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Abstract — Flexibility and efficiency are the qualities of microgrids which are associated with power delivery and
intended to create a system which can adapt to changes in distributed generation output and load demand in an effective
and timely way, without sacrificing stability or performance. In order to maintain the power quality requirements,
microgrid control solutions should be reliable enough to operate both independently and in conjunction with the utility
power network. The paper proposes secondary layer control function in the control hierarchy of microgrid and
mechanism behind its implementation to correct frequency and voltage deviations resulted through primary control.
Two network forming inverters, feeding a common load are considered for this study. A discretized SVM (space vector
modulation) technique is utilized owing to advantages such as high utilization of DC link voltage and low output voltage
total harmonic distortion, to convert the modulating signals into pulses for driving the power electronics-based
converter/inverter. Computer simulations (Reactive/active power sharing, frequency, voltage, current and voltage
tracking versus time) are performed on MATLAB-Simulink software to evaluate the efficacy of the proposed approach.

Keywords — Control, droop, microgrid, model, secondary

1. INTRODUCTION

The electric power production, its transmission, and
distribution have undergone through several development
stages, and new techniques are still being developed
today. These developments have goals of sustainable
future and reliable power supply to the end users. At the
start of the 20" century, society began to consolidate
formerly dispersed power-producing competitors-
typically situated near their end users-into expansive,
state-approved monopolies in order to enhance stability
and service reliability and guarantee the development of
standardised infrastructure for a technology that, within a
century of its inception, became a fundamental human
necessity [1,2].

The central controls serving as dispatchers for these
interconnected generating units led to the development of
electrical power engineering, which deploys and
optimises computing resources to produce dependable,
safe, and efficient electrical power systems. The trend in
use of distributed generation systems paved the way for
the development of a localised generation-transmission-
distribution electrical power system that includes loads,
batteries, and distributed generators (DGs). As a single,
controllable unit, these units have advantages not just in
an environmental pollution terms but also for greater
local reliability and risk mitigation because they require
less expensive infrastructure [3]. A number of literatures
are available with significant efforts put in this direction.

Research published in [4] examines how the
secondary control layer in an islanded microgrid is
impacted by the intrinsic characteristics/methods of
digital communication technology. The simulated results
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highlight the advantages and disadvantages of each
strategy and point out risks that, if adequately avoided or
managed beforehand, can avert failures that might
otherwise happen.

Authors in [5] proposed their research with an aim
of analyzing grid connected inverters in distributed
generations. The stability and efficacy of LCL-filter-
based current regulated system are challenged by the
wide range of grid impedance. This paper shows that the
application of active damping contributes to system
stabilisation with regard to a wide variety of resonance
types. In [6], a four-node real-world laboratory setup that
can simulate both distributed generation network
scenarios (grid connected as well as islanded) is
described. The hardware and software configuration are
thoroughly described, with particular attention paid to the
dual-core DSP used for control, which is close to industry
standards and capable of simulating actual complexity. A
thorough experimental part demonstrates the system's
primary characteristics.

In the study conducted in [7], advanced control
methods for microgrids are reviewed. Control of grid-
connected and islanded microgrids using decentralised,
distributed, and hierarchical methods is discussed in this
study.

The voltage source converter/inverter (VSC/I) plays
a significant role and acts as an interface between
distributed energy resource and load. This also interfaces
load through a filter. The filter's shunt capacitor and
dampening resistor values were adjusted to minimise
noise and boost power o/p during load current
disruptions. The filter capacitor's low impedance acts as
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a bypass for harmonics by reversing the converter's
harmonic currents, preventing them from entering the
load and ensuring voltage support at the node.

A comprehensive collection of examples and digital
computer time-domain simulation studies are presented
in [3,8] to illustrate the control design processes and
desired performance.

The addition of automation, intelligence, and
communication like qualities to power electronic based
VSCs allows the system to communicate with the utility
grid in bidirectional way, resulting in the emergence of
the smart grid concept. The voltage and frequency
stability, black start operation, reactive and active power
regulation, active power filtering capabilities, and energy
storage management are all those aspects that are likely
to be a part of these smart grids. In [9], focus is laid on
new automation techniques in practical microgrid
control. New advancements in microgrid control, like the
"internet of electricity” or "“energy internet,” are
highlighted. A framework for the internet of electricity
that can be used to regulate microgrids is suggested.

