgrid must
be able to work in grid connected mode, injecting power to
the distribution grid, as well as in island mode, delivering a
proper AC voltage quality to local loads [5].
Most commercial grid connected PV microinverters
operate as a current source in phase with the grid voltage,
injecting power to the grid [6]. The control algorithms for
these microinverters have been developed and refined over

time, being highly efficient for grid connected operation.
Therefore, many microinverter manufacturing companies
may be prone to keep their reliable grid connection control
algorithms while incorporating new functions.
The main contribution of this paper is to provide those
microinverters with the additional functionality of working in
island mode without changing their control algorithms for
grid connected mode.
There are several studies about the proper operation of
inverters working in both grid connected and island modes. A
possible solution is based on droop schemes. These schemes
consist in implementing P/Q strategies in the inverters, in
order to properly share the power delivered to the loads and
avoid critical communication lines between inverter modules.
In [4] and [7] the inverters are controlled by droop schemes in
both operation modes. These inverters are controlled as
voltage sources even if they are connected to the grid, so that
experienced control algorithms that inject the inverter output
current in phase with the grid voltage (current source
algorithms) developed for commercial inverters in grid
connection mode are discarded.
In [8] it is described that under normal operation the
inverter works in a constant current operation mode in order
to provide a preset power to the grid. When the islanding
situation happens, the inverter must detect it and switch to
voltage mode operation. In this mode the islanded inverter
will provide a constant voltage to the local load. Additionally,
[8] proposes an intelligent load-shedding algorithm for
intentional islanding and a synchronization algorithm for grid
reconnection. However, the paper does not mention how to
parallelize inverters. Furthermore, the reference imposed to
the voltage controller has a fixed value.
In [9] it is presented a practical single-phase inverter-based
microgrid system that ensures smooth mode transfer between
island and grid modes, while maintaining accurate current
sharing and high-quality output waveforms. The complete
system is implemented using robust CAN communications,
including an upper level controller that assigns each inverter
to run in voltage or current loop control, a current sharing
control and a mode transfer algorithm. However, this system
requires a communications bus to operate properly, which
means an increased cost.
In other studies like [10] and [11] reconfigurable control
schemes are proposed, based on a very simple and effective
type of control. This control is the multiloop linear PI control
system. This method uses linear inner and outer PI control
loops to regulate the system state variables. However, in these

papers it is not clearly explained how inverters are
parallelized sharing the load power.
Given the above, this paper aims to show a reconfigurable
control scheme based on multiloop control in both operation
modes. Droop schemes are used in the island mode. The idea
is to use “current source” control algorithms implemented in
commercial microinverters for the grid connected mode, in
which case an inner loop provides control of the AC grid
injected current, whereas an outer loop regulates the DC
voltage at the input of the inverter. In island mode, the inner
current loop doesn`t change, but the aim of the outer loop is
to regulate the inverter output voltage, i.e. a “voltage source
algorithm”. The voltage controller follows the reference
imposed by droop schemes. These schemes are well suited for
parallel inverter operation without communication lines
among the inverters sharing the load power.
Besides, this paper presents the operation of the
microinverter in island mode, without the need of additional
energy storage systems, such as batteries and supercapacitors.
The microinverter delivers the energy demanded by the load
if enough energy is available from the PV panel.
Additionally, in the paper it is shown that the proposed
control reconfiguration is possible without dangerous
transients for the microinverter or the loads.
This paper is organized as follows. The second section
presents the characteristics of a photovoltaic (PV)
microinverter working in grid connected mode. The third
section shows the method selected for island detection, which
determines whether the microinverter is connected to the
distribution grid or not. The fourth section presents the
characteristics of the microinverter for island mode operation.
The fifth section shows the transition between operation
modes. Simulation results are provided in the sixth section to
illustrate the feasibility of the proposed controllers. The
seventh section shows the experimental results. Finally,
conclusions are provided.
II. PV MICROINVERTER SYSTEM DESCRIPTION IN GRID
CONNECTED MODE

