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Abstract-This paper introduces a control strategy for the assessment of shunt active power filters (SAPF) role
in the electrical power networks. The proposed control scheme is based on the Lyapunov control theory and
defines a stable operating region for the interfaced converter during the integration time with the utility grid.
The compensation of instantaneous variations of reference current components in the control loop of SAPF in
ac-side, and dc-link voltage oscillations in dc-side of the proposed model, is thoroughly considered in the stable
operation of interfaced converter, which is the main contribution of this proposal in comparison with other
potential control approaches. The proposed control scheme can guarantee the injection of all harmonic
components of current and reactive power of grid-connected loads, with a fast dynamic response that results
in a unity power factor between the grid currents and voltages during the integration of SAPF into the power
grid. An extensive simulation study is performed, assessing the effectiveness of the proposed control strategy

in the utilization of SAPF in power networks.

Index Terms— Shunt active power filters (SAPF); voltage source converter (VSC); harmonic current

components; reactive power compensation.

L. Nomenclature
Indices Z%Fh,1 SAPF active power in harmonic frequencies
a,b,c P, Active power of SAPF
j d.g Oy Reactive power of SAPF
Variables V(%) Lyapunov Function
L Current components of SAPF r Radius of HCF
Vie dc-link voltage c Centre of HCF
Ve, Grid voltages U, Reference of switching state function
lgg Grid currents i;Fj Reference current of SAPF in dq frame
Load current o
i) Zisﬁﬂw harmonic currents injected by SAPF

n=2
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U, Switching state function of SAPF v, Voltage at the PCC

igps Current of SAPF in dq frame Iy dc-link current

v, Maximum voltage amplitude at the PCC Parameters

I av, Average values of reference currents R, Resistance of grid

Iy, Currents of SAPF in main frequency L, Inductance of grid

i Load harmonic components not supplied by R, Resistance of SAPF

Jhx SAPF

i% Harmonic current components of load L, Inductance of SAPF

n=2

Abbreviation R, Resistance of transformer

PI Proportional-Integral L, Inductance of transformer

CCF Capability Curve of Filter Ry, Sum of R, and g

SAPF Shunt Active Power Filter Ll Sumof z_and f_

HCF Harmonic Curve of Filter C Capacitor of dc link

THD Total Harmonic Distortion (@, p.) anstapt coefﬁ.ments for the dynamic state
switching functions

DLC Direct Lyapunov Control 0 Grid angular frequency

11. Introduction

Nonlinear loads connection to the power grid causes harmonic pollution through drawing
nonlinear currents from the utility grid. Circulation of these harmonic components of currents
throughout the feeders and the protection elements of the network generates Joule losses and
electromagnetic disseminations which can interfere with other components connected to the grid,
and adversely affect the performance of control loop and protection network in the whole system
[1-5]. This concept has been widely investigated as a major prohibition to achieve a pure source
of energy with a high power quality meeting the standard level of harmonic distortion, and unity
power factor in the main grid. To reach these goals, several structures of power filters i.e., passive
[6], shunt [7-8], series [9], and combination of shunt and series active filters with passive
components [10-11] have been presented as solutions in a polluted electric network. Among active
filter topologies, shunt active power filter (SAPF) with its naive implementation is paid more
attentions in both time and frequency domains to facilitate the compensation of harmonic currents
and reactive power of non-linear loads [12]. In [13], a digital implementation of fuzzy control
algorithm has been presented for the SAPF in power system. A control method is presented in [14]
for the control of a three-level neutral-point-clamped converter and the injection of harmonic
current components of nonlinear loads. The proposed control method can also guarantee a unity

power factor for the utility grid. A control plan also presented in [15] to reject the uncertainties



