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Abstract

In this paper, we suggest a TLC-HAPF power filter topology as a harmonic
compensator for an improvement of electrical network pollution
management. With the help of its TLC module, this filter's active and
passive components work together to lessen or restrict switching losses
during current injection into networks.This topology also provides solutions
dynamic perfor- mance issues, resonance and lack of compensation
capacity for imbalance cases. It also offers a greater range of compensation
than conventional active models which do not offer as well as an
intermediate circuit voltage in the order of 105 V to 109 V relatively lower
than others models (600 v). A mod-ulated hysteresis control of this topology
is therefore also developed in this article and allows to obtain a network
analysis on the three phases at three le- vels: source side, load side, and
finally at the connection of the filter to the network, allowing to specify for
these different positions the value of the cur-rent spectrum and its THD at
this well-defined moment.

Keywords
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1. Introduction

Nowadays, the increasing use of power electronics devices in electrical systems
has led to more and more problems related to harmonic disturbances or distor-
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tions in electrical networks. This phenomenon affects all industrial sectors (use
of dimmers, rectifiers, variable speed drives, etc.) and domestic (televisions,
consumer appliances, etc.) [1]. Harmonic distortion is generated by non-linear
loads connected to the network and which absorb non-sinusoidal currents [1]
[2] [3] [4]. These current harmonics will in turn generate harmonic voltages at
the various points of connection to the network. For other electrical equipment
connected at these points, this harmonic pollution has harmful effects. Among
these effects, we can in particular quote the distortion of the network voltage at the
connection point when the energy distributor is required to supply its own voltage.
This pollution can also lead to the heating of cables and electrical equipment or
even to the sudden shutdown of rotating machines, or even the total destruction
of all this equipment. To reduce or eliminate these disturbances and thus im-
prove the quality of the distributed energy, several solutions exist [1] [5].
¢ reducing the short-circuit impedance,
o modification of the polluting static converter in terms of topology and/or
control in order to intervene directly at the source of harmonic disturbances,
o filtering devices.

The use of filtering devices such as so-called resonant and or damped passive
filters can thus prevent harmonic currents from propagating in electrical net-
works [1]. They can also be used to compensate reactive power. However, pas-
sive filtering poses certain problems [6] [7] [8] [9]: lack of adaptability during
variations of the network impedance, of the load and possible resonance with the
network impedance and in certain unfavorable cases where this resonance is ex-
cited. This can cause a high harmonic voltage and a high harmonic current in
the filter capacitance and in the network. Thus, this solution has a major draw-
back which may be intolerable in these particular circumstances [10] [11] [12]
[13]. Another solution is to implement active filtering to avoid the drawbacks of
passive filters. However, active filtering also has its specific drawbacks, in partic-
ular its high cost for industrial applications [14] [15] [16] [17]; the dimensioning
of the power converter of the active filter can then be relatively high. For this
major reason, the applications of active power filters in electrical systems are still
limited today [18] [19] [20] [21]. The disadvantages of passive filters and active
filters can be simultaneously limited by using new topologies of active filters,
called hybrid filters. Hybrid active filters are considered today as a solution
which makes it possible to reduce the sizing and consequently the cost of active
filters [22] [23] [24]. The hybrid filter consists of the association of passive fil-
ters, intended to absorb the current harmonics coming from the polluting load,
and of a low power active filter. The work presented in this paper generally
shows in a first section the review of the literature and the state of the art on the
solutions to harmonic pollution and their evolution over time, in the second sec-
tion a modeling of the architecture and functionality of the TLC-HAP model,
followed by an implementation of the modulated hysteresis control which
presents the evolution of the current spectrum on the network at 3 essential po-
sitions: load side, network side, and at the level of the injection of the filter on
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the electric line with a value in THD each time. This implementation is done in
the MATLAB Simulink environment.