Fig. 1 shows the scheme of the PV microinverter that has
been implemented. The control configuration corresponds to
grid connection mode. The microinverter is fed by a DC
programmable source in which the I-V curve of a PV panel
has been programmed. The panel voltage is in the range 2636.7V at the maximum power point (MPP), so that a DC-DC
stage is needed to raise the voltage supplied by the panel to
suitable levels (VDC=380 V) for grid connection of the power
processing system. A push-pull DC-DC converter has been
chosen for this purpose. For DC-AC conversion a currentcontrolled H-bridge inverter with bipolar PWM [12] with an
output LCL filter [13] has been chosen. Note that the use of a
push-pull topology provides galvanic isolation without the
need of bulky and heavy low frequency transformers.
As it can be observed from Fig. 1, the control of the Pushpull converter starts from a maximum power point tracker
(MPPT), implemented by a P&O (perturb and observe)
algorithm [14]. The output of the MPPT, Vg_ref, is the

reference for the PV panel voltage, Vg. The error between
both signals is amplified by a PI voltage controller whose
output is the control voltage, Vc, of the peak current modecontrol loop (PCC) [15]. This control voltage limits the peak
value of the current through the primary of the push-pull
transformer, avoiding its saturation. The PCC control of the
DC-DC converter transformer primary current combined with
the control of its input voltage (the PV panel voltage) was
proposed in [16] in the context of double-stage PV inverters.
In the PCC PWM modulator an external stabilization ramp,
of slope Se, is added to the sensed current through the
transformer primary (of slope Sn). Fig. 2 shows the control
structure of the PCC loop applied to the push-pull converter.
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Fig.1. Block diagram of the PV microinverter. The control
configuration corresponds to grid connection mode.
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Fig.2. PCC scheme of the push-pull converter for grid connection
mode operation.

The PWM inverter has an inner current controller based on
a harmonic compensator [17] in order to comply with the
IEEE 929-2000 standard [18], in terms of the THD of the
current injected to the grid. The amplitude, Iref_peak, is the sum
the power-feedforward term, used to achieve a fast response
of the inverter control to changes in the power generated by
the panels [19], and the output of the PI controller of the
inverter DC_link voltage, If. This amplitude is multiplied by
cos(θINV) for synchronization with the fundamental
component of the grid voltage. A synchronous rotating
reference frame phase locked loop (dqPLL) [20] is used for
grid synchronization. Fig. 3 shows the dqPLL block diagram.
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Fig.3. Block diagram of the dqPLL.

Table I shows the electrical parameters of the PV
microinverter under study.
TABLE I
ELECTRICAL PARAMETERS OF THE PV MICROINVERTER UNDER STUDY

Parameter
Panel voltage variation (Vg)
Injected power by panel (Ppv MPP)
DC_link voltage (VDC)
Inverter output voltage (VO RMS)
Inverter output frequency (fg)
Push-pull inductance (LX)
Push-pull input capacitance (CIN)
Push-pull transformer turns ratio (N)
Push-pull switching frequency (fs)
DC_link capacitance (CDC LINK)
Inverter inductance (L)
Inverter output capacitance (C)
Damping resistance (Rd)
Inverter switching frequency (fsi)

Values
[24V – 36.7V]
180W
380V
230VRMS
50Hz
11mH
470μF
20
20kHz
1mF
19.1mH
600nF
50Ω
20kHz

Table II shows the expression of the chosen controllers for
both, the inner current loops and the outer voltage loops,
along with the corresponding crossover frequencies and phase
margins both for the push-pull and for the H-bridge inverter
in grid connection operation mode. In table II the term FM is
the PWM modulator gain, which depends on Se and Sn. This
value should be adjusted properly in order to guarantee the
stability of the current loop [16]. Details about the adjustment
of the inverter controllers in grid connected mode can be
found in [21].
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III. ISLANDING DETECTION METHODS
The condition of “islanding” in a distributed power
generation system is an electrical phenomenon which occurs
when the energy supplied by the power grid is interrupted and
the distributed generators (DGs) continue energizing some or
the entire load. Thus, the power grid stops controlling this
isolated part of the distribution system, which contains both
loads and generation, so that security, restoration of service
and reliability of the equipment may be compromised [22]
[23].
The main idea to detect an islanding situation is to supervise
the DGs output parameters and/or other system parameters in
order to determine if changes indicating an islanding
condition have occurred. Islanding detection techniques can
be divided into remote and local ones, whereas the latter
techniques are divided into passive and active ones, as shown
in Fig. 4 [24].