In the direction of standardization of microgrids,
[10] presents hierarchical control, with its different
levels, derived from electrical dispatching standards and
ISA-95 in order to incorporate flexibility and smartness
into microgrids. Stable connection/disconnection of
microgrid to the main utility grid is also a challenge in its
operation. In case of a grid failure, [11] outlines a way for
implementing a stable deliberate disconnect/reconnect of
local grids from the utility electrical network. The grid-
connected power converter that uses this control
technique functions as an intelligent connection agent
(ICA) and changes its mode of operation based on the
connection state.

CDC (Conventional droop control) enables the
microsource inverters to decentrally control the local
frequency, and voltage of the microgrid and the real and
reactive power generation of each inverter in an islanded
operation. Microsource converters connected to the
microgrid with LCL filters provide a weak grid since they
act as islands and have a very small moment of inertia. At
the PCC, any non-linear load that draws harmonic
currents changes the voltage quality because of the drop
between the inductors on the grid side of microsource
inverters. Due to the inclusion of resonance phenomena,
these harmonics may impact the stability of the microgrid
and should be handled well [12-15].

When operating in an islanded mode, the output
impedances of multiple inverters connected in parallel
play a significant role in sharing both active, and reactive
power with the load. Any discrepancies in the inverters'
output impedances result in distinct operating conditions
at the point of common load, which in turn impacts power
sharing with the local load. Reactive power, fundamental
current component, and harmonic current sharing all get
out of sync as a result. On the other hand, active power
sharing is controlled by P-w droop characteristics and
remains unchanged till the microgrid's frequency stays
constant. The microgrid's frequency stabilises under

steady state conditions and stays intact until local load
excursions exceed the rated capacity of the inverter[16-
18]. The aforementioned issue might be resolved by
controlling the output impedance of an inverter. This
problem has been extensively discussed in the literature
and resolved by adding VI (virtual impedance) to the
control loop. The goal of adding virtual impedance is to
equalise each inverter's per unit output impedance. While
applying it, the output impedance type-which can be
resistive, inductive, resistive-inductive, or resistive-
capacitive-should be carefully chosen. Multiple inverters'
output impedances cannot be normalised since line
impedances can also range in value. Additionally,
changes in the filter's component over time are also
problematic [19-23].

Virtual damping and inertia have also been
incorporated in control model of an individual inverter to
alleviate the stability issues in microgrids. Analysis and
simultaneous optimization of VSG (virtual synchronous
generator) and VI (virtual impedance) parameters have
been reported in [24-27] with dq based modelling in
detail for two bus microgrid.

Considering the aforementioned literature review,
the paper focuses on mechanism of the corrective
measures taken by secondary layer in the control
hierarchy with the following objectives to be met.

1.1 Obijectives

1) To discuss control methods in microgrids and to
model the proposed MG structure with secondary
control.

2) To evaluate and discuss case study of islanded
Microgrid with corrective actions of secondary
layer control through computer simulations.

2" section of the paper discusses about main (primary),

secondary and tertiary control layer, followed by the

microgrid model under study. The simulation results are
discussed in section 4. The paper is concluded in the
section 5" with possible future contribution.

2. PRIMARY AND SECONDARY CONTROL
LAYER

The main (primary), secondary and tertiary MG control
layers are described in this section using the hierarchical
control approach as shown in Figure.1. The base layer has
the quickest response and governs the device level,
whereas the higher layers have a slower response
comparatively and govern the system level [2]. The key
features of multilayer control system is to regulate
reactive and active power flow to provide stable voltage
amplitude and frequency, besides adding reactive power
compensation, harmonics current sharing and filtering in
order to ensure disturbance rejection and power quality
standard in microgrids [4,7,10].

In hierarchical control structure, the droop
technique is typically employed to enable the concurrent
operation of several voltage source inverters sharing
loads and confirming power quality standards. By
making control over voltage amplitude and frequency, the
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primary layer adds virtual inertia, which replicates the
inertial characteristics of traditional power systems and
guarantees accurate power distribution among the
inverters. The second layer of control corrects frequency
and the voltage amplitude variations brought on by the
droop equations and mechanism behind this is explained
in section 3. However, at the PCC, power flow between
MG and the utility grid is controlled by the third (tertiary)
layer [3-7].

The main (primary) layer of an individual voltage
source inverter functions on the basis of local
measurement only, however the next (secondary) layer
control can also be carried out in a similar way either
locally or on communication (distributed or centralized)
basis between the VSCs. The third (tertiary) control layer,
however, needs to be managed centrally via
communication channels [3].