from the power grid. The proposed scheme is based on the fuzzy logic control theory and
guarantees a stable voltage across the dc-link of interfaced converter beside its fast dynamic
response in tracking the reference current. A model reference adaptive control technique is
presented in [16] for the single-phase SAPF to enhance the power factor of utility grid and drop
the harmonic contaminations from the line currents. A nonlinear control technique based on
feedback linearization theory is employed in [17] for the control of multilevel converter topologies
utilized as interfacing systems between the renewable energy resources and the distribution grid.
By utilization of this method, harmonic current components and reactive power of grid-connected
loads are supplied through the integration of renewable energy resources to the grid. In [18], an
adaptive linear neuron technique has been proposed as a harmonic extraction strategy for the
control of SAPF in power network. The performance of this control technique in compensation of
harmonic current components of nonlinear loads has been compared with the instantaneous
reactive power theory. Proposed control strategy in [19] is able to generate the reference current
of SAPF in a-b-c reference frame in which this reference generation process works in both the
three-phase and single-phase electric systems. Two integrated predictive and adaptive controllers
based on artificial neural networks (ANNs) are employed in [20] for SAPF, to perform a fast
estimation of reference current components and reach the first estimate through the convergence
of'the adaptive ANN based network algorithm. Dynamic state behaviour of dc-link voltage is used
in a predictive controller for the decline of total harmonic distortion (THD). An approach of active
filter allocation in DC traction networks is proposed in [21]. The filter allocation is accomplished
based on the most sensitive zones of power system in order to perform the allocation determination
according to the characteristics of dynamic performance in traction load. In [22], a control
algorithm based on equivalent fundamental positive-sequence voltage is proposed. The reference
currents of the proposed filter is achieved through a simplified adaptive linear combiner neural
network by the detection of voltage magnitude of source and phase angle at the fundamental
frequency, during the presence of distorted and unbalanced voltage sources and load currents.
Adaptive hysteresis bands in bipolar/unipolar forms are introduced in [23-26] for the development
of a current control method for APFs in order to achieve a higher quality of reference waveform
tracing, less switching losses and a lower cost of construction. A sliding-mode-based control
technique is presented in [27] to enhance the ability of tracing action, and power quality, and to

minimize the consumption of reactive power in both transient and steady state operating



conditions. In [28] and [29] a Lyapunov function, based on the state variables of a single phase
SAPF is used to decrease the harmonic level and to improve the power quality of system during
the connection of various nonlinear loads to the grid. Furthermore, a modified technique has been
proposed to achieve a global stability for the interfacing system and to reject the ripple of dc-side
voltage components [29]. A Direct Lyapunov control method proposed in [30] for the control of
SAPF combined with series-passive filter. The proposed control technique improves the power
quality of utility grid by the injection of harmonic current components during the connection of
nonlinear loads to the grid. Several other potential control algorithms have been presented in
previous papers and reports to enhance the power quality of the grid. In this paper, the authors are
proposing a control scheme for the stable operation of SAPF during the integration into the power
grid. The compensation of instantaneous variations of reference currents caused by the harmonic
current components of nonlinear loads and, dc-link voltage oscillations in dc-side voltage, on the
operation of interfaced converter are considered properly which is the main contribution of this
work.

The rest of the paper is organized into five sections. Following the introduction, general schematic
diagram of the proposed SAPF will be introduced in section III and elaborated properly in the
steady state operating mode. Application of Lyapunov control theory for the control and stable
operation of interfacing system during transient and steady-state operating conditions will be
presented in section IV. Moreover, simulations are performed to demonstrate the efficiency and
applicability of the developed control plan in section V. Eventually, some conclusions are drawn

in section V1.

III.  Proposed Model Analysis

Schematic diagram of the proposed SAPF model is illustrated in Fig.1. The proposed model is
composed of a three phase voltage-source converter with a dc-link voltage. By using a three phase
static transformer, the filter is connected into the utility grid and a three phase diode-bridge rectifier
with a resistor load acts as a nonlinear load, which draws a current with harmonic components
from the main grid, continuously. The proposed topology is connected in parallel to the grid, and
compensates total harmonic current components during the dynamic and steady state operating
conditions. In order to investigate the dynamic response of the proposed control plan, the switch,

swl, is utilized to integrate the SAPF into the grid, abruptly.