Our work is aimed at improving the performance of active filtering through
structures but also through the control algorithm, but this does not require us to
review the usefulness of these structures. However, several industrial applica-
tions developed nowadays for high powers in medium voltage (MV), a field for
which current power components cannot meet with standard configurations.
This is how multi-level converters (CMN) have been introduced in recent years
to overcome this problem. Current industrial applications for these converters
revolve around active and hybrid filtering more and more today including other
needs before the following: Interfacing for renewable energy, HVDC (High Vol-
tage DC transmission), FACTS (flexible AC Transmission Systems), UPFC
(Unified Power Flow Controllers), electric traction and static compensation.
Converters used in industry as standard products are:

1) NPC: Neutral Point Clamped, (also known by Diode clamped), it is a
structure which was introduced by Nabae in 1981 [25], since then several works
have been carried out on this type of converter [26] [27] [28] [29]. The 3L (3 lev-
el) -NPC is the most used in MV for controlling motors, but the major problem
with this topology is the balancing of the DC voltages and this is why its use is
limited to 3L. In addition, a fairly large output filter is required [30].

2) FLC: FLying Capacitor or FC, developed by Meynard and Foch in 1992
[21], improved, by the same authors, by another structure in 2002 [22]. It is also
a popular topology used for controlling motors as well as for active filtering [23]
[24] [25]. The direct command of a 4-level structure is done in [26] [27]. Given
that the value of the capacitance is inversely proportional to the frequency, this
topology is preferably intended for high frequencies.

3) SCHB: Cascaded H-Bridge series presented by Hammond in 1997 [28], an
evolution was proposed in 2006 by Ceglia et al. [29]. Power and voltage are easily
matched given the modular nature of these converters. The most used is 5L-
SCHB. The energy stored in the LC filter is reduced to 80% compared to
NPC [20].

2. Problems of Electrical Pollution
Harmonic Disturbances

The use of electrical equipment involves static converters in electrical energy
conversion plants and in recent years a significant increase in the level of har-
monic pollution. They have contributed to the deterioration of the quality of the
current and the voltage of the distribution networks. The main sources of har-
monics are fluorescent lighting fixtures, computer equipment, household ap-
pliances (televisions, large numbers of household appliances), electric arcs and
all static converters connected to networks such as rectifiers and inverters. All
these systems contribute to the harmonic pollution of the network to which they
are connected. Indeed, these systems absorbing non-sinusoidal currents, even if
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they are supplied by a sinusoidal voltage. This electrical equipment is intended

as non-linear loads emitting harmonic currents whose frequencies are integers

which are multiple or not integers of the fundamental frequency. The presence
of current or voltage harmonics leads to harmful effects on the distribution net-

work, for example [1] [3] [4] [5] [6] [7]:

- Heating of conductors, cables, capacitors and machines due to additional
copper and iron losses.

- Interference with telecommunications networks, caused by electromagnetic
coupling between electrical networks and telecommunications networks
which can induce significant noise in the latter.

- The malfunction of certain electrical equipment such as control and regula-
tion devices. In the presence of harmonics, current and voltage can change
sign several times during a half-cycle. Consequently, equipment sensitive to
the zero crossing of these electrical quantities is disturbed.

- Resonance phenomena. The resonant frequencies of the circuits formed by
the inductors of the transformer and the capacitances of the cables are nor-
mally quite high, but these can coincide with the frequency of a harmonic. In
this case, there will be a significant amplification which can destroy the
equipment connected to the network.

- The degradation of the precision of measuring devices.

- Interference induced on communication lines, particularly electromagnetic
radiation.

Different criteria are defined for these disturbances. The THD and the power
factor are the most used to quantify respectively the harmonic disturbances and
the non-active power consumption. The THD represents the ratio of the rms
value of the harmonics to the rms value of the fundamental. It is defined by the
relation:

© 2
THD = _zn)-(zzxﬂ
1

with X either a current or a voltage.

Electrical Network Depollution Solutions

Two types of solutions are possible. The first consists in using static converters
which pollute less or less, while the second consists in the implementation of a
filtering of the harmonic components. The first class of solutions is concerned
with the design while the second is to compensate for harmonic currents or vol-
tages [9]. Two groups of pollution control solutions to compensate for all dis-
turbances can be distinguished: traditional solutions and modern solutions.

