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1. Introduction

resonance phenomenon has caused the level of harmonics to increase in transmission
networks. Compensation for these harmonics at high voltage levels is neither recommended
nor cost-effective. This is due to the fact that there is no single large non-linear load that
causes these harmonics, yet filtering at low voltage non-linear load sites cannot completely
compensate the harmonics, and the remaining harmonics at standard levels still low into
the upstream networks. The idea of controlling harmonics at a medium/high voltage level
caused by the remaining harmonics flown from low voltage networks and possibly amplified
by resonance conditions with the use of a series of active power filters has been proposed by
the authors in a published work. Since this application of a series of active filters was new,
it was preferred to assign a new name for such device, i.e., harmonic power flow controller or
simply HPFC. This work looks into the control strategies applicable to an HPFC in more
detail. The shortcomings of the previous methods are now removed, resulting in better
performance for an HPFC.

(© 2024 Sharif University of Technology. All rights reserved.

customers, which do not normally use any filtering
equipment. It is also worth mentioning that all filtering

Filtering at low voltage levels and at the non-linear load
sites has been the most common solution to mitigate
harmonics and prevent them from entering upstream
medium /high voltage networks [1-6]. However, for sev-
eral reasons, this filtering cannot completely absorb the
harmonics [7,8]. One can consider harmonics caused
by distributed low-power loads, such as residential
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techniques limit the levels of harmonics to the limits
specified by standards such as IEEE-519. On the other
hand, in several cases, it is observed the remaining
harmonics at low voltage levels penetrate into the
medium/high voltage networks and are amplified by
resonance conditions.

In many cases, mitigating the remaining harmon-
ics at a medium/high voltage network is not easily
possible due to the fact that the source of harmonics
is not located at medium /high voltage, and there is no
single large non-linear load at which site a filter can be
installed. To tackle the issue, the authors proposed
a new method of controlling harmonic currents at
medium /high voltage networks by the use of Series
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Active Power Filters (SAPFs) [9,10]. The main idea in
Ref. [10] is to control the flow of harmonic currents and
redirect them into paths, which will result in a better
harmonic profile. In this method, the SAPF injects a
harmonic voltage term into a line to create a change
in harmonic flow [10]. This action can be compared to
what a phase shifter does at the main frequency. Since
the task performed by the SAPF in this application is
different from what has been considered for a SAPF,
the authors preferred to consider a new name for SAPF
in this task, i.e., harmonic power flow controller or
simply HPFC.

Principles of operation and the proof of concept
of the HPFC were presented in [10]. Two primary
control methods were also introduced in [10] for the
operation of an HPFC. This work is a continuation
of [10]. The authors in the current paper have tried to
improve the control methods of an HPFC and alleviate
the shortcomings of the proposed control strategies. In
order to have a complete work, the basics of the device’s
principles of operation are again summarized in this
work, and therefore, some of the figures are similar to
those of in Ref. [10].

The control methods proposed in [10] are named
Zero Active Power Injection (ZAPI) and Minimum Ap-
parent Power Injection (MAPI) control methods. The
improved methods in this work are named Improved
ZAPI or IZAPI and Improved MAPI or IMAPI.

The structure of this work is as follows. In
Section 2, the structure and principles of operation
of the HPFC are reviewed. ZAPI and MAPI control
methods are briefly discussed, and their shortcomings
are described. Section 3 presents the IZAPI and IMAPI
control methods. The performance of the proposed new
control strategies is tested through simulation on the
IEEE 14-bus test bed. Section 4 proposes a new control
method based on a cost-optimization technique. In Sec-
tion 5, an HPFC is designed to address a real harmonic
problem in Iran’s northwest HV transmission network.
Finally, Section 6 summarizes the conclusions.
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2. Structure and control of HPFC

Figure 1(a) shows a circuit diagram of an HPFC in a
simple network that is composed of a Voltage Source
Converter (VSC), an energy storage element, and a
series transformer [10]. In this configuration, a voltage
harmonic term is created by the VSC and injected into
the grid through the series transformer.