Figure 1

A. Analysis of Harmonic Current Compensation

The main objectives of SAPF are to produce total harmonic currents sunk by the nonlinear loads
and to achieve a unit power factor for the utility grid. Dynamic equations of the proposed model

developed to design an effective control scheme are as follows,

v diSF, L -
L. _dt +RSFZSE, —a)LSFZSFq +u, V, —V, = 0
L R ol _0 M
SF 7"’ spisy, T OLgplsy, Uy, V.=V, =
dv
3 . C
Cz—ueqdzsﬁi ~ Uy Lo+ =0

By considering the reference values of currents and voltages for steady state operating condition

of model, Eq. (1) can be extended as,
di (2)

" SFd vk " Jk * * _
Ly i + Ryl — wLSFlSE] +u,, v, —v,=0

' dl;F [— ' * * * (3)
L, —~+Ri,. +oL,i, +u,v =0

SF dt SF"SF, SF"SF, eq, ¢
Uy, L, ey L -1,=0 4)

According to (2) and (3), switching state functions of interfaced converter for the steady state

operating condition can be obtained as,

L _R,.;‘F [i dl;Fd n K a)ESF * A ] (5)

m

1 —— 1
e, . ' SF, T s Ty
{ v, \Rg dt " Ry 77 Ry
L e , (6)
o _RSF LSF dlSFq n K n a)LSF l,*
w =\ R dr b,
Ve s dl SF
By considering average values of instantaneous variations in reference current components of
proposed SAPF as,
dig, - di, i (7)
dt av,’ dt av,

and substituting equations (5)-(7) in (4), Eq. (8) can be expressed as,



R i +R " +(fav ZSF—V )i;F +1 L i +vI =0 (8)

SESF, SFlSF m av ~—SF'SF ¢ dc
q q q

Equation (8) can be rewritten as,

o : N 2 . )
K Iavd LSF - Vm ¥ LSFIavq (Iavd LSF - vm) + Iavq LSF - 4RSFV01dc
lSFd +72R, + lSFq + 2R' = 4R'2
SF SF SF

Equation (9) can be plotted as indicated in Fig. 2. As can be seen from this figure, the injected

current components from the SAPF to the grid should be located inside a circle which is based on

L,.-v Ll
the reference current components, with a centre of |- " " " @ | and a radius of
2R 2R

SF SF

~ 2 L .
, ) 2 -
(]avd LSF - vm) + IaquSF - 4RSFVcIdc

2

4R

SF

Figure 2

For the compensation of harmonic current components of loads, reference current components in

the control loop of SAPF should be defined as,

- 2 . (10)
Ise = Loy + Z Lsr,
n=2

x N (11)
Lo, = I srq T Z Lsr,,

n=2
Based on the objectives of SAPF, the g-components of current in control loop of SAPF should be
defined based on g-component of load current at both the main and harmonic frequencies, to reach
a unity value for the power factor of utility grid. Furthermore, d-component of load current in the

fundamental frequency should be sourced by the grid; consequently /;,, =0. By substituting

equations (10) and (11) in (9), Eq. 12 can be expressed as,

" ' ~ 2 ~ " 2 72 2 " *
°° ] L -V - 2R I +L [ _([zlvdLSF_vm) +IaquSF_4RSFVc[dc

K av, ~SF m K SF~ SFq SF™ av
I +—"———| +| )i, + — L= 5
n=2 in 2 RSF n=2 fhn 2 RSF 4 R

SF

(12)



v 2R.I. +L._I

I L
Equation (11) is the equation of a circle with the centre of ¢=| - " " 57 SRy SF v,

R 2R

SF SF

I L,-v 2+i2'z 4R V']
(7., Lo =v,) +12, _a

and the radius of = as illustrated in Fig.3. This circle

4R’

SF
demonstrates the capacity of proposed SAPF for generating d and q components of total harmonic
currents, which is called as the Harmonic Curve of Filter (HCF). As evident, a typical load
consumption region which is surrounded by the HCF, clarifies the maximum capacity of interfaced

converter in the proposed SAPF at the final covering point.