The droop control based primary layer is employed
to regulate voltage, frequency to further manage the
power produced by each VSC (voltage source converter).
In the traditional power system, the high power
technology that gave rise to the droop control idea allows
synchronous alternators (with high inertias) to share the
load parallelly by lowering their frequency (f) as P (real
power) on grid rises.

Without
communication

Primary Layer
(Droop Control)

Centralized
communication

A

Distributed

Secondary Layer | communication

» No communication

Centralized

Tertiary Layer - L
ry =&y communication

Fig. 1. Hierarchical control layers of microgrid.

Generating units which are coupled electronically to
voltage source converters do not possesses inertia
features to stabilise the system during synchronisation
stages, in contrast to typical traditional power systems.
Rather, by providing a very quick response, it offers
complete control over the dynamics of the system and
transient. Therefore, the droop method electronically
emulates the inertial behavior of alternators in the n/w
forming converters, controlling the « (frequency) and V
(voltage amplitude) proportionate to the P (real power)
and Q (reactive power) components, in order to improvise
the stability of MG and coordination of VVSCs operating
parallelly [2,7].The fundamental droop equations of first
(primary) layer of control are given by (1) and (2).

Wi = Wyom - Mya Py 1)

Vi =Vnom - NkaQxk )

Where[3],

wy, - angular frequency (in rad/s) of the k" inverter.

Py, - Corresponding active power (in W).

wyom- nominal frequency of the system.

mpq- active power-frequency (wg-Py) droop
coefficient (in rad/Ws).

Vnowm - The amplitude of nominal voltage.

Ny q - coefficient associated with voltage- reactive power
(V-Qy,) droop equation (in V/VA).

V, - the k™ inverter output voltage (in Volts).

Q.- reactive power (in Var) associated with k™ inverter.

A constant and equal droop coefficient my4 for all
inverters results in an equal and accurate active power
(Py) sharing because the frequency of system acts as a
global variable that is generated equally between the n/w
forming converters in the steady state. The voltage
component, on the contrary, is a local variable; hence,
even with comparable droop coefficients, there is not
ideal reactive (Q ) power sharing because of the unequal
voltage amplitude at various microgrid nodes. This is
illustrated by (3) and (4) for two (k = 1,2) network
forming inverters[3].

my Py =m,P, (3)

niQy =nyQ, + V3 -V (4)

As describe in (5), the sinusoidal reference voltage
(Vrer) of each converter is produced using w;, and V,
from the droop control model.

Vrer = Vi sin(wyt) (%)

The angular frequency/power (wy-Py) droop
equation incorporates a feed forward term with regard to
the real power (Py) in order to enhance the transient
response in Vrygr (reference voltage), as shown in (6)
[3,23].

apP
Wk = Wnom = My Py - Myap d—tk (6)
With respect to changes in real power, the gain myg,
supports in having quicker transient response, and the

feed-forward signal is related to the derivative (%)

component. An analogue of the proportional-derivative
(PD) control is this droop-compensation term [3]. By
relocating closed loop modes, the new term can enhance
damping performance.

2.1 VI Loop

In order to ensure harmonic current sharing under the
conditions of unbalanced , non-linear loads, lessen the
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effect of circulating current and attenuate distortion, the
droop approach simulates an impedance at the VSC o/p
using an extra closed loop control, which is known as Z,,,
(virtual impedance). As stated in (7), the output current
determines the inclusion of the VI as a new variable in the
Vrer Signal [3,7].
- . di
Vagr = VSiN(Ph) - Ryl - Lyt 2 (7)

Where ph = [ wy, Ly and R, are inductive and resistive
components of VI, i, is the k" converter output current.

ka = Rvk + ijk (8)

2.2 Secondary Control

By reducing the frequency & voltage amplitude
variations due to the droop based approach, the secondary
layer control maintains the power sharing that the first
layer had accomplished and returns the values to preset
ranges in the steady-state. This layer restores the V,
and wj, within their predefined ranges by an addition of
a corrective term, therefore shifting the droop
characteristics up to each unit's original characteristics.
The function of secondary control has been illustrated in
Figure 2.

3

OREF

Vrer

Secondary
- Control
Action

Control

Primary
Control
Action

Control
» P Action » Q

Prer Qrer

Fig. 2. Secondary and primary actions of microgrid

Notably, with an absence of secondary layer
implementation, the impedances and virtual inertia of the
droop controlled primary layer cause changes in voltage
amplitude and the generation frequency of microgrid ,
which are reliant on load. Secondary control strategies
range from distributed control to central control traffic
patterns of communication services [4,7,10]. Table.1
shows a qualitative summary of key features of secondary
control technique in terms of their communication
scheme, clock drift, communication constraints and
bandwidth.