Traditional Solutions
In particular, this involves implementing the following means:
1) Statocompensator: this is a compensation method used to record the power
factor,
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2) Passive filter: the oldest for the treatment of current harmonics. It consists
of trapping harmonic currents to prevent them from propagating to the rest of
the network.

Modern Solutions
These solutions are proposed as effective solutions for cleaning up electrical
networks in order to deal with the drawbacks inherent in traditional solutions
such as passive filters (not adaptive to variations in the load and the network,
resonance phenomena). Among all modern solutions, there are two types of
structures conventionally used:
e The active filter (series, parallel or even combining the two),
e The hybrid active filter (series, parallel).

The purpose of these active filters is to generate either currents or harmonic
voltages so that the current or voltage becomes sinusoidal again. The active filter
is connected to the network either in series (FAS) or in parallel (FAP) depending
on it is designed respectively to compensate the harmonic voltages or currents,
or associated with passive filters.

To provide consumers with quality electrical energy, even under the most
disturbed operating conditions, active filters are offered as solutions for cleaning
up electrical networks [10]-[15]. In the following, various topologies of usual ac-
tive filters are presented.

Configuration of Hybrid Filters

In recent years, many hybrid filter topologies associated with different control
strategies have been presented in the scientific literature in order to improve the
quality of energy but especially to reduce the sizing of the active power filter and
therefore its cost. Hybrid filters can be classified according to the number of im-
plemented in the topology studied (active filters and passive filters), the system
treated (single-phase, three-phase three-wire and three-phase four-wire) and the
type of inverter used (voltage structure or current). Figure 1 presents some hy-
brid filter configurations according to the type of analysis system and the asso-
ciated elements [17].

Hybrid Active Filter Control

The performance of hybrid active filters strongly depends on several factors [7]:

- the control mode used (modulated hysteresis) for generating the power
switch control commands,

- the performance of the capacitive reservoir voltage regulation loop.

Active hybrid filtering indeed requires high real-time performance when in-
stalling the control, given the frequencies of the harmonics to be generated.

In this paper we will theoretically study the model of hybrid active power filter
with LC coupling, (TCLC-HAPF) controlled by thyristor. And will be intended
to clean up a three-phase three-wire electrical network connected to three-phase
non-linear loads of the bridge type rectifier, discharging into a load R.
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Figure 1. Classification of hybrid filters.

3. Modeling and Ordering Methods of the Active Adaptive
Hybrid Filter

The insertion of hybrid adaptive active filters in electrical networks is a very re-
liable solution in the pollution control of harmonic currents produced mainly by
non-linear loads and circulating through electrical networks. Indeed, the choice
of manufacturers to use hybrid filters has been evaluated in recent years due to
the advantages that this structure provides compared to the classic active shunt
filter [20] [22]:

- Possibility of using less expensive power semiconductors,

- The voltage Vg lower than for a shunt filter,

- The energy stored in the Cy. Storage element is lower,

Structure of the Thyristor Controlled LC Coupled Hybrid
Active Power Filter (TCLC-HAPF)

The following figure (Figure 2) shows the structure of the TCLC-HAPF in
which the index “x” represents the phase A, B and C, in the rest of the analysis,
Vsx, Vi and Vinvx are respectively the voltage source, the load voltage and the
output voltage of the inverter, Iy, I1x and I« are the load and compensation
source currents respectively, L is the impedance of the transmission line. In
Figure 2, the TCLC part of the TCLC-HAPF filter is composed of a coupling
inductor L., a Cpr capacitor in parallel with a reactor controlled by an Lpr thyris-
tor. The active part of the filter consists of a voltage source inverter with a DC
link capacitor.

Attenuation of Harmonic Current Injection in the TCLC Part and
Filtering Characteristics

In Figure 2 the thyristors (T1x and T2x) for each phase of the TCLC part can be
proposed as a pair of bidirectional switches; which would generate a low order
harmonic current when the switches change state.