Fig. 4. Anti-islanding techniques classification.

Before defining the different methods of islanding
detection, it is important to highlight two key features in
order to understand the islanding phenomenon. The first one
is associated with the so-called “Non-detection zone” (NDZ).
NDZ can be defined as the range (in terms of the power
difference between DG inverter and load or load parameters)
in which an islanding detection scheme under test fails to
detect this condition [25]. The second one is associated with
the type of loads (potential loads inside an isle), which can be
modelled as a parallel RLC circuit. This circuit is primarily
used because it raises more difficulties for islanding detection
techniques than others. Generally, non-linear loads that

produce current harmonics, or constant power loads do not
represent difficulties for islanding detection [26].
The passive techniques are based on islanding detection
through monitoring of parameters such as voltage, current,
frequency and/or their characteristics.
Those techniques interrupt the inverter operation when a
transition occurs beyond the limits established for these
parameters. They have the advantage of not worsening the
quality of power, but exhibit a considerable Non Detection
Zone (NDZ). The main passive techniques are:
- Over/under-voltage and over/under-frequency [27]
- Detection of voltage and current harmonics [28].
- Detection based on state estimators [29].
The active techniques intentionally introduce disturbances
at the output of the inverter to determine if they affect
voltage, frequency and impedance parameters, in which case
it is assumed that the grid has been disconnected and the
inverter is isolated from the load.
Active techniques have the advantage of remarkably
reducing or even eliminating the NDZ, but in order to achieve
their purpose they may deteriorate the quality of the grid
voltage or even cause instability. Among the active
techniques can be found:
- Harmonic injection/detection of impedance [30].
- Sandia Frequency Shift (SFS) Sandia Voltage Shift
(SVS) [31].
- Variation of active power and reactive power [32].
- General Electric Frequency Schemes (GEFS) [33].
The method used in this work is the active method based on
harmonic injection. This method has the particularity of
monitoring changes in the grid impedance due to the injection
of a particular harmonic or a sub-harmonic [34]. It is based on
the idea that when grid is connected, the impedance of the
grid at the injected harmonic frequency is lower than that of
the load, so that and the current produced by this harmonic
flows into the grid. When the grid is disconnected, the current
produced by the injected harmonic flows through the load,
producing a voltage harmonic which can be detected.
In order to inject a second harmonic, the method based on
PLL perturbation shown in [30] has been adopted in this
work. The idea is to inject a harmonic current, in this case a
second-order harmonic, to change the phase of the inverter
current (cos(θINV) in Fig. 1). This is achieved by injecting a
sinusoidal signal synchronized with the PLL phase which
forces to smoothly modify the phase of the inverter current. A
feedback signal is extracted from the point common coupling
voltage (Vq component) as a result of the injected harmonic
signal. When the grid is disconnected, a high second
harmonic in Vq can be detected.
Fig. 5 shows a block diagram of the adopted anti-islanding
method based on the injection of a second harmonic and on
the detection of grid impedance changes.

Fig. 5. Block diagram of the adopted islanding detection method.

