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Abstract—This paper presents a Direct Lyapunov based control technique for active power filtering in
electric grids. The proposed technique through the interfacing system is designed with the goal to compensate
the harmonic current components and reactive power provoked by the nonlinear grid-connected loads. In the
method, based on multilevel converter topologies, active power in fundamental frequency isinjected from the
main grid, which results in unity power factor (PF) between grid currents and load voltages. The
performance of the proposed control technique in a Shunt Active Power Filter (SAPF) model is validated in
both dynamic and steady-state operating conditions. The simulation results show that the proposed scheme
can effectively compensate the system background harmonics and improve the performance of the line
current harmonics. The main benefit of this approach isthat it prevents current overshoot as the proposed

model connectsto thegrid.

Index Terms—Shunt Active Power Filter, Direct Lyapunov M ethod, M ultilevel Converter, Distribution Grid

l. Nomenclature

Indices Aug, Aty Dynamic part of switching functions
j 1,2 Sy Nominal power of VSC in SAPF

[ ab,c Ps,Qs Active and reactive power of SAPF
K 1234 ipmn SAPF injected harmonicsin the d-axis
Variables \n;z(x) Lyapunov function

Ve Ve, dc-voltage of capacitors Abbreviations

\ Load voltages SAPF Shunt Active Power Filter

V..V, Load voltagesin the dq frame NPC Neutral Point Clamped

g dc-link current VSC Voltage Source Converter

sk, SAPF currentsin abc frame HC Harmonic Curve

i, e, SAPF currentsin dq frame cCc Capability Curve

i, ,i;cq SAPF reference currentsin dq frame THD Total Harmonic Distortion
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lq o1, SAPF and load currents of main frequency S, Stability area of SAPF

I, Average values of SAPF currents S Absorption area of SAPF equilibrium points
j Radius of i;:d Versus i;q \V, Maximum amplitude of load voltages

¢ Radius of SAPFHC v, dc-link voltage in steady state

¢ Radius of SAPF CC |dc dc-link current in steady state

(-a,-b) Center of i;Fd versusi;:q Rg: Sum of filter and transformer resi stances
(-a.-) Center of SAPF HC Ly Sum of filter and transformer inductances
(-&.-F)  Center of Load HC c Capacity of dc-link

(_&”,_ﬁ”) Center of SAPF CC W Grid frequency

Switching state functions of model Dynamic gains of SAPF

Switching state functions in steady state

Ueg,

U,

S Switching of transistorsin each leg

i Maximum active power of the loads in
n=2

>

[
£ 8

ot harmonic frequencies

Q Maximum reactive power of loads in
£ o harmonic frequencies

. I ntroduction

The rapidly growing use of power electronic-based devices such as thyristor and transistor
converters, diode rectifiers, arc furnaces, electric variable speed drives, etc, which draw
nonlinear currents from the main source in many industrial companies over the recent years has
resulted in generation of large amount of harmonic currents in electric power grid [1-3].
Harmonics generated by these devices not only cause malfunction in the operation of other linear
appliances, which increase the total losses in the electric network but also produce unwanted
disturbance to the communication network, more voltage and/or current stress, etc. [4].

To tackle this problem, different mitigation strategies have been proposed in the literature. Such
solution approaches include selective harmonics elimination control technique based on pole-
zero cancelation in load transform function [5], feedback linearization theory and pole placement
strategy for harmonic compensation [6], and optimal control technique in abc frame for
harmonics elimination and power quality improvement during connection of nonlinear and



unbalanced loads to the grid [7] were found to decrease the negative impacts of these frequencies
on the utility grid.

Severa other strategies in the Active Power Filter (APF) technology for compensation of
harmonic current components of nonlinear loads in power network have been proposed. For
instance, a multi-loop error generator in dynamic state condition combined with a dc voltage
tracking control loop for harmonics filtering in the power grids is proposed in [8]. The
performance of the technique was compared with APF and passive filter in the study. Similarly,
some predictive and adaptive control techniques based on the behaviour of the system are
proposed [9] for fast estimation and tracking of the reference current components in the control
loop of APF. Two ANN-based controllers are used in the approach.

Generally, voltage source converter (VSC) is considered as the heart of the interfacing system in
APF technology in high-power system multilevel converters. It is a good trade-off solution
between performance and cost. The main advantages of multilevel converters are reduced
voltage ratings for the switches, good harmonic spectrum which makes possible the use of
smaller and less expensive filters, and fast dynamic response in tracking the reference values
[10]-[12]. However, the complexity of the control method is increased in this topology. Other
control techniques of multilevel converter topologies in APF application, proposed in the
literature include [13] and [14].