Through harmonic current rejection analysis, the generated harmonic current
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Figure 2. TCLC-HAPF filter structure.

orders can then be deduced in terms of LC. Therefore with proper LC design,
the harmonic current injection by the controlled TCLC part can be reduced.
Figure 3 illustrates the single phase equivalent model of the TCLC part for har-
monic current rejection analysis. From Figure 3, when the switch S is open, the
differential equation of i, can be obtained as:

di 1
ox(t) | _Lor.
— + i t)dt =Vx 2.1
!_ dt CPFI Cpr ( ) () ( )
Furthermore, when the switch is closed, the following relationships can be
obtained:
dicx(t) +_1 . dt =V 2.2)
g e Je O |
L, Sy 1 [ic,, (t)et (23)
PF gt Cor Cpr
itpr +icpr = gy (2.4)
From relation (2.2) and (2.4) we get the equation in term iCX(t) by the rela-
tion:
-3 - H
LL C dix® L C Vx dlczx(t) +(|_ +L ) dlcx(t) vy (25)
¢ PF PF dt PFPF (1) dt2 c ¢ dt (t)

3

For relations (2.1) and (2.5) the compensation current i., . When S is open is
a second order equation. So much disk i, when S is closed it is a third order
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equation. The solutions of these differential equations can be deduced by solving
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Figure 3. Single-phase equivalent model of the TCLC part.

these differential equations or via the Laplace transform. Solutions can be ex-
pressed in the form:

iCxoff = Alsin(Wt—O()+ Kysin (Wlt—(pl) (26)

Fundamental harmonic
iCxon = Ag Sin(Wt—O()'f' K2 COS(Wzt—(pz) (27)

where A; and A, are the peak values of the compensation current at each
switch-off and on, K, K,, K;,p1,0, are constants during each switching cycle
and which depend on the initial current conditions of compensation and the
value of the load voltage, w is the fundamental angular frequency of the system
with w = 2nfand fis the frequency of the system. From Figure 3, we can deduce
the impedance of the TCLC, knowing that L, ( X,.) is in series with the paral-
lel combination of an L. ( Xyerey) and Cop (Xepr )
The result:
X, pes X

cPFf

X + XLc

ToLCal (0a) T Y =
cPFf X X | PFf

with:

X, Xepe, X are impedances of the coupling inductor L., the capa-
citor C, and the inductor L,.; o, is the firing angle of the thyristor. This
leads us to the following equivalent single-phase diagram: (Figure 4).

The active filter functions as a voltage generator and the indicated voltage
value V,. is equivalent to the product of a gain K by the harmonic compo-
nent at the current source gy, . Figure 5 shows the equivalent circuit with re-
spect to harmonics

In the case where the active filter is not connected, that is to say when K, =0
assuming that the source voltage is balanced and sinusoidal, the harmonic cur-
rent iy, isthen defined by the relation:

XTCLCaf

= ch
Xic + Xicrcar

Isha
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Figure 4. Simplified single-phase equivalent diagram.
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Figure 5. Equivalent diagram of the harmonic system.

when the active filter is connected and K, = 0, it will therefore contribute with
the passive filter to the absorption of the harmonic currents of the load on a
therefore:

X

Ke + X + Xicrcar

TCLCaf

i
sha ch

The relationship between the voltage displayed by the filter and the harmonic
component of the source current i, is:

xTCLCaf Kc -
VAF = KX —FX Ich

c LC TCLCaf

The active filter acts like a K which attenuates the harmonic resistance cur-
rents by presenting a high resistance with regard to the latter. If K, is large
compared to X;c car - the harmonic currents absorbed by the load will therefore
mainly pass through the TCLC filter. If K_ is large in front of X, the value
K. will then determine the performance of the filtering. If K, tends to infinity,
then iy, tends to O and the filtering is then perfect.