IV. MICROINVERTER SYSTEM DESCRIPTION IN ISLAND
MODE

The control configuration proposed for the PV
microinverter working in island mode is shown in Fig. 6.
In island mode and without the use of backup energy
storage elements, the microinverter should deliver the amount
of energy demanded by the load, supposing that the PV
generation capacity is not exceeded. In that case the supplied
power should be limited to the maximum available one from
the source. To achieve this, in [35] it is proposed regulate the
input voltage (Vg) of the push-pull by means of a reference set
by the addition of two components (see Fig. 6). The first one
is the signal calculated by the maximum power point tracker,
MPPT (Vref_MPPT), implemented by a P&O algorithm. The
second component is obtained by closing an external voltage
loop, which controls the output voltage (VDC) of the pushpull, i.e., the DC input voltage of the inverter. Note that this
voltage is usually controlled by the inverter in grid connected
applications, because there is no need to regulate the inverter
output AC voltage and, therefore, the inverter can adjust its
input DC voltage by managing the amount of energy that is
injected to the grid.
On the contrary, in island mode the inverter feeds the local
loads, offering similar waveform characteristics, both in
voltage and frequency, as the distribution grid. As the inverter
controls its output voltage in island mode, it is obvious that it
cannot also regulate its input DC voltage. Apparently, the
DC-DC converter could achieve this task in a conventional
way, i.e., by closing a voltage control loop of its output
voltage (i.e. the inverter input voltage) around the inner
current loop. However, in that case the PV panels voltage
would become uncontrolled and the extracted PV energy
would not be efficiently managed. Thus, the maximum power
point (MPP) or another power point demanded by the loads
would not be reached. With the approach proposed in [35],
the push-pull converter can regulate simultaneously both its
output and input voltages. The input voltage is adjusted by
closing a control loop around the inner current loop, whereas
the output voltage is regulated by means of an additional
control loop, as it is shown in Fig. 6. It is worth pointing out
that the controller of VDC in Fig. 6 is a PI one with a negative
sign in cascade with an integrator.
Besides, it should be taken into account that the power
provided by the microinverter is that required by the loads.

For this reason, it is necessary to find the inverter voltage
reference as a function of the active and reactive power
consumed by the load. The droop method [36] is used to meet
this goal.
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Fig. 7. Power flow through a transmission line.

where Z and θ represent the magnitude and phase of the
output impedance, respectively, and δ represents the phase of
the voltage between points A and B.
When the impedance of the transmission line has an
inductive behavior (Z=jX), the active power (P) and reactive
power (Q) supplied to the load can be expressed as:
VA ⋅VB
sinδ
X

P=

Q=

Fig. 6. Control configuration of the PV microinverter working in
island mode.

Table III shows the expressions of the chosen regulators for
both the inner current loops and the outer voltage loops, along
with the corresponding crossover frequencies and phase
margins for the microinverter in island mode. Details about
the adjustment of the controllers in island mode can be found
in [35], [37].
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From (1) y (2), and considering small a phase difference
between VA y VB (i.e. a small δ), it can be observed that P has
a strong dependence on the angle δ, whereas Q depends on
the amplitude difference between VA y VB..
The adopted droop scheme is depicted in Fig. 8.
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Fig. 8. Static droop characteristics for inductive output impedance.

The frequency (ω) and the voltage amplitude (E) of the
inverter voltage reference can be expressed through equations
(3) and (4).

ω = ω* − m⋅ P
*

E = E − n ⋅Q

Inverter
Current
controller

(1)

In order to establish the inverter voltage reference for the
voltage controller, droop schemes [38] are applied. Such
methods are based on the well-known concept of the power
flow management in large-scale AC generators, which lies in
reducing the frequency when the output power is increased
[39].
A scheme that represents the power flow through a
transmission line is shown in Fig. 7.

(3)
(4)

Being ω* and E* the frequency and amplitude of the inverter
reference voltage at not load, whereas m and n represent the
frequency and amplitude droop coefficients, respectively.
The coefficients m and n can be chosen as in the
conventional droop method to ensure steady state control
objectives [40] as follows:
Δω
Pmax

(5)

ΔE
Qmax

(6)

m=

n=

, where Pmax and Qmax are the maximum active and reactive
powers that can be delivered by the inverter and Δω and ΔE
are the maximum frequency and output-voltage amplitude
deviations allowed. Hence, these two parameters can be fixed
by the designer taking into account the tradeoff between the

power sharing accuracy and the frequency and amplitude
deviation. In this case m and n were set to 0.001.
The active power (P) can be obtained by means of low pass
filtering the inverter instantaneous output power. It is
necessary take into account that the conventional droop
scheme cannot satisfy the need for synchronization with other
inverters or with the grid due to the frequency variation of the
inverters, which produce a phase deviation. To obtain the
required performance it is necessary to eliminate the DC
component of the active power. In [41] is proposed include a
high pass filter in series with the low pass filter. Therefore the
resulting filter is a band pass filter.
The reactive power (Q) is calculated in a similar way.
However, in this case the output voltage measurement is
delayed 90º and a low pass filter is used. The expressions of
the chosen band pass filter, BPF(s), and of the low pass filter,
LPF(s), are presented in equations (7) and (8), respectively.
BPF(s ) =