Figure 3

During the operation mode, the d-axis current of SAPF should be as follows,

2

~ ' 2 ~ 2 T ~ '
- Jk (IavdLSF - vm) + 12 4RSFvcldc . LSF]av Iav LSF - Vm
2 ls[:d = ,zq - ll + ' : - ‘ ' (1 3)
n=2 n 4RSF ! ZRSF 2RSF

Moreover, the d and q components of load current in harmonic frequencies are defined as,

Z b, Z Isg, T, (1

n=2

P o : (15)
Z l/‘/hn - Z lSF‘Ihn + lqu
n=2 n=2
where i, and i, are fundamental components of loads which are not supplied through the SAPF.
According to (12), (14), and (15), Eq. (16) can be calculated as,

- i L 2R i v Y (= 2R I. +I.J -2R. i

2

. av, ~SF SFd,, m . SE™ SFq SF™av, SF"q),

E i+ R + E’z + , (16)
hn 2R > U 2R

n=2 SF n= SF

I Lo—v )+, 4R VI
m av, Si SF "¢ dc

4R"

SF
Equation (16) clarifies the harmonic consumption area for the load and is called the harmonic
curve of load (HCL). Figure 4 shows the sequential process of approaching the HCF in order to

increase the possibility of compensating for the harmonic current components of loads.



Figure 4

It is clear that the operation of SAPF can be even more effective for the load, if i ;. =0 and i, —>0

. Furthermore, d and q components of load current in the main frequency should be supplied via

the main grid and SAPF respectively then, /g, — 1, and I, > 1, .

a9

B. Reactive Power Compensation Analysis

By considering 7, =iy + jig. , V,, =v,+jv, and Sy as the output current, voltage, and power

outgp

of SAPF respectively, Eq. (17) can be expressed as,

5

SSF = V:)uts,, quz‘s,.- = ])SF' + jQSF (1 7)
By applying the stable operating conditions to the Eq. (17), active and reactive power of SAPF can

be achieved as,

PSF = vmi;Fd (1 8)
Oy = _Vmi;E] (19)
By substituting (18) and (19) in (9), Eq. (20) can be obtained as,
~ , 2 ' ~ ~ ' 2 ~ 2 ' * 20
Iav meSF - V; LSva[av (Iuv,LSF - Vm) + ]jv LSF - 4RSFchdc 2 ( )
R T R [ L 2
2R 2R 4R

SF SF SF

The proposed SAPF should generate the total reactive power of load and total harmonic

components of active power; therefore,

- , 2 S - 2 o, . D (21)
. 1 av,Vm L. - V,i Ly, 1 a, (I av, Ly -v, ) +1 av, Ly =4Rgv 1, 2

YA ) I S A a »:

o o 2R 2R, 4R

SF SF

where  P.. is the total harmonic frequencies of active power, injected through the SAPF.
Sth q p J g
n=2

Equation (21) is drawn in Fig. 5, which is called as capability curve of the filter (CCF). CCF shows
the maximum capability of SAPF for injection of harmonic current components and achieving a
unit power factor in the utility grid. The maximum area of a load which can be supplied by the

CCF is demonstrated in Fig. 5 and is limited as the final covering point.

Figure 5



IV.  Dynamic State Analysis of the Proposed Model

Sudden interconnections of SAPF into the power grid and load increment or decrement leads to
some distortions in the control loop of SAPF. Proposed control scheme should be designed to track
the unpredictable changes and to enable the variables of controller to follow the reference values,
precisely. To reach a stable control model with a fast dynamic response during the presence of
dynamic changes in the parameters of network is the main aim of this section.