Configuration of the Thyristor Controlled Lc Coupled Hybrid
Active Power Filter (TCLC-HAPF) with Control Unit

Among all the topologies of hybrid filters [23], [20] we are interested here in the
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TCLC-HAPF composed of four parts:

- The three-phase supply network,

- The non-linear load symbolized by a diode bridge discharging in a load R,

- The hybrid filter (inverter with voltage structure associated with a three-phase
passive filter TCLC,

- The hybrid filter control.

This TCLC-HAPH is made up of a three-phase active filter with a voltage
structure and a three-phase passive filter, tuned to a 5th harmonic. These two
filters are connected in series without a transformer and the assembly is then
connected in parallel on the network as shown in Figure 6. The passive filter
absorbs the 5th harmonic currents to which it is tuned generated by the load and
the active filter improves the efficiency of the passive filter

Ordering the TCLC-HAPF

Several methods of controlling the hybrid filter have been studied in the litera-
ture. For this work we study the so-called classical control scheme based on the
d-q transformation and the a-f transformation in two loops. For this purpose
we use the transformations of Park and Concordia for the feedback loop and the
feedforward loop.

Classic Control Diagram
Figure 6 shows the classic global control diagram and its two control loops. The
PLL has two signals, at fundamental frequency and at harmonic frequency five.
They will be used respectively in the feedback and feedforward loop.

Classic Command Strategy
The control strategy is the subject of our study on the hybrid filter, but being to
improve the characteristics of the filtering while using a control method of re-
duced complexity. For both control loops, we use the SRF method to identify the
voltage references of the inverter. For this, three quantities are measured:
- Source currents for the feedback loop,
- The load currents for the feedforward loop,
- Source voltages for the PLL.

The principle of this method is based on the use of a PLL to determine the
components of d-q axes of currents and voltages in Park’s coordinate system.
We can then extract the alternative components using two first order high pass
filters for the feedback loop, and extract the continuous components using two
first order low pass filters for the feedforward loop. The two types of extraction
filters and the associated notations are published in Figure 7.

The general expression of the first order high pass filter is given by the fol-
lowing equation

S

_ 2.8
S+W, (28)

FFPH(S) =

For the first order low pass filter, the expression is:
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Figure 7. Extraction filter of the harmonic (a) and continuous (b) component.

W,

—_— 2.9
S+W, @9)

F

FPH(S)

with: W, = 2nxf,
We will now study in detail the two loops, feedback and feedforward. The
impedance of the TCLC filter is given by the following expression

_ X prr Xeprs +X . (2.20)

X = i
Tolcat (0a) |y (2K=200 FSIM20C J=7X
cPFf X X | PFf

and the voltage is defined by:
(2.21)

* Ml
qu5 = XTCLC *1 cdg5

Then, we apply the inverse transformation d-q, which allows to determine the
harmonic voltages of reference in the reference mark a-f3

ﬁv;&.,] _[cos(oa t) —sin(o t)Ilv" ]
v’ _Lsin(w 1) cos(o f) |V*|
|_ BSJ 5 5 g5

The three-phase voltage references Vv, of the feedforward loop are then

(2.22)
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obtained after application of the reverse transformation of Concordia

1 0
vl
| | 1 3 v
™ *
“WJ: 3-2 2 |
c5 1 ."3
_ _ N
"7 7

Finally, we add these three feedforward loop voltage references to the feed-
back loop voltage references to get the three active filter voltage references.
Then, each reference voltage V,. is compared with a triangular signal (here, of
frequency equal to 10 kHz) to produce the control orders of the power semi-
conductors of type THYRISTORS.

Continuation of Reference Currents
After determining the reference currents, the HAPF output currents are checked
so that they follow their references as closely as possible. The control can be
done by two main methods, namely:
« Control by hysteresis.
« Modulated hysteresis control

1) Control by hysteresis:

The hysteresis control, also called all or nothing control, is a nonlinear con-
trol. Its principle consists in first establishing the error signal which is then
compared to a template called the hysteresis band. As soon as the error has
reached the lower or upper band, a command is sent to stay within the band,
represented by Figure 8.