In [15], a control technique based on the direct current space vector technique for Neutral Point
Clamped (NPC) VSC is proposed. The main objective of the technique is to inject harmonic
current components and compensation of the reactive power in the fundamenta frequency to fix
aunity power factor (PF) of the main grid. Our previous work [16] proposed a control technique
based on instantaneous active and reactive current for NPC as an interfacing system in the APF.
The proposed control technique guarantees injection of a sinusoidal current from the main grid
that is in phase with the load voltage during the connection of nonlinear loads to the grid. Also,
ref [17] proposed a genera control technique of multilevel converter topologies for integration of
renewable energy resources to the grid. In other words, this control technique makes possible the
connection of any type of renewable energy resources to the grid via a multilevel converter. It
also supplies the harmonic currents of nonlinear grid-connected loads.

Of different control techniques in APF applications, Direct Lyapunov Method (DLM) can
guarantee an asymptotic stability for system which leads the system variables to their reference
values in both dynamic and steady state operating conditions [18]-[20]. In this paper, a control



strategy based on DLM is presented for control of NPC voltage source converter in a Shunt
Active Power Filter (SAPF) application. The proposed control technique can guarantee injection
of harmonic current components, and compensate the reactive power of the grid-connected load
in both dynamic and steady state operating conditions. The performance of the proposed control
technique is validated through simulation results using Matlab/Simulink in both transient and

steady state operating conditions.

[11.  The Proposed Model

Figure 1 shows the general schematic diagram of the SAPF, connected to the grid via a three
phase A/Y transformer. An NPC voltage source converter is the heart of the interfacing system
between the energy source and electric grid. It can inject harmonic current components from the
source to the grid to supply the harmonic current frequencies of the grid-connected loads. In this
study, a three phase diode bridge rectifier with a resistive load is considered as nonlinear |oad

which continuously draws harmonic currents from the utility grid.
A. Dynamic model of SAPF

To design the appropriate control technique for the interfacing system, the dynamic model of the
proposed SAPF should first be evaluated. By applying the Kirchhoff’s voltage and current laws
to the ac and dc sides of the interfacing system in Fig.1, three differential equations in the

stationary reference frame can be expressed as presented in eg. (1).
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From eg. (1), the equivalent switching state functions of the interfacing system can be obtained

as,
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Substituting eg. (2) in eg. (1), and using the Park transformation matrix, the general state space
equations of the model, obtained in the dq reference frame, are presented in egs. (3) to (6).

. di . .
Ls ;’tzd + Ry, ~Wlgig +Ug V, +Ug V. -V, =0 3)
Cdig -
Ly e “+Relg +Whaie, +Ug V, +Ug V, —V,=0 4)
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©)
dv,
C— g, Ui, +iee =0 (6)

B. Harmonic compensation capability of SAPF

To design an efficient control technique for the interfacing system, there is a need to evaluate the
capability of the SAPF in the injection of harmonic current components into the system. The
assumption here is that the reference voltage vector is considered in the direction of d-axis vector
to fix a stable voltage for the grid and load, thereby making g-axis vector of the load voltage zero
(Vq=0). In addition, the proposed model should inject the total harmonic current components of
load. In other words,

Sy, i =it ™

q q

Similarly, the dc link voltage values and equivalent switching state functions of interfacing

I =,

system in the steady state condition can be expressed as,



u =u. =u (8

By replacing the steady state conditions in equations (3) - (6), new state-space equations for the

proposed model are obtained as follows:

d -
SF“ + Relg, ~Whig +Ug Vo +Ugg Vi =V, =0 9)
Cdig
Ly d—t“+ Reig, +Whelg, +Ug Vi +Ugg Vi =0 (10)
U ise, +Ung i, —16=0 (11)

From egs. (9) and (10), a set of switching state functions of the model in the steady-state

condition can be achieved as,

Uy, = _RSE[ s B, +ig —%i; —V”‘J (12)
Re dt ™ R ™ Rg
i, _Z\%[Ri d:jt +|$q+%i;dJ (13)

The average values of instantaneous variations in the reference current components in the control

loop of SAPF are defined as given in eg. (14).