A. Direct Lyapunov Control (DLC) Method

If the state variables of SAPF are kept out from their desired values, the system will be shifted into
an unstable region. DLC method maintains the system in asymptotic stability area with each initial
condition which is called as global asymptotical stability and helps the state variables to reach their
equilibrium points during the presence of large disturbances, with a fast transient response. A
system with total energy function of V(x) would be considered as a stable system, if it meets the
following conditions,

V (O) =0

V (x) >0 Vx=0

V(x) o0 as|x| o0 (22)
dv (x)

—=<0 Vx=z0
dt

By defining the error variables of SAPF asx; =ig. —ig. , x, =lgr i and x, =v, —v,, V(x) can

be expressed as,

1. 1. 1 (23)
V(x) = ELSFX]Z +5LSFx22 +5Cx32

The switching functions of interfaced converter in SAPF are defined as,

U, = u:qd +U,, (24)
- 2
Uy =l TU,, (25)

whereU, (i=d,q) are dynamic parts of the switching state functions in the interfaced converter.

Considering the conditions given in (22),

dV(x) . dx, . dx dx
It = LSFxl 7;+LSFx27;+Cx3d_;< 0

(26)




According to (1) and substituting the defined error variables, the derivative part of (26) can be

expressed as,

0 (_1; I -R.i, +oL,i +em)

' ) ' ! SF™av, SF, SF SFq

LSF Tz’t = —RSFx1 + a)LSsz - e X, = Ueqdvc te,
c
. - Do 27)

. dx, , : (_LSFI av, ” RSFZSFq - wLSFlSFd )

Ly, dt =-Ryx,-wlLyx - e Xy~ Uequc
c
- v (- - x T
dx, (_LSFI av, RSFZSFd + wLSFlSFq + em) (_LSFI av, ” RCZSFq - wLSFlSFd ) .
C—= . X, + . x,+U, i,
dt v v fa >la
c c
+Ueq lSF - (ldc - Idc)
q q
By substituting (27) and defined error values each part of (26) can be obtained as,
o dx \ ,
L 2 *
Lgox, i —Rgox; + 0Lgx, X, Uy, "1 %s _Ueq,,xlvc +xe,
dx | , (28)
2 _ 2 _ ) _

Lg.x, i Ryxy —Lg:x,x, Ugg, X2 X3 Ueqq XV,

X. * * — —
3 _ + . U x.i X, (I
CX3 _t = ueq,, X3 X, + ueqq X3X, Ueq,, x3lspd eq, 3lSFq 3 (ldc Idc )

By substituting (28) in (26), derivative of total energy in proposed model can be obtained as,
dV(x) . (29)

! . 0 2 ! . o 2 *, K *, o
r =—Ry (ZSF,, “Lr, ) — Ry, (lSFq L, ) - Ueq,, (VCZSF;, —Velsr, ) - Ueqq (VJSF,I Vs, )

_(idc _Idc)(vc _V:)

According to Eq. (29), dynamic part of the switching state functions in the proposed SAPF can be

achieved as,

U, :a(VZiSFd —vci;Fd ) (30)
*, .* 31
Ueqq :ﬂ(VCZSE, _VCZSE,) ( )

Equations (29) and (30) are used for the stabilization of closed loop control during the dynamic
changes. dc-voltage fluctuations lead to interference in the performance of DLC method and
operation of SAPF. In order to eliminate these interferences and their negative impacts, value of

v, should tend to the value of v, .



B. Impacts of acand B in DLC method

The constant and positive coefficients of o and [ are considered as important factors for

regulating the operation of SAPF to reach a unity power factor in the utility grid and improve the
THD of grid currents with a fast transient response during the load changes and sudden integration

of SAPF into the main grid. In order to investigate the impacts of o and £ in the performance of

DLC method, dynamic model of SAPF should be analysed during the presence of error in variables

of the proposed model,
. dx , , . (32)
L. 7; +Rgex, —oLg.x, +u,, x,+U, v, — (vd -V, ) =0
. dx , , . (33)
L. 7; + Ropx, + 0Lgpx, +u,, X, +U,, v, =v, =0
(34)

dx
3 * * _ . _
C;—u%xl —Uy, %, =U,, Igr =U,

+ (i —1,.)=0

i
eq, SF,

With respect to the dynamic part of switching state functions of interfaced converter, equations