2) Modulated hysteresis control:

The modulated hysteresis control enables the switching frequency of the sem-
iconductors to be set. This command consists in adding to the error signal ¢
(€ =iy —i; ) @ triangular signal (S, ), of frequency f, and Amplitude A,.
The frequency f, must be chosen equal to the switching frequency that one
wishes to impose on the power components. The resulting signal then drives the
input of a 2Bh bandwidth hysteresis regulator whose output is used to control
the power switches. Figure 9 shows the principle of this command

3) DC voltage regulation V,

We have used a proportional integral regulator (P1) so that the average voltage
across the capacitor is kept at a nearly constant value. The value of the evaluated
voltage Vq. is compared to its reference V,, . The error signal is then applied to
the input of the PI regulator.

4) Determining the PI regulator parameters

The following relation gives the general expression of the PI regulator used in
our study

K,S+K;

0= (2.24)

K,: Proportional regulator gain
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Figure 9. Diagram of modulated hysteresis control.

Ki: Integral gain of the regulator
Figure 10 shows the Vg regulation diagram
The Gs) block is defined by:

1
Co=¢" (2.25)

S

The closed loop transfer function is then given by

Ko VK,
1+ J%s C
F (s) = (2.26)

2+ Pg+

C C

~

The general expression of a second order transfer function is:

1+ s

F(s)= \ K -
§° +28 0,5+
After identification with Equation (2.26),
K =02xC et Kp=2E/KC
We chose: w¢=2n x 18 rad/s et &= 0.6.

4. Simulation Results

In this section, it is important to recall the spirit of the research carried out in
this work:

1) Check the evolution of the current spectrum on the load side in the case of
balance and imbalance by presenting the THD each time at the clearly stated po-
sition.
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Figure 10. Diagram of Vdc regulation by a PI regulator.

2) Check the amount of current injected by the TLC-HAPF hybrid filter dur-
ing variations in the network operating hypotheses with a real-time estimate of
its THD.

3) Check the evolution of the current spectrum on the source side in the case
of balance and unbalance by presenting the THD each time at the clearly stated
position.

4) Evaluate the performance statistics of the TLC-HAPF filter over time in
general.

Simulink Model without Filter (Table 1 & Figure 11)

Balanced Network
Figure 12 shows the three voltages of the balanced network of the different
phases A, B and C.
Figure 13 shows the source current Isa of phase A. Phases B and C are not
shown because the loads are balanced.
Figure 14 shows the source current of phase A = phase B = phase C having
for THD = 30.88% over 5 cycles because the loads are balanced.

Network with Unbalanced Loads
The simulation parameters are as follows: (Figure 15).

Vs=380V;f=50Hz; Ld=1mh;Rd=30Q; R1=21Q; R2=10Q; R3 =25
Q;

Note: The same model is shown as in balanced regime, but the imbalance is
illustrated by an unbalanced resistive three-phase load connected in parallel with
our non-linear load.

Figure 16 shows the harmonic spectrum of the source current of phase A with
its THD equal to 18.80%. Also on 5 cyles.

Figure 17 shows the harmonic spectrum of the source current of phase B with
its THD equal to 23.58%. Pour 5 cycles.

Figure 18 shows the harmonic spectrum of the source current of phase ¢ with
its THD equal to 32.71%. Pour 5 cyles (Table 2).

Simulink Model with TLC-HAPF Filter (Figure 19)

The filter parameters used in the rest of our work have become in the following
Table 3.
513



International Journal of Engineering, Management, Humanities and Social Sciences Paradigms (Volume 31, Special Issue of January 2019)

ISSN (Online): 2347-601X and Website: www.ijemhs.com

Table 1. Parameters of the system to be simulated.

Vs f

Rd

Ld

380V 50 hz 30Q

1mh

Table 2. Summary table of the two cases.