s
1
⋅
0.3183⋅ s + 1 31.83 ⋅ 10−3 ⋅ s + 1

LPF(s ) =

1
31.83 ⋅ 10−3 ⋅ s + 1

(7)
(8)

V. TRANSITION BETWEEN OPERATION MODES
In this section it is provided a brief description of the
control configuration changes that occur in the transition
between operation modes.
A. Transition From Grid Connected Mode to Island Mode.
In the transition from the grid connected mode to island
mode it is necessary to change the voltage controller of the
inverter, because in grid connected mode the voltage loop
controls the DC_link voltage, VDC, whereas in island mode
the load voltage, VO, is controlled. Furthermore, the reference
for the voltage controller in island mode is provided by the
droop scheme, whereas it is a constant value for the grid
connected mode. In the same way, the push-pull voltage
controller changes its control configuration to regulate the
DC_link voltage and adjust the input voltage to the push-pull.
In order to avoid abrupt transitions from one operation
mode to the other, the final conditions of the controllers in a
particular mode must be equal to the initial conditions of the
controller in the new mode. It should be highlighted that the
same output current controller for both push-pull and inverter
are used in both operation modes [42].
B. Transition From Island Mode to Grid Connected Mode.
When the microinverter is operating in island mode and the
grid is reconnected it is possible to interconnect the
microinverter to the grid. This is done by synchronizing the
microinverter output phase with the grid phase. This action is
accomplished by measuring the corresponding phases and
doing their difference near to zero using a synchronization
loop [41]. Fig. 9 shows the synchronization loop.

Fig. 9. Block diagram of the droop scheme with synchronization
loop.

From Fig. 9 it can be found the expression of the inverter
output frequency during the synchronization with the grid:
ω = ω * − m ⋅ (P ⋅ BPF(s )) − kϕ ⋅ Δϕ
(9)
, where Δφ is the phase difference (in radians) between the
microinverter and the grid, and kφ is the frequency
proportional constant. For this work the phase measurement
was performed by means of two dqPLL. Once the angular
difference becomes zero through the action of the
synchronization loop, the switch reconnects the microinverter
to the grid. A value of kφ ≈0.2 was chosen to ensure a fast
and suitable synchronization between the inverter and the grid
without affecting the system stability.
VI. SIMULATION RESULTS
The results of the PV microinverter operating in grid
connected mode and in island mode are shown in the
following. The system has been simulated by means of PSIM
7.0.5 simulation software [43]. Additionally, it has been
considered a grid inductance (Lg) of 1.91mH, i.e. 10% of the
inverter output inductor and 0,2% of the base inductance of a
180 W PV inverter.
Fig. 10 shows the main waveforms of the microinverter
connected to the grid in the case of step variations of the
current delivered by the PV source, Ipv. It is worth pointing
out that irradiance variations on the PV panels cannot
provoke so quick Ipv variations in a real case, but this
simulation is a tough stability test for the microinverter
control loops. In the experimental results to be shown in
section VII, those Ipv steps can be achieved by means of a DC
programmable source. In Fig. 10 it is observed that under
variations of the PV source current, the output current is
properly controlled, allowing the power injection to the grid
according to the maximum available power.
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has been
b
configured as a curr
rrent source that
t
undergoees a
sudd
den step in IPV from 4A to 66A and back to
o 4A. The outtput
voltaage of the DC supply (m
microinverter input
i
voltage) is
contrrolled by the push-pull to a constant vaalue VDC = 28V.
The test is usefu
ul to demonnstrate the ro
obustness of the
dynaamics of the proposed
p
contr
trol structure to
t fast transieents,
altho
ough the variaations of IPV are not so fast
f
in a real PV
panel. It can be observed
o
from
m Figure 16 that
t
the dynamic
respo
onse of both the grid injecte
ted current and
d of VDC is staable
and well
w damped.