Yoo, —ea] (14)

If egs. (12), (13) and (14) are substituted in (11); the genera state space model of the SAPF is
obtained as eg. (15), which can further be ssimplified as eq. (16).

SF SF SF"SF, SF"SF,

Ry + Ry +(I,, Ly =V, )iy +1,, Lty +2V,0, =0 (15)
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Looking critically at eq. (16), it is observed that it resembles the genera form of equation of a

circle, which can be simplified as,
(i, +a) +(is, +b) =i 2 17)
By comparing (16) with (17), a and b, which are respectively the horizontal and vertical

coordinates of the center of the circle, as well as @, which is the radius of the circle, can be

obtained as,
- IavdLSF _Vm
2R,
/5 _ LSF av,
2R,
o= (1 av, LSF - Vm) +1 jqu;F - SR;FVc;CI de

4R.

SF
Figure 2 illustrates the general model of a circle mentioned above in (17). It is used to determine
the area required for the SAPF to generate dc and alternative current components in the d and q

reference frames.

The aim of DLM is to control the NPC voltage source converter to generate the load aternative
current components and achieve a unity PF in the electric grid. Therefore, the reference currents

in the control 1oop of the SAPF can be written as,

.k s .k (18)
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By substituting equations (18) and (19) into (17), eq. (20) is obtained as follows,
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Equation (20) is again the genera equation of a circle with center (—07,—/3’) and radius of ¢ as

depicted in Fig. 3, called Harmonic Curve (HC) in the SAPF. This curve shows the capability of
the SAPF in compensating the nonlinear load harmonic current components. As it can be seen in

Fig. 4, SAPF can supply the harmonic currents required in atypical load.

For aproper and efficient operation of the SAPF in eg. (20), the harmonic current componentsin

the d-axis should fulfil the condition in (21).

kil ~ 2
3, =\/¢2—(il +f-1,, | -a (21)
n=2 Yin ! &

The tota injected harmonic current components from the SAPF to the load is guided by the
equation of the load curve, which is expressed as,

Fig. 5 compares the proposed SAPF curves and that of the load. As can be seen from this figure,

if @ —=a-i and ' —  which are obtained from the l, g, and 1, —1g , the capability

1

of the SAPF in supplying the load current is increased. Given this, only the active power in the
fundamental frequency isinjected from the main grid to the load and the rest of the currents — the



harmonic current components of load current in d-axis and the total load current components in

the g-axis — are supplied by the SAPF.
C. Active and Reactive power of SAPF

The region of active and reactive power generated by the SAPF in the steady state should be
determined in order to validate the maximum capacity of the SAPF in terms of harmonic

injection.
Consideringl,,_ =ig, + jig Vou, =Va+ ]V, ad S¢ as output current, voltage and power of the

SAPF respectively, the injected active and reactive power from the SAPF can be obtained as:
S¢ =V0*u1§ Iouts; =Ps + JQSF (23)

Applying the steady state conditions to (23), the injected active and reactive power from the
SAPF to the grid in the steady state can be expressed as,

Pr =V,ig, (24)
Qg =-V.ig (25)
By putting equations (24) and (25) into (17), eg. (26) is obtained.

(Pe +aV,,) +(Qe —bVy) = (i V)’ (26)
Considering the objective of DML control technique, (26) can be rewritten as,

(27)
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Equation (27) is the equation of a circle with radius of ¢ and center of (—d”,—/S’”) which is

determined in Fig. 6, and called Capability Curve (CC) in the SAPF. It should be added that CC
validates the capability of the SAPF in supplying the load harmonic current components and
achieving unity PF by injecting reactive power in the fundamental frequency into the electric
grid. The areas that can be supported by the SAPF are determined in Fig. 6.

IV. Dynamic-State Evaluation of SAPF

The unexpected and sudden changes in the load and model parameters lead to some problems in
current control loop of the SAPF. In this section, the impacts of the undesired changes are
studied through the dynamic state analysis of the proposed model for the design of the

appropriate control technique.
A. Direct Lyapunov Method (DLM)

Three different descriptions which are related to the stability of SAPF are shown in Fig. 7. From
the figure, DLM leads to asymptotic stability of the system with each initia state during dynamic
changes (curve 1) to avoid marginal stability (curve 2) and absolute instability (curve 3) of the
system. As it can be seen from curvel, the state spaces variables of the SAPF comes close
globally to their reference values in the proposed control technique. This method is based on the
total energy of system.