Table.1 Features of secondary Layer

Techniaue Communication| Clock | Communication | Communication
q scheme drift constraints BW
Centralized- One to all No Robust High
control
De-centralized- e 1o all yes none none
control
) ve
De-centralized No weak hig?h/
averaging- All to all
control very
De-centralized Al to all No strong high

consensus-
control

The control block diagram of an individual
converter k, with inclusion of droop model, virtual
impedance model and reference generation scheme has

Secondary

Primary Action

been shown in Figure 3. The power reference values (Prer
and Qxer) are considered to be zero in an islanded mode of
MG operation.

V
L™
Voltage Current i
control loop Tm' control loop —m> Modulation T Inverter o
Zulo | Calculation
of VI (Virtual
impedance)
Pref
A
e 5 Droop (e power | lo
reference ! Qc r
generator Vi Equation calculation
Quet Vax

Fig. 3. Droop and virtual o/p impedance control loop.

3. MICROGRID MODEL

IGBT switches
Output inductance, Line, Line,
d ﬂ ﬂ RouLat Ryly Ruly  Swith GRID
| -~ a
45 3

Switching
pulses, 123,456

Load,
RL

SUUN

Line,

Roly

breaker

Fig. 4. Two inverter microgrid model.

The detail microgrid model is shown in Figure.4,

showing two inverters, their output impedances (Ro,Lo),
filter (Rs,Ls), grid (Rg,Lg), line (Ry,L.) and load (R,L)
parameters. Vpc is emulated from renewable energy
based distributed energy source like solar photovoltaic.
Converter consists of six IGBT switches and
corresponding pulses are obtained from SVM block. The
modelling details are given below.

In order to simplify operation of 3-phase converters

and further analysis, the three-dimensional phasor terms
are transformed into ap-frame components in (9) using
the simple transform of balanced systems, known as the
Clarke transformation.

()
F,()]_1 =05 -0.5
[Fa(t)]_[o 0.866 —0.866] ib((f)) )

The magnitude and sinusoidal terms of o and f

components are described in (10) and (11).

F(t)= |FZ + F§ (10)
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F,(t) = F(t) cosine[0(t)]
Fg(t) = F(t) sin[6(t)]

The variables, Vapha and Vhbeta, Shown in Figure.5 are
obtained by applying this transform to the three phase o/p
voltage, which is then used to calculate the output
voltage's amplitude (Vo). By applying the same
transformation, the current component variables lapha and
Ineta are obtained and shown in Figure.6. These current
variables, when combined with Vajpna and Vets, CONstitute
the signals of active and reactive power.

(1)

Val
pha
- Vo

Vab—»- Clarke

Vb — | Transformation »
Vbeta

calculation LPF

Fig. 5. ap scheme for voltage control

Ialpha
Clarke >

Transformation ——m»
Ibeta

Fig. 6. ap scheme for current control

3, .
p=>(aVa* igvp)
3 (12)
q= E('iﬁva + iavﬁ)

LPF (low pass filter) is included in the
determination of o/p voltage and power components for
sluggish dynamic response, harmonic and noise
suppression as shown in Figure 5 and Figure 7
respectively. Their s-domain transfer functions are shown
in (13), (14) and (15).

Vo(s)= vo(s) 5 (13)
P(s) =p(s) - (14)
Q)= a(s) = (15)

The MATLAB approach converts all transfer
functions to a discrete-time based system model at a
specified sampling rate.

Valpha P
—
LPF | »
Vbeta —» .
Laipha calculation R Q
Ibeta — | LPF ——

Fig. 7. Calculation of reactive and active power.
3.1 Reference voltage generation

The reference voltage generation scheme is given in
Figure.8.

Vaigha
—»
beta DI'UOP Oref . Vietaret
| Ref power 0 Controller [~ Sin »
o — caloulation R leapra | generator Viss
ot — loota_y] Phase
Pre! » F "
Tel
d
\
Secondary
control

Fig. 8. Reference voltage generation scheme.

— 2 2
Vet = \/Vbetaref + Valpharef (16)
Wref
Fref— o (17)

The expressions described in (7) and (8) are used to
obtain the design parameters with regard to the virtual
impedance. [, and R, are designed based on dominance
of impedance angle. The derivative term is decided by the
cross-coupled term in (18) as angle B is 90 deg to angle a
[3].