Depending on the control strategy, an HPFC may
need to exchange active/reactive power with the grid.
This property can be compared to that of a Dynamic
Voltage Restore (DVR) [11-15]. If an active power
exchange occurs, an energy source at the DC link is
required (Figure 1(b)) [13].

For conceptual and steady-state analysis, an
HPFC is modeled as a series harmonic voltage source
whose amplitude and angle are controllable [16]. Fig-
ure 2 shows an equivalent model of the HPFC. In this
model, the amplitude and the angle of line current
harmonic (I) can be controlled by the amplitude
(Vipse) and angle (65) of the HPFC output [10].

The same as a DVR [11-15], the size and com-
plexity of an HPFC depends on the magnitude and
phase angle of the series injected harmonic voltage.
Therefore, several strategies of harmonic voltage in-
jection can be considered, and depending on the
active/reactive/harmonic power exchange between the
line and the HPFC, the structure and size of the HPFC
will change.

In [10], two control methods, MAPI and ZAPI,
were proposed. In Figure 3, the MAPI control vector
diagram of an HPFC in a sample line is shown. In

Vin < ap

Figure 2. HPFC equivalent model with no active power
exchange with the network [10].

Voltage source
converter

|

|

|

|

| I I
| Energy storage
|

|

I

|

|

unit

Voltage source
converter

L pA A AL

__________ 4 (b)

Figure 1. HPFC circuit diagram on a sample line (a) without active power exchange and (b) with active power

exchange [10].
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Figure 3. HPFC controlling vector diagram (V. is
constant) in the MAPT control method [13].
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Figure 4. HPFC controlling vector diagram (V.5 is
constant) in the ZAPT control method [13].

this diagram, Zj, is the harmonic impedance of the line
in which the HPFC is installed. Vi, Vino, and Ipg
are bus-side, line-side harmonic voltage, and the line
harmonic current, respectively, before using the HPFC.
By using the HPFC, the injected harmonic term of
Vhpfc will change X/Tho, IhO to ‘/Th, Ih‘

In the MAPI control method, the injected har-
monic voltage Vj,p . is such that the rating of the HPFC
is minimized. To achieve this, the injected harmonic
voltage (Vipsc) must be as low as possible. This results
in an injection signal in phase with V,4.

In the ZAPI control method, the HPFC-injected
harmonic voltage (Vipse) is perpendicular to the har-
monic current, as shown in Figure 4. Therefore, no
harmonic power is exchanged between the HPFC and
the network.

MAPT and ZAPI methods are inaccurate methods
because they control the HPFC by sampling, sending,
and receiving HPFC line parameters. In the MAPI
method, the HPFC apparent power is not precisely
minimized, and in the ZAPI method, the HPFC
active power is not exactly zero because injecting a
series harmonic voltage will also change the bus side
harmonic voltage.

-T-13

¥

Figure 5. The 14 bus-bar test system, an HPFC, and the
harmonic source [8].
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Figure 6. Harmonic voltage variation of bus side respect
to no-HPFC in MAPI/ZAPT control method when HPFC

is located between buses 4 and 7.

To show this concept, an HPFC is tested on the
IEEE 14-busbar test system [17,18]. Figure 5 shows
the system under study. The study is performed for
only the 5th harmonic, which is normally the dominant
harmonic in power networks.

As Figure 5 shows, an HPFC is placed in the
feeder between buses 4 and 7. Table 1 lists the values
of the linear and non-linear loads in the system.

The HPFC injects a 5th harmonic voltage in the
feeder between buses 4 and 7, and the outcome is
studied. The angle of the injected voltage is changed
from 0 to 360°.

Figure 6 shows the 5th harmonic voltage variation
at the bus side (bus 7) in the ZAPI/MAPI control
method as the result of the HPFC operation. The
study shows that the harmonic voltage of this busbar
changes by the injected harmonic voltage by the HPFC.
Therefore, it is necessary to keep this voltage, Vi,
unchanged.