Considering V(x) as total energy function in the SAPF and the following assumptions,

)
; (28)
)

where V(X) is generally defined as,

1 . 1 . 1 1
V(x)=§Lscxf+§LSFx22+§Cx§+§fo (29)



X =lg, —ig, (30)
X, =g, ~ic, (31)
X =Ve, —Vi (32)
X =Ve, —Vi, (33)

The switching state functions of the interfaced converter in the proposed model are defined as,

Uy, =g, +AU, (34)
Uy, = U, +AU,, (35)
Uy, = u;qq + AUy, (36)
Uy, = u;qq +AU, (37)

Taking into account the assumptions in (28) and the general equation of (29), eq. (38) is obtained

as,

V( ) Lxx +L %x +Cx,x, +Cx,x, <0 (38)

SF™1771 SF™"27"2

Considering equations (3)-(6) and (30)-(33), different parts in (38) can be calculated separately

as,
L . R' 2 R' . K L E . K
s X = T Rgplge + Ryl Lge + O SFZSF sk, ~ Phselse L, (39)
V . K V . V * j’ . S
Uy, Ve \Bse, Thse, ) T ey Ve \bsE, T + Fd Lor, )™ L, \Ese, ~ s,
' . v L K
Ly x,x, = _RSFZSEI + RSFZSFLIZSFq - wLSFlSF sk, t wLSFlSF s, (40)
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Substituting (39)-(42) in (38), eq. (43) is achieved.

V(x) = —R'SFZ';F[I _R:S'FiéFq —;ji(VCl +VC2)1';23 - R;i ( ¢ Ve )l;zr - Aueqdl (Vdiisa, _Vc,i;Fd)_

e 2V, S (43)

* S * K . o
Aueq » (VdclSFd B VC:lSFd ) - Aueqql (VdclSFq - VCIZSFq ) B Aueqqz (VdclSFq - VCZZSFq )

If the capacitor voltage on the dc side of the interfacing system is tuned to the reference values

(Vq +Vg, —2V,.), the proposed control technique works efficiently during harmonic currents
injection.

Equations (44)-(47) demonstrate the equival ent switching functions of the dynamic section in the
SAPF which make the control 1oop have arobust reaction against undesirable disturbances.

Aug, =1, (Vaig, ~Vois, ) (44)
Ay, =1, (Vads, ~Ve iz, ) (45)
Aug =1, (Vd*ciqu Vs, ) (46)
Aug, = 4(v;ciSFq —chi;Fq) (47)

B. Impact of coefficient values

The changes in the values of | ;in the proposed SAPF noticeably impact on the THD of the grid

currents, the grid PF, as well as the dynamic response of DLM during the transient period. The
impacts of coefficient variations can be surveyed through the inherent frequencies in the close

loop control of the SAPF.



Based on the definition in (30)-(33) and with reference to egs. (3)-(6), a new set of dynamic

equations for the proposed model are achieved as,

L'S: % + Rg:Xi _WES: XZ + ueClmXS + ue%zx4 + Aumdlv‘;c + Aueqdzvgc =0

Ls ddX2+RSFx2+WLSCX1+u X+ Ug X, +AU VdC+Au Vdc 0

d -k -
Cd_);s e%ixl g1 X2 eqfﬂ d _ueqq1|5':q +IdC:O

C%—u —-u —U_ e —U_ g +i, =0
dt eq,le eﬂqzxz ey, Sy ey SFy © de

Substituting (34)-(37) into the (48)-(51), we have,

AV AV, —u Aic Vo —u.
" de 2" de xl+(a))x2+ 1"SF, fl 4 x,+ 2'SF, 51 4 x,
L L L

SF SF SF

* *

. )t V A4Vdc A’SiSFq Vdc - ueqq A4iSFq Vdc - ueqq
X2=—(CU)X1+ X2+ - X3+ B E— X4
L, L L

SF SF

* Lk * * % * ) * % * % .
. A’IVdclSF + ueq )L 4 lSF + MEq[ Al SF, A'BlSF ueqdlSF:I + ueq lSF - ldc
X, = - < x Llx, - x, + L
3 1 2 3
C C C C
B ® * * ) ® % ® % .
o[ A A lSF tu, M, SF, /14lsp Upy L, T Ueg b~ Lac
X, = - ! “lx, - X, + 44
4 1 2 4
C C C C