(32)-(34) can be linearized around an operating points as,

dx ~R,. —av’ Qi Vv, —u, vV, —v
_1: # x1+(a))x2+ d 'C eqy x3+( d m)

dt L. L. L.
, « K3 * * 3 5)
—R. —By? Pig-v. —u, v (
ﬁ:—(a))xl+( SF_ pv. ]x2+ Ty , & Xy +——
dt Ly L, L,

* ok * sk * ) ) )
dx, [ QVg, +u,, s ﬂvclSFq +t,, ~ Qg +ﬂzSFq N I, —i,
= X Xy X3
dt C C C C

The state matrix of SAPF in both dynamic and steady state operating conditions can be obtained

as,
r f *) K3 * * T

—Rg —av, Al Ve ~ Uy,

Ly Ly
i *2 ﬂi* v* _ u* 3 6
A= —w _RSF —ﬂvc SF, "c eq, ( )

Ly Ly

* ok * * K * ) )

av,ig +u, ﬂvczSFq +t,, aig + ﬁ’qu
C C C




All inherent frequencies of the proposed model can be achieved by solving matrix A. Apparently,
the natural frequencies of the proposed SAPF state variables are highly dependent on o and 3 ;
therefore, the stable region of the model is enhanced by a proper selection of these coefficients.
Figure 6 shows the impact of dynamic gains variation on the THD of grid current in phase “a”. As
can be seen, while the coefficients are increased, the value of THD is noticeably decreased and
remains in a constant value around 0.6 % for the last three coefficient values. Power factor between
the grid current and the voltage of phase “a” and also transient time responses during the sudden
connection of SAPF are changed by the variations in dynamic gains, according to Table 1. Table
1 clarifies that, the PF is improved while the coefficients are increased and power factor of the grid
reaches the unity value for the gains more than le-5. On the other hand, the transient time

significantly reduced by increasing the values of dynamic gains.

Figure 6
Table 1

V. Results and Discussions

The proposed model in Fig.1 is simulated through Matlab/Simulink platform, to validate the
performance of DLC technique in a SAPF application. General schematic diagram of SAPF
including DLC structure is depicted in Fig. 7. The simulation parameters are given in Table 2. A
three phase diode rectifier with a 30€2 resistive load has been considered as a nonlinear load which
is connected to the main grid and draws a nonlinear current continuously from the utility grid. In
order to evaluate the dynamic and the steady-state responses of DLC technique and harmonic

current compensation of nonlinear load, SAPF is connected to the grid through the sw1.
Figure 7

Table 2

A. Interconnection of SAPF to the utility grid

In this section, the capability of DLC method is evaluated during the connection of SAPF into the
grid and the presence of nonlinear loads. Before connection of SAPF to the grid, a nonlinear load

is connected to the grid and draws harmonic current components from the utility source. This



process is continued until t=0.1 sec, where SAPF is connected to the grid through the swl. Figure
8 indicates the load, grid, and SAPF currents before and after integration of SAPF into the power
grid. As can be seen, before the integration of SAPF into the grid, all components of the load
current are injected through the grid, but after the connection of SAPF to the grid, supplied current
by the utility grid to the load is sinusoidal and free of harmonic components; then, all the harmonic

components of the load current are supplied through the SAPF.

Figure 8

The capability of DLC technique in following the reference current components in the control loop
of SAPF is demonstrated in Fig. 9. As shown in this figure, after the connection of SAPF to the
grid, all the harmonic parts of d-component in the load current are generated through the SAPF
which confirms that the grid only generates the d-component of the load current at the main
frequency. In addition, when SAPF is connected to the grid, both harmonic and main frequencies
of the load current in g-axis are supplied through the SAPF; therefore, the injected current from

grid to the load is free of q-component.