3. IZAPI and IMAPI control methods

Using the sending/receiving line parameters results in



164 R. Mehri et al./Scientia Iranica, Transactions D: Computer Science & ... 31 (2024) 161-173

Table 1. Specification of the loads under study [8].

Bus no. Static load spec. 5th order harmonic current
P (MW) Q (MVar) Mag. (%) Angle (degree)

4 47.79 -3.9 10 5

5 7.6 1.6 20 10

8 29.5 16.6 20 30

9 29.5 16.6 15 10

10 9 5.8 10 80

11 3.5 1.8 25 50

12 6.1 1.6 20 30

13 13.5 5.8 15 20

14 14.9 5 20 30
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Figure 7. Network model of (a) HPFC on line k — m and (b) Line p — g without HPFC.

accuracy of MAPI/ZAPI methods. In other words,
in the MAPI method, the HPFC apparent power is
not precisely minimized, and in the ZAPI method, the
HPFC active power is not exactly zero.

To increase the accuracy of these methods, it
is essential to incorporate other parameters of the
network into the HPFC control algorithm. For this
purpose, the IMAPT and IZAPI methods are proposed
as the improved versions of MAPI and ZAPI.

3.1. IMAPI method

Figure 7 shows an installed HPFC in a typical line, e.g.,
km. In this figure, V, (harmonic voltage of network
buses) can be calculated as:

Vi =Vho — Zn*Yupron * Vapro,m, (1)
Vio = Zp, * Ino, (2)

where Vg is the initial harmonic voltage vector without
HPFC; I, the initial harmonic current vector without
HPFC; Z;, the impedance matrix of the network, as
calculated by Egs. (3) and (4) are shown in Box I.

The complex, active/reactive, and apparent pow-
ers of the HPFC can be calculated as follows:

Suprc = [Vapren * Iimp] = Paprc

+j*Qurrc, (5)

Puprc =|Vurron! * [ Tkm,nol

£cos (B pron — O ) + |Vipron|”

s | Agm,p| * cOs (HAL-,",;,,) , (6)
Qurrc = |Vaprrc,al * [ Tkm,ho

#sin (O pron — Onem no) — |VHPFc,h|2

s | Agm,p | * sin (GAM,;L) , (7)
ISuprc| = (Puprc® + Quprc®)/?
=Vupro * [[Ixmnol> + [Vapron|?
#| Akmon)® + 2| Tkm.nol * |[Virpron

#|Agm,n| * Cos(0ay,, , +0uprcn

_9[}0"”.7(0](1/2). (8)

To minimize the apparent power (HPFC capac-
ity), the derivative of Eq. (8) with respect to Omprc.a
is calculated and set to zero, i.e.:
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-le,h le,h Zlq,h Zlm,h Zlk,h Zln,h
ZpLh e pr,h qu,h me,h Zpl\t,h meh
qu,h qu,h qu,h qu,h qu,h Zq'n,h
Zh - . : 9 (3)
Z?nl,h Z?np,h Zm,q,h Zmrn,h ka,h Zmn,h
Zit,h Ziph  Lig,h Ziem,h A9 Zin,h
_an,h an,h an,h an,h an,h Znn,h_
[ Vi [ L ]
[ 0 i Vp,h N
+Yim,n Va.n Io.n
Yuprcon = : Vi = : An = (4)
_S/km,,h ‘/;n,h Im,,h
L 0 ] Vie,n I p,
L Vn,h L ]n,h J
Box I
d SHPFC HPFC apparent, activ, reactive power-IMAPI
dSnprol = Keostant * { Vaprc® * 2 (km,ho)l x10~? [Sbase = 100 MVA]
A9 preo,n - : et ‘
B S(HPFC)
-—- P(HPFC)
. 4l U
Vi pronl * |Akm,n| *sin(0a,,, , £ --—- QHPFC)
N e + IMAPI-Teta
+0upron — Ol n)] ¢ = 0. (9) T e e
' T ot S~ g 1
@ N ey
. . . . - ~ -
By solving Eq. (9), the angle of the HPFC for minimiz- By o RN g
. . . w2t e e e .
ing the HPFC capacity can be derived as Eq. (10): P SN T
v '~
4L 7 ’\.\ d
9HPFO,h =kr % (efh-m,h,o - aAl\nnJy) . (10) " S - e
6 . . . ‘ S
0 50 100 150 200 250 300 350