Fig.
F 14. Main w
waveforms of tw
wo inverters con
nnected in paralllel in
the
t transition frrom the island mode
m
to the grid
d connected moode.

VII. EXPER
RIMENTAL RESU
ULTS
Experimental
E
tests have beeen performed
d in order to show
thee feasibility off the proposedd controllers. The
T hardware setup
sho
own in Fig. 15 is based onn an 180W microinverter
m
w
whose
chaaracteristics hhave been sum
mmarized in Table I, whereaas the
adjjustment of thhe controllers has been desscribed in preevious
secctions. A TMS320F28335 Digital Signaal Processor ((DSP)
perrforms the innner current looop and an outeer PI controlleer that
enssures voltage regulation for
f both grid mode and iisland
mo
ode, correspoonding to thee inverter co
ontrol. The ddroop
sch
hemes of the inverter andd the voltage controller oof the
pussh-pull convverter are alsso running on
o the DSP.. The
sam
mpling frequeency is 40 kH
Hz and the Tustin
T
methodd has
beeen chosen foor the controollers discretization. The DSP
con
ntrol also inclludes a PLL block
b
in order to synchronizze the
miccroinverter w
with the grid. The experim
mental results have
beeen obtained bby connectinng a program
mmable DC ppower
sup
pply AMREL SPS800-12-D
D-013 to the microinverter
m
iinput.

Fig.
F 15. Laborattory setup to tesst the reconfigu
urable control sccheme
for a microinverter working inn both grid con
nnected and islaand
mon coupling, C
C.
modes. A. Oscilloscope, B. Point of comm
Miicroinverter, D.. DC power suppply AMREL SPS800-12-D-0113, E.
TMS320F288335 Digital Siignal Processor, and F. Loads.

Fig
g. 16. Large-sig
gnal response oof the microinveerter. Input currrent
step IPV (first tracce, 5A/div) from
m 4A to 6A and
d back to 4A. iO
ond trace, 1A/d
div). VDC (third trace, 20V/div)). Vg (fourth traace,
(seco
2V
V/div). Time sccale=500ms/div
v.

Fig
g. 17 shows th
he transition from grid connected modee to
island mode (start of the islandiing situation) with a local load
l
of 35
50Ω (151 W at 230 Vrmss). As it can be observed, the
micro
oinverter can,, with a smoooth transient, switch from grid
g
conn
nected mode to
t island modde while regu
ulating the outtput
voltaage quickly to
t the nominnal operating
g range. In grid
g
conn
nected mode the
t microinveerter output current
c
follow
ws a
referrence that allo
ows to inject tthe maximum
m available pow
wer
from
m the programmable DC soource, whereas in island mode
m
the output
o
current follows the reeference impo
osed by the drroop
schem
mes (load). In
I this case the resistive load absorbbs a
smaller power (15
51 W) than thhat injected to
o the grid beffore
islanding (180 W).
W Additionaally, the miccroinverter innput
voltaage is adjusted by a perturrb and observ
ve (P&O) MP
PPT
algorrithm [14] to follow
f
the load
ad power consu
umption.
Fig
g. 18 shows a detail of Fig.. 17, in which
h a good transient
respo
onse between both operationn modes is ob
bserved.

Fig. 17. Transient response off the transition from
f
grid conneected
mode
m
to island m
mode. vO (first trace,
t
500V/div
v). iO (second trrace,
2A/div).
2
VDC (tthird trace, 20V
V/div). Vg (fourrth trace, 10V/ddiv).
Islanding detecction signal (fift
fth trace). Time scale=200ms/ddiv.

Itt is observed ffrom Fig. 17 that
t the steady
y state value oof VDC
in island modee is slightly higher (385 V) than inn grid
con
nnected modee (380 V). This
T
small diffference is ddue to
slig
ght differencees in the VDC reference
r
impo
osed to the invverter
and
d to the DC-D
DC converter inn the experim
mental prototyppe.