Impedance angle = tan~1( 2229} where g suffix is used
Ry+ Ry
for grid side.

Zvioa = Rvimx + lvwnomioﬁ
(18)

Zvioﬁ = Rvioﬁ - lvwnomioa

The secondary control subsystem block, shown in
Figure.8, compares nominal voltage and frequency
values with measured ones. This control action reduces
frequency and voltage variances, restoring them to rated
values. The observed error is treated by a Pl controller at
a specific sample rate. The Pl compensators are used in
each loop (Vrer and Frer) to remove errors when comparing
nominal and measured voltage and frequency values. The
transfer functions of compensators are presented in (19)
and (20).

PIv(s) = Ky + % (19)

PIS) = Ky + L (20)

Subsystem Control 2, shown in Figure 9, adds
variables based on network voltage readings. These
variables are utilized in the functionality of PLL, which
synchronises the phase between inverters 2 and 1. The
function of sinusoidal generator of inverter 2 incorporates
PLL synchronisation with the addition of a variable “Sig”
to the secondary layer control [3]. Figure.9 shows the
subsystem of the voltage reference generator.
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Sample rate

L

Valpha —
Vbeta —»
Voalpha —
Vobeta ——

LPF +

Integrator
Vrefﬁamp > —» Valpharef
. Oref —pm
|.oalpha —» +Vbetaref
Same as shown in lobeta —] Sin
Fig.8 . dv —»| generator [ ™ Vrer
—»
d(fJ —» Phase2
Sig —»
Pt — ™ | Fref2

Fig. 9. Subsystem control 2 of secondary control.

The “Sig” component generated by the phase locked
loop has its signal altered by a low pass filter to reduce
harmonic content and offer a small dynamics for newly
linked inverter, paired with an integrator controller to
minimise the phase affecting both voltage values[11].

The combined T/f of an integrator and LPF is
described in (21).

_ WcepLLKipLL
Integrator + LPF = PEro— (21)

The adjusted sample rate for the phase locked loop
subsystem allows the synchronisation function with the
Veer to begin before the 2" inverter is activated.
When the 2" inverter is synchronised with the n/w
voltage and activated, it can energise the microgrid
system and then participate with the power sharing
functionality. The sinusoidal Generator subsystem sends
reference voltage values to the current and voltage control
loop subsystems. These subsystems generate Majpna and
Mueta that control half-bridge IGBT switches.

Voltage control loop subsystem consists of a PRC
(proportional + resonant compensator) used to remove
error that may arise when comparing Vaipha and Vyjphares-
The output signal of PRC block is combined with the
network line currents in a frame - a process known as
feedforward to create I,jpnarer as depicted in Figure.10.

P(s) = Kpy (22)

2Kip§wnom s (23)

s2+28wnom S+ Wiom

RC(s) =

Valpha PRC(s) Ialpharef
+
Valpharef +
| Oalpha
I by f
\V/ etaarel
beta PRC(s)
+
Vbetaref +

I Obeta

Fig. 10. Voltage control loop scheme.

An error control signal is produced by processing
and eliminating the error caused by the comparison of the
output current and reference current in the inner current
loop control subsystem using a single PR compensator.
Figure.11 illustrates the PRC system with proportional
and resonant controller transfer function given in (24) and
(25) [24-27].

P(s) = Kpi (24)

2 Kji§wnom S
52428 wnom S+ Wiom

RC(s) = (25)

Maipha and Muera are known as modulating signals,
produced through the current loop control system, are
transformed into pulses for each of the half-bridge
switches via space vector modulation (SVM), as shown
in Figure.11.

| - ; :
alpha PRC(S) v Ma|pha
+
Ialphalref + =

Valpha
Vac/2

Ibeta 3
PRC(S) X Mbeta
: ; + + % ;|—>
I o
betaref Vbeta
Vge/2

Fig. 11. Current control loop scheme.

1
Maipha Space vector 2 _
modulation 3 Modulating
Mpeta ——m=|  generator 2 signals
5
6

Fig. 12. SVM Scheme.

The overall scheme including reference generation,
voltage and current control loop is shown in Figure.13.
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Valp'L» Vd\p”
V, Iph V
e e Vieta Maipha
Valpharef |
Vbeta alpharﬁ
Vo|[age | Current
by f
|oalpha Vpetaref Control el Control Mbeta
| | |a\pha
obeta oalpha |hela
Iubeta e

Fig. 13. Scheme of voltage and current loop control.