This relation shows that the HPFC angle depends
on the HPFC line current angle and the angle of an
equal impedance Ay, , (This value is constant).

To study the effect of the IMAPI Control method,
an HPFC is placed in the feeder between buses 4 and 7
of the TEEE 14-busbar test system. Figure 8 shows
the harmonic apparent, active, and reactive powers
of the HPFC and the optimum angle of the HPFC.
Figure 9 shows the harmonic voltages at all buses with
and without the HPFC. It can be seen from Figure 9

HPFC angle (degree)

Figure 8. Harmonic apparent, active, and reactive power
of the HPFC in IMAPI control method (Bold line:
Optimum angle of the HPFC).

that the harmonic voltage values have changed by the
HPFC.

3.2. IZAPI method
The harmonic active power of the HPFC can be
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Figure 9. Harmonic voltage of bus-bars with and without

HPFC in IMAPI control method.

[Vipfe (Pu)| Vo HPFC angle (degree)
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Figure 10. Locus of HPFC output amplitude/angle in
IZAPI control method.

calculated by Eq. (6). In the IZAPT control method, no
harmonic power is exchanged between the HPFC and

the network.
The HPFC harmonic current and voltage magni-
tude are obtained from the following equations:

[ Tim,hol * €08 (0 pron = Onpno) + IViarpronl

# | A, | * COS (HAL.,,,_V,,,) =0, (11)
Iim
Vapron| = — {M}
i -0
. cos ( HPFC,h Ikm,hU) ) (12)
cos (0.4, )

Figure 10 shows the locus of the amplitude of the
HPFC versus its angle in the IZAPI control method
(HPFC is installed in lines 4-7). This figure shows
that for the IZAPI control method, the amplitude and
the angle of the HPFC depend on each other.

Figure 11 shows the harmonic apparent, reactive,
and active power of the HPFC in the IZAPI control
method. Simulation results show that by using this

method, no harmonic active power is exchanged be-
tween the HPFC and the network.

Figure 12 shows the HPFC line harmonic current
variations and the HPFC harmonic reactive power
versus the HPFC amplitude in the IZAPI control
method. This figure shows that the HPFC amplitude
is limited by the level of harmonic current control and
the HPFC capacity.

4. Cost function control algorithm method

In previous subsections, IMAPI/IZAPI methods were
considered to control the HPFC parameters based on
the bus’s harmonic voltages and series line/transformer
harmonic current values. In these methods, the
injected harmonic voltage is such that the rating of
the HPFC is minimized or no harmonic power is
exchanged between the HPFC and the network. In
these methods, there is no control over the network
parameters, such as harmonic power losses and other
bus-bar harmonic voltage values. It is essential to
define a cost function for an HPFC to control the
network parameters, such as harmonic power losses and
harmonic voltage variations.