Figure 9

B. Active and reactive power sharing

Active and reactive power generation through the SAPF is another objective ofthe DLC technique.
Figure 10 shows the active power sharing between the SAPF, the load, and the grid. As apparent
in this figure, total harmonic portion of the load active power is injected via the SAPF and utility

grid only sources constant active power of 7.5 kW which is in the fundamental frequency.

Figure 10

Figure 11 shows the reactive power sharing between the SAPF, the load, and the main grid.
According to this figure, after the connection of SAPF, total reactive power of load is entirely
supplied through the SAPF and the reactive power provided by the grid is reduced to the zero. This
figure confirms the capability of DLC method to compensate the load reactive power and the

application of SAPF as a power factor correction device.

Figure 11



C. THD and Power Factor Analysis

Achieving unity power factor for the grid and reaching a low THD for the current injected from
the grid, are the two main objectives of DLC technique in the proposed SAPF control scheme.
Figure 12 shows the grid voltage and current at phase “a”. As indicated in this figure, after the
connection of SAPF into the grid, grid current is sinusoidal and in phase with the load voltage.
Therefore, the drawn current from the grid is free of harmonic current components and also
reactive power components; then, a unity power factor is achieved immediately after connection
of SAPF. Figure 13 depicts the power factor between the voltage and the current of the grid in
phase (a), before and after the connection of SAPF to the grid. As can be seen, after the connection
of SAPF, power factor of utility grid reaches the unity value. Power factor values in three phases

of utility grid are presented in table 3, before and after the connection of SAPF to the utility grid.

Figure 12
Figure 13

Table 3

Figure 14 shows the THD of the load and the grid currents during the connection of SAPF into the
grid. This confirms an appropriate performance of DLC technique in decreasing the harmonic
current components of the grid current during the presence of nonlinear loads. THDs of the grid
currents are given in table 4, before and after the connection of SAPF which demonstrates the

performance of DLC method in compensation of harmonic current components of nonlinear loads.

Figure 14

Table 4

VI. Conclusion

The paper has presented and analysed the utilization of shunt active power filter (SAPF) in power
grids. A control scheme based on the Lyapunov control theory has been proposed for the grid

connection and the stable operation of SAPF during its integration with utility grid. General model



of the proposed plan was developed in dynamic and steady state operating conditions and impacts
of different parameters on the stable operation of interfaced converter has been properly
considered. An extensive simulation analysis has been carried out, evaluating the performance of
the proposed control plan for the compensation of nonlinearity caused through the connection of
nonlinear loads to the main grid. In all the durations, simulation results confirmed the injection of
harmonic current components and reactive power of nonlinear loads from SAPF. By this
assumption, the injected current from the grid to the nonlinear load achieved sinusoidal shape and
was free of any reactive power and harmonic current components; then, the power factor between
the grid current and voltage reached a unity value. The proposed control strategy can be used for
the integration of renewable energy resources as power quality enhancement device in a custom

power distribution network during the presence of industrial loads.
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Fig.6. Impacts of variations of dynamic gains on THD of grid current.
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SAPF to the grid.
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Tables

Table 1. Impacts of variations of dynamic gains on power factor and Transient Responses.

a, B le-7 | le-6 | le-5 | le-4 | 1e-3 | le-2 | le-1 | 1
Power Factor (%) 50.31 | 77.1 | 99.06 | 100 | 100 | 100 | 100 | 100
Transient Response (ms) | eps 80 60 30 20 20 20 | 20

Table 2. Simulation parameters.

Grid Voltage 380 rms V
Input Voltage 1000 volt DC
Main Frequency 50 Hz
Inverter Resistance 0.1 Q
Inverter Inductance 0.45 mH

a 0.01

B 0.001
Switching Frequency | 10 kHz
SAPF Power Rating 19 kVA




Table 3. Power Factor analysis.

PF Grid Before After
Connection | Connection
PF1 (%) 88.5 100
PF2 (%) 88.4 100
PF3 (%) 88.6 100

Table 4. THD of grid currents.

Grid Currents | Before Connection | After Connection

i (%) 16.6 0.6

i (%) 16.51 0.61

i (%) 16.42 0.62