4. RESULT AND DISCUSSION

Scenario consists of two inverters acting as voltage
sources and one common load. Besides primary droop
based control, a centralized secondary control is also
implemented to restore the deviations in frequency and
voltage that result from primary control. Figure.14 (i-iii)
illustrate active (P) and reactive power (Q) sharing,
restoration of voltage and frequency.

Additional inverter in scenario will share the load
after specified interval of time and it is shown in
Figure.14(i). Both inverters share equal active power (P)
but reactive power (Q) sharing is unequal for obvious
reason as voltage works as a local variable for each
inverter node. In this secondary control strategy, 1%
inverter acts as the master control, while 2" inverter
serves as a slave.

Figure 14 (ii) and (iii) show steady state frequency
response (equal to nominal frequency) and voltage
response (equal to nominal voltage of both inverters upon
action of secondary control). The current (lapha, laipharer)
and voltage (Vaipha, Vaipharer) tracking in both inverters are
demonstrated in Figure. 14 (1V) —(VII).

The necessary MG and control parameters are given
in APPENDIX A.

Active & Reactive Power sharing
Inverterl (P)
on Inverter2 (P)
‘2 6000 Inverterl ()
= Inverter2 ()
T 4000
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& 2000
Rl L
0 1 2 3 4 5
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% 499
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4985 s [verter (f)
0 1 2 3 4 5
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Fig.14 (i) Active & Reactive power sharing vs time (ii)
Frequency, nominal frequency vs time (iii) Voltage
response vs time. (1V),(V) lalpha & lalpharef of INV1,
INV2. (VI),(VII) Valpha & Valpharef of INV1, INV2

5. CONCLUSION AND FUTURE WORK

The paper spotlights the role of secondary layer in the
hierarchy of microgrid control. Two network forming
inverters are considered with a local load for illustration.
Secondary control is activated after a specified time to
restore frequency as well as voltage to their nominal
values as a corrective measure. Control activation also
ensures sharing of power between inverters as seen in the
result section. The mechanism and implementation of
control is described through associated models. A
discretized SVM technique is utilized to convert
modulating signals into pulses to drive the power
electronics based inverters.

The error in reactive power mismatch between
inverters upon activation of second inverter is likely to be
addressed in the future work.

NOMENCLATURE

PCC: point of common coupling
n/w: network

o/p: output

SVM: space vector modulation
MG: microgrid

T/f: transfer function

PLL: phase locked loop

DG: distributed generator

LPF: low pass filter

PRC: proportional resonant compensator
VI: virtual impedance
MATLAB: matrix laboratory
INV: inverter

CDC: conventional droop control
BW: bandwidth
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APPENDIX A

Control parameters of microgrid are given in Table.2.
Table. 2. MG and its control parameters.

Parameter Denotion  Value Unit
DC voltage Ve 800 \%
Frequency- active My 125 microrad/Ws
power droop
coefficient
Frequency-active Mp 9.5 microrad/W
power derivative
droop coefficient
Voltage-reactive Ng 0.95 millivV/Var
power droop
coefficient
Virtual inductance Lv 0.9 milliH
Virtual resistance Ry 0 Q
Proportional gain Koy 0.1 AV
value of PRC
voltage controller
Integral gain value Kiv 0.1 AlVs
of PRC voltage
controller
Damping & 0.01
coefficient of PRC
voltage controller
Proportional gain Koi 12 AN
value of PRC
current controller
Integral gain value Kii 200 AlVs
of PRC current
controller
Damping & 0.1
coefficient of PRC
current controller
Output resistance of Ro1 0.5 Q
inverterl
Output inductance Lot 5 milliH
of inverterl
Filter capacitance Cn 10 microF
Damping resistance R#1 18.5 Q
Line resistance Ri1 0.065 Q
Line inductance Ly 1 milliH
Cutoff frequency of o 11 rad/s
LPF
Proportional gain of Kp 0.1

secondary control
(voltage correction)
Integral gain of Ki 0.2
secondary control
(voltage correction)
Proportional gain of Kp
secondary control
(frequency
correction)

0.0001
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Integral gain of Ki 95
secondary control
(frequency
correction)

The parameter values of second inverter (output
resistance, inductance, filter capacitance,damping
resistance, line resistance and inductance) are 1.15 times
the corresponding values of the first inverter.
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