4.1. Harmonic voltage minimization
Harmonic voltage at bus j can be determined as:

Vin =Vino + (Zik,h — Zjm,pn) * Yem.n * Vupro,n
=Vjno+Cin*Vupron, (13)
where C; , is:
Cin=Zjkn — Zjmn) * Yim,h- (14)

For this purpose, the cost function is defined as follows:

M
Cost function = Z <|V<,h|2 - |Vj,h0|2) * I

Jj=1

M B .
=> (Kj * {|Vj,h0|2 +1Cjnl?
=1

| Virpron|? +2 % |Vino| * |Cjnl

*|Vapro,n| * cos <9HPFC,h

M
—|V',h0|2> Z (Arj * {|C"h|2

j=1

[ Virpron)® + 2 % | Vinol % |Cjnl
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Figure 11. Harmonic apparent (a), reactive (b), and active (c) power of HPFC in the IZAPI control method.
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Figure 12. HPFC line harmonic current variation (a)
and HPFC harmonic reactive power and (b) versus HPFC
value in IZAPIT control method (I0 is HPFC current before
HPFC installation).

* |V pro,n| * cos (9HPFc,h + 00, n

_an.,ho> })‘9\/_,-,;1.0 =< Vjno,0uprc

=<Vuprcn, 0c;n =< Cjp, (15)

where K; is the weighting factor of the jth bus
harmonic voltage variation.

Table 2. HPFC angle for minimum harmonic voltage.

Line Ogprc,, Line Ogpro,n
4-7 256.98° 79 76.63°
5-6 276.57° 9-10 262.36°
6-11 107.71° 9-14 253.44°
-8 256.77° 10-11 280.91°

In the cost function, all the parameters are
constant values, and the HPFC angle is controlled
to optimize the cost function. To achieve this, it is
necessary to solve the following equation:

d cost function f:( 5w K % {lv 1%]C
— = —2x% K },h0 b
dupron =

*|Vipre,p| *sin <<9HPFC,h +0c;.n

an)))-o

To investigate the effect of this control method,
an HPFC is installed in different lines in the IEEE 14-
bus test system. Table 2 shows the HPFC angle to
minimize harmonic voltage by installing the HPFC at
different lines.

Simulations show that when the voltage harmonic
decreases, harmonic power losses will increase by about

(16)
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Table 3. HPFC angle for minimum harmonic power loss.

Line 6Owpprc,n Pross,n (pu) Line 6Oppron  Pross,n (Pu)
4-7 75.97° 0.1898 79 242.11° 0.2097
5-6 257.4° 0.1894 9-10 94.96° 0.2188
6-11 235.9° 0.2144 9-14 315.18° 0.2061
78 72.31° 0.1831 10-11 60.41° 0.2155

17.9% when the HPFC is installed in lines 5-6. There-
fore, for the optimum control of harmonic voltages, it
is necessary to consider harmonic power losses in the
cost function as well.

4.2. Harmonic power loss minimization
Harmonic power losses can be determined as follows:

M
PLoss,h =3 % Z (Rj,h*|Ij,h|2) y (17)
Jj=1
Ipq,h = (Vp,h - Vq,h) /qu,hv (18)
TIimp = View = Vi, = Vaprren) [ Zimon, (19)

where I, and Iy, » are the harmonic currents of the
lines pq and km, respectively.

Vp.n and V, j, (harmonic voltage of buses p and ¢)
can be determined as:

Voo = Voo + (Zpkh — Zpmh) * Yiemn * Vapron,

(20)

Voo = Voo + (Zgkn — Zgmon) * Yiem.n * VEPFCO, -
(21)

Finally, the cost function (harmonic power losses) is
defined as:

Cost function = Pross.h = Pross,no + Kan

*|VHPFC7h|2 + Kpn*|Vapron!,

(22)
where Pross o, K a,n, KB s are as follows:
M
Kan=3%Y_ (Rj,h*|Aj,h|2) ; (23)
=1
M
Kpp=> 6 (Rj,h* [Z5,nol * | Ajpn]
i=1
% ¢os (01,0 — Orpron — ‘9A];h>)a (24)

01,10 =< ILjno,0uprcn =<Vuprch,0a; n=< Ann,
(25)

where A; j, is a constant value that depends on the line
impedances, which is calculated using Eq. (25):

Ajn = ((Zpmh — Zpk,n) — (Zgm,h — Zgk,n))

*Ymk,h/Z',h~ (26)