(48)

(49)

(50)

(51)

(52)

(53)

(54)

(55)

Equations (52)-(55) are linearized model around the operating points of the proposed model.
From the model, the state matrix of the SAPF in both dynamic and state-space conditions can be

obtained as,



r g *2 *2 .k * _ * .k * _ * 7
_R$ -1 1Vdc -1 2Vdc W l lIS:dVdc ueqd l ZIS:dVdc ueqd
Le Ls Le
} . w2 Ve VT
W _RSF =l 3Vdc = 4Vdc l e quC ueqq I d SFquc ueqa
A= LSF LSF Ls:
ox . ox " o S
| Vo, + U, | Ve, +Usg, lig, +dg, 0 (56)
C C C
. - . xp %o
I Vo, +Ug, | Vo, + U, 0 _| Ja, + dg
| C C c |

The natural frequencies of the state matrix can be used to identify the dynamic response of the
SAPF in harmonic currents compensation during connection of nonlinear load to the grid. For
instance, if the dynamic gains of the entire model are considered to be 0.0002, the fourth order

equation of model can be achieved as,
s* +20026.54s% +1005x10°s? +13.4x10°s+14x10° (57)

By imposing zero onto (47), the inherent frequencies of whole system can be obtained as,

s =-0.011 s,=-132 s, =-10012.61+30078.1i, s, =-10012.61-30078.1i .

The rea part of these frequencies is located in the left side of the axis and it verifies that the
SAPF is globally asymptotically stable in both steady-state and dynamic conditions.

Table | shows the impact of variation in the dynamic gains in the PF between the grid current
and load voltage, the THD of the grid current and the dynamic response of DLM after the
connection of the SAPF to the grid. As can be seen, THD of the grid current decreases

significantly as gain increases and PF between grid current and load voltage approaches unity for

thel , more than 1e-5. Also, the transient response time approaches its minimum values when the
gain value increases. Therefore, based on these results, |, =1e-4 and |, =1e-3 can be

considered as the best options for the DLM.

V. Simulation Parameters and Results

The general schematic diagram of the SAPF based on DLM is depicted in Fig. 8. It is the
Thévenin equivalent model of an electric grid, grid-connected load, interfacing system and

control scheme. This model is considered for simulation analyses using the Matlab/ Simulink



toolbox, to validate the capabilities of DLM for the control of NPC VSC during the connection
of nonlinear loads to the grid. For this case, the capability of the DLM in the SAPF to inject
harmonic current components and active and reactive power sharing between the grid and the
load will be investigated.

Initially, a three phase diode bridge rectifier whose resistance is 30 Q, is connected to the grid to
draw nonlinear currents from the utility grid. This scenario is continued until t=0.1 sec; while the
SAPF isintegrated to the grid. During this step, the capability of DLM in supplying the harmonic
current components of nonlinear load will be evaluated and the other capabilities of DLM for
control of the interfacing system in the SAPF will be presented. The network parameters,
including the rating and impedances of model components for simulation analysis are given in
Tablell.

A. SAPF connected to the grid

This section examines the dynamic and steady-state responses of the DLM before and after
integration of the SAPF into the grid. Fig. 9 shows the load, grid, and SAPF currents before and
after SAPF connection to the grid. As can be seen from this figure, the grid initially injected
nonlinear current to the load before the SAPF was connected to the grid. However, integration of
the SAPF to the grid at t=0.1 sec implies that the harmonic current components have been
supplied by the SAPF within a very short transient period and the grid current is rid of harmonic
contents. This result validates the capability of the DLM in controlling the interfacing system for

injection of harmonic current components during the connection of nonlinear load to the grid.

Figures 10 and 11 show the fundamental and harmonic current components of the load, grid, and
SAPF in d-q reference frames before and after connection of SAPF to the utility grid. These
figures demonstrate the capability of the DLM in tracking the reference current components

based on the objectives of proposed model.

As illustrated in Fig. 10, before connection of the SAPF to the grid, the current components in
both fundamental and harmonic frequencies in the d-axis are injected by the main grid. But, at
t=0.1 sec the SAPF supplies the whole harmonic current frequencies of the load in the d-axis and

the rest current in the fundamental frequency, whichis14 A, is supplied by the main grid.