Fig. 19. Transient response for lo
load step changes in island mode.
00V/div). vO (seecond trace, 500V/div). iO (third
VDCC (first trace, 10
tracce, 2A/div). Vg (fourth
(
trace, 100V/div). Time scale=200ms/diiv.

Fig
g. 20 show
ws the synnchronization between the
micro
oinverter outp
put voltage an
and the grid voltage
v
when the
grid is reconnected. When booth phases match
m
the circuit
break
ker can be reclosed.

vO
vgrid

(a)

(b)

Fig.
F 20. Microin
nverter output vvoltage synchronization with thhe
grid voltage (top, 100V/div). Detaail of the synchrronization signaals.
(a) Start
S
of the syncchronization andd (b) Synchronized signals. Tiime
scale= 2000ms/div.

Fig.
F 18. Detail oof the transient response of thee transition from
m grid
connected modde to island mode. vO (first traace, 500V/div). iO
(seecond trace, 2A
A/div). VDC (thirrd trace, 20V/diiv). Vg (fourth trace,
10V/div). Islannding signal (fiffth trace). Timee scale=20ms/ddiv.

Fig.
F 19 depictts the transiennt response off the microinvverter
forr resistive loadd step changess from 120W to 182W andd back
to 120 W (440Ω
Ω to 290Ω andd back to 440Ω) in island m
mode.
It is
i shown that when the miccroinverter wo
orks with the ddroop
sch
hemes the load changes do
d not affect significantlyy the
miccroinverter opperation, wherreas the transieents are smoooth.

g. 21 shows a smooth transiition between island mode and
Fig
grid connected mo
ode. Once thee grid and the inverter voltaages
are synchronized,
the grid circcuit breaker is
s
i reclosed. This
T
transsition has no significant
s
volltage or curren
nt transients. The
T
micro
oinverter is lo
oaded with 1550W in island
d mode. After the
transsition, the microinverter injeects the poweer supplied by the
progrrammable DC
C source into th
the grid, in thiis case 180W.

Fig.
F 21. Transieent response forr the transition from island moode to
grid
g connected m
mode. vO (first trace,
t
500V/div
v). iO (second trrace,
2A/div). VDC (tthird trace, 20V
V/div). Vg (fourtth trace, 10V/diiv).
Reconnectioon signal (fifth trace).
t
Time scaale=200ms/div..

Fig.
F 22 shows a detail of Fiig 21, in whicch a good trannsient
ressponse of the ttransition from
m island modee to grid connnected
mo
ode, is observeed.

nverter operattion
Thee control structures for botth PV microin
modees are presented in this papeer. In the grid
d connected mode
m
the inverter
i
contrrols its inputt DC voltagee and its outtput
curreent, working as a current ssource in phaase with the grid
g
voltaage, injecting the
t available PPV power to the
t grid, wherreas
the DC-DC
D
conveerter connecteed between th
he PV panel and
the in
nverter contro
ols the microiinverter inputt voltage (i.e. the
PV panel
p
voltage) achieving thhe MPP track
king. This is the
operaation mode of most com
mmercial PV grid conneccted
micro
oinverters bassed on a doubble power conv
version structuure.
In th
he island modee the same cuurrent controller is used for the
inverrter, but its vo
oltage controlller is reconfig
gured in ordeer to
regullate the invertter output volttage. Besides, in that operattion
modee the DC-D
DC converter controls itss input voltaage,
wherreas its outputt voltage (i.e.. the inverter input voltagee) is
regullated by mean
ns of an additiional control loop.
l
In that way
w
propeer voltage and
d frequency leevels are prov
vided to the loocal
loadss. The referen
nce for the invverter voltage loop is obtaiined
by means
m
of droop
p schemes. Suuch schemes allow
a
the inveerter
to work
w
in grid isolated
i
modee. The reconffiguration of the
contrrollers from one mode too the other one is validaated
throu
ugh simulation. Finally, exxperimental results have been
b
preseented in order to validate thhe proposed ap
pproach, show
wing
a pro
oper reconfig
guration of thhe controllerss both when the
islanding situation
n appears and w
when the grid
d is reconnecteed.
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