If the line is an HPFC-installed line, A;;, must be
determined from the following relation:

Ain=14Youn*(Zomn+Zik h =2 % Zin)) [ Zj b
(27)

In the cost function, all the parameters are constant
values, and the HPFC angle is changed to optimize
the cost function. To minimize the harmonic power,
Eq. (27) must be met:

d cost function % I+ Kpn 6
———————=|Vuprc =
dupron dOuprcn
M
*[Vipron * Y (Rj,h* | Zj,n0] * | Ajnl
=1

* gin (9[_]._’,,,0 - QHPFCJL - QA]",,)> =0. (28)

Because of the complexity of Eq. (27), the bisec-
tion method is used to find 8y prc,». Table 3 shows the
HPFC angle to minimize the harmonic power losses by
installing an HPFC in different lines.

Simulation shows when harmonic power losses
decrease, harmonic voltages will increase or decrease
when the HPFC is located in lines 5-6 (Figure 13).

4.8. Harmonic voltage and power loss
minimaization

Because of the dependency of harmonic voltages and

harmonic power losses, it is essential to define a

complete cost function that includes both quantities.

This cost function is defined as:

Cost function = Cost function (AVhQ)
N
+ Cost function (Prossn) = Z <|th|2

Jj=1
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Figure 13. Effect of harmonic voltage minimization algorithm control on the voltage harmonic of different buses when the

HPFC is located in lines 5—6.

m HPFC is off
m Cost function (min Vj,)

= Cost function (min Pjoes,n)
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Figure 14. Effect of HPFC cost function algorithm control on voltage harmonic of different buses when the HPFC is

located in lines 5—6.

_|‘/j7h0|2) *Kj + PLoss,hO + I(A,h

| Vapronl® + Kpn % |\Vipron) . (29)

To minimize the cost function, it is necessary to
solve the following equation, which can be done using
the bisection method:

d cost function ZN:< 9% Ko % {|V | %|Cjl
o Hen J BIRRREIe — j 7,h0 j»h
dbrpron j=1

*[Vipron| *sin (Oupron+0c,n—0v,,,) })

M
+ 6% |Virpron|* Y <Rj,h # [ I nol * | Aj ]

j=1

% sin (91,.7(0 — Hprah — 6Aj,h)> =0. (30)

7

Table 4 shows the HPFC angle for minimizing the
cost function by installing an HPFC in different lines.
Simulation shows that by using this cost function,
the harmonic voltage (Figure 14) and harmonic power
losses (Figure 15) can be reduced simultaneously when
the HPFC is located in lines 5-6.

Table 4. HPFC angle for harmonic voltage and power
loss minimization.

Line 6Omprc,, Line Omprc,n
4-7 256.7° 9 75.42°
56 288.41° 9-10 265.62°
6-11 88.59° 9-14 221.15°
78 256.57° 10-11 266.75°

20%
15%
10%

5%

Pjoss (HPFC is on)/
Pioss(HPFC is off)

0% T 1
Cost function
5% (min V3,)

Cost function

-10% (min Pioes,n + Vi)
Cost function
-15% L (min Proge,n)

Figure 15. Effect of different cost function algorithm
controls on active harmonic power losses of network
variation when the HPFC is located in lines 5-6.

5. Simulation for a real network

In this section, the effect of the HPFC is evaluated
in a real network, i.e., Iran’s northwest transmission
system. Harmonic measurements have been performed
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Figure 16. Iran north-west transmission system single-line diagram.
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Figure 17. 5th harmonic voltage measurements at bus 1.

at different locations in Iran’s NW transmission sys-
tem (Figure 16) using the HIOKI-3196 power quality
analyzer. Figures 17 and 18 show the harmonic mea-
surement at buses 1 and 3 for a one-day period, which
is recorded by 10-minute sampling intervals. Figure 19
shows the harmonic voltage value at all buses at about
20:00 o’clock. As can be seen, the 5th harmonic level is
above the TEEE 519 Std. limit (i.e., 1%) during most
of the measurement period. The objective, in this case,
is to use an HPFC to change the harmonic impedance
and accordingly alter harmonic flows such that the 5th
harmonic level at bus 3 is decreased.