The same scenario is repeated for the current components in the g-axis before connection of the
SAPF to the grid and as shown in Fig. 11, after the connection of SAPF to the grid, the whole
load current components in both fundamental and harmonic frequenciesin the g-axis are injected
by the SAPF. Therefore, the injected current from the grid to the load is free of any current

components of the g-axis.

Figure 12 shows the active power sharing between the load, grid and SAPF before and after
integration of SAPF into the grid. As can be seen, whole the active power of load in both
fundamental and harmonic frequencies are supplied by main grid, before the connection of SAPF
to the grid. However, after connection of the SAPF, harmonic components are injected by SAPF

and only the active power in fundamental frequency is supplied by grid.

Similarly, Figure 13 shows the reactive power sharing between the load, grid and SAPF before
and after integration of SAPF into the grid. The same scenario is repeated for reactive power
sharing and the reactive power components are supplied by the main grid before the connection
of SAPF into the grid. But, after the connection of the SAPF to the main grid, the whole reactive
power in fundamental and harmonic frequencies are injected from the SAPF to the grid and main

grid isfree of any reactive power components.

Figure 14 shows the grid current and load voltage in phase a and the power factor between them.
As shown in Fig. 14(a) after the connection of SAPF to the grid, load voltage and grid current are
in phase and grid current is becomes sinusoidal. This follows that the injected current from the
grid to the load is free of harmonic and reactive power. Figure 14(b) shows that the value of the
PF between the grid current and load voltage is equal to unity after a transient event on the
SAPF-connected grid.

The PF between load voltages and grid currents in the three-phase system before and after the
connection of the SAPF are shown in Table Ill. On the other hand, Table IV shows the
comparison between the THD of grid currents in the three phases before and after connection of
the SAPF to the grid, which validate the capability of the proposed technique in harmonic current

compensation during connection of nonlinear load to the grid.

VI. Conclusion



A control strategy based on direct Lyapunov method (DLM) for multilevel converters, called
Shunt Active Power Filter (SAPF), has been proposed in this paper. By setting appropriate
reference current in the control loop of the proposed model, al the reactive power of the grid-
connected load in both harmonic and fundamental frequencies can be injected via the interfacing
system. The performance of the proposed control technique was validated through time domain
simulations in Matlab/Simulink. Interestingly, the results obtained reveaed that, with the SAPF
connected to the grid, current overshoot was avoided. Hence, the proposed control technique can
be used as a power quality improvement and power factor correction device in an energy
distribution network.
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Figures

Fig. 1. General schematic diagram of SAPF based on the NPC VVSC.

Fig. 2. Reference currents of SAPF in the steady state condition.






Fig. 5. Comparison of SAPF and load curves.
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Fig. 6. Capability Curve of SAPF.
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Fig.8. The overdl control scheme.



0.05 0.1 0.15
Time [sec]

Fig. 9. Load, grid and SAPF currents before and after connection of SAPF to the grid.
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Fig.10. d-axis of load, grid, and SAPF currents in fundamental and harmonic frequencies, before and after connection of SAPF to

thegrid.
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Fig. 11. g-axis of load, grid and SAPF currents in fundamental and harmonic frequencies, before and after connection of SAPF to

the grid.
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Fig.12. Active power sharing between load, grid and SAPF.
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Fig.13. Share of reactive power between load, grid and SAPF.
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Fig. 14. (a) Load voltage and grid current, (b) PF of grid, before and after connection of SAPF to the grid.



Tables

Table |. Impacts of dynamic gain variations.

l le-7 le-6 le5 le4 1le-3 le-2 lel 1
Power Factor (%) 96.31 | 97.9 | 99.98 | 100 100 100 100 | 100
THD (%) 626 | 34.2 55 056 | 0.58 0.6 0.6 0.6
Transient Response (Ms) eps eps 60 50 50 45 41 41
Tablell. Simulation parameters.

Grid Voltage 380 Vrms

Input Voltage 1000 volt DC

Main Frequency 50 Hz

Inverter Resistance 01Q

Inverter Inductance 0.45 mH

gl = . 0.01

9, =, 0.001

Switching Frequency 10 kHz

SAPF Power Rating 19.5kVA

Tablelll. Power Factor analysis.

PF Grid Before After
Connection Connection
PF1 (%) 88.02 100
PF2 (%) 88.01 100
PF3 (%) 88.01 100

Table V. THD of the grid currents.

Grid Before After
Currents | Connection Connection
iga (%) 16.6 0.57
igo (%) 16.51 0.605
g (%) 16.42 0.602