To design the HPFC, the system model must first
be derived. The network is modeled at 400 kV and
230 kV voltage levels with 28 buses (Figure 16).

The harmonic voltage at bus No. 3 is 4.3%, which
has caused complications in the network. To overcome
the complications, the harmonic voltage needs to be

5th voltage harmonic measurments-bus 3 (Hioki 3196)
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Figure 18. 5th harmonic voltage measurements at bus 3.

decreased to a level below 2% (IEC 61000-2).

Table 5 shows the HPFC signal magnitude and
angle using IZAPI and IMAPI control methods and
minimizing the different cost functions by installing an
HPFC in an optimum line.

Figure 20 shows the harmonic voltage values of
all buses for the control methods and their corre-
sponding injected harmonic voltage given in Table 5.
Table 6 summarizes the network harmonic power loss,
HPFC exchange apparent, and active and reactive
powers.

These simulations indicate that the network pa-
rameters cannot be controlled by IZAPI and IMAPI
methods alone. The harmonic power loss is increased
if the harmonic voltage minimization control method is
used. The harmonic voltage of some buses is increased
if only the power-loss minimization method is em-
ployed. Harmonic voltage and harmonic power losses
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Figure 19. 5th harmonic voltage measurements at all busses.

Table 5. Optimum HPFC angle for harmonic voltage and power loss minimization.

HPFC control method Line |Vuwprc,n| Ouprc,h
1ZAPI method 2-4 0.0315 208.7°
IMAPI method 2-4 0.0304 37.4°
Harmonic power loss minimization 5-6 0.03 145.7°
Harmonic voltage minimization 2-28 0.03 127.8°
Harmonic voltage and power loss minimization — 2-4 0.03 351.4°

Table 6. Total harmonic power and HPFC harmonic apparent, active, and reactive power for different HPFC control
methods.

HPFC control method Pross,n  Suprc,n Puprcocr QHPFCR
(kW) (kVA) (kW) (kVAR)
Without HPFC 522 - - -
1ZAPI method 782 1005 0 1005
IMAPI method 572 376 367 —82
Harmonic power loss minimization 425 684 510 —455
Harmonic voltage minimization 451 510 —25 =510
Harmonic voltage and power loss minimization 463 490 74 —484

Voltage h ic variati t functi inimizati . .
2.5 ASE MATIOIE, Yangiion Cosl uielon e o) structure of HPFC (with and without a power supply)
——IZAPI method .
——IMAPI method are obtained.
2.0| —Min Pross,n
— Min Vj,
2 sl ——Min Pross,n and Vi 6. Conclusion
= In this paper, the performance of a recently introduced
5N harmonic conditioner, i.e., harmonic power flow
controller or HPFC, has been improved by introducing
0.0 new control strategies for the HPFC. It is shown that
2 4 6 8 10 12 14 16 18 20 22 24 26 2 by employing the IMAPI/IZAPI control methods,
Bus no.

one can more effectively reduce the size of the HPFC
as compared to the previous MAPI/ZAPI control
algorithms. Furthermore, two operating performance
parameters, i.e., the harmonic profile of the network
and the harmonic losses cost function, are considered

Figure 20. Ratio of harmonic voltage at Iran northwest
bus-bars after installation of an HPFC in optimum line
with ZAPI, MAPI control methods, and harmonic voltage
and power loss control methods.

can be reduced simultaneously if the last proposed
method is used.

In Table 6, the exchange power by HPFC and
network is shown. By these values, the capacity and

and incorporated in the design and control of the
HPFC. It is shown that HPFC can effectively achieve
a harmonic environment in places where no absorption
harmonic filter can be installed.
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