THD For balanced loads

THD For unbalanced loads

PHASE A 30.88% 18.80%
PHASE B 30.88% 23.58%
PHASE C 30.88% 32.71%
Table 3. Parameters of the system to be simulated.
BALANCED LOAD
Vseft F Ls Rc Lc Ry
380 V 50 h, 15 Mh 0.022Q 15 Mh 30Q
PASSIVE FILTER PARAMETERS
Le LCPF CPF
5 Mh 30 Mh 68 pf
ACTIVE FILTER PARAMETERS
Rd Cd Vdc
16 1500 pf 105V
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Figure 12. Tension source réseau équilibré.
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Figure 13. Balanced mains source current.
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Figure 14. Harmonic spectrum of the balanced mains source current.
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Figure 15. Simulink model of unbalanced loads, three-phase network, non-linear load.
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Figure 16. Harmonic spectrum of the source phase A current.
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Figure 17. Harmonic spectrum of the phase B source current.
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Figure 18. Harmonic spectrum of source current phase c.
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Figure 19. Simulink three-phase network model with TLC-TLC-HAPF filter controlled
by modulated hysteresis.
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Network with Balanced Loads
Figure 20 shows the harmonic spectrum of the current injected by the TLC-
HAPF filter with its THD for the case of the balanced network which is at
44.60%. This quantity of current injected by the filter into the network will have
the task of stabilizing the disturbance from the load side.

Figure 21 shows the harmonic spectrum of the load current for the three
phases which are balanced here and with its THD equal to 17.39%. For 5 cycles.

Figure 22 shows the harmonic spectrum of the phase source current with its
THD equal to 3.71% after filtering.

The TLC-HAPF filter gives us a value of 3.71% for a Vdc voltage of 105V. This
result complies with the Limits of distortion of voltages at Pcc (IEEE 519-1996)
for voltages below 69 kv, for a THD between 3% and 5%. It is also reassured by
the work of [1] on the admissible values after filtering (Table 4).

DesMop Windew Help

—
loah

o]

Selected signal: 5 cycles. FFT window (in red): 4 cycles
' ' ’ r T

O~

0.02 0.08

0.0 0.03 0.04 0.05 0.06 0.07 0.09 01
Time (8)
FrT acarse
45 Fundamental (50Hz) = 6.611, THD = 44.60%
T T T T

40
§ 35+
-
g
3
225
3
& 3
s 20
£ 15+ :
o
-3
5 10 -

| I |
o —annallanannniil [TTT] 1 |ZBRIREN 2 s
0 100 200 300 400 500 600 700 800 800 1000
Frequency (Hz)

Figure 20. Harmonic spectrum of the current injected by the TLC-HAPF filter with its THD for the case of the ba-

lanced network.

Table 4. Summary table of system evolution 1.

THD Fee  THD of the current injected THD of the source THD of the load side

For balanced By the filter TLC-HAPF for side current after  current source after
Before filtering system correction Filtering Filtering
PHASE A 30.88% 44.60% 3.71% 17.39%
PHASE B 30.88% 44.60% 3.71% 17.39%
PHASE C 30.88% 44.60% 3.71% 17.39%
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Figure 21. Harmonic spectrum of the load side current with THD in the case of a balanced network.
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Figure 22. Harmonic spectrum of the source side current with balanced network THD.
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Network with Unbalanced Loads
The simulation parameters are the same as those in Table 3. In addition on a: R1
=21QR2=10QR3=25Q.

The current amplitudes of the three phases A, B, C varying between 10, 13, 18
A proof that the TLC-HAPF filter succeeds in adjusting the intensity according
to the disturbance or imbalance of the system.

Figures 23-25 respectively show the currents injected by the TLC-HAPF filter
into the network from which we have the values in THD for the particular case
of injection currents. Thanks to our experimental platform Simulink we also ob-
tain the other values in THD source dimension after filtering, values presented

in the following Table 5.

Table 5. Summary table of system evolution 2.

THD of the current injected .
THD Fee For Unbalanced . THD of the source side

By the TLC-HAPF filter for

. current after Filtering
system correction

Before filtering

PHASE A 18.80% 39.15% 2.08%
PHASE B 23.58% 41.66% 1.70%
PHASE C 32.71% 33.32% 1.33%

Time Series Plot:
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Figure 23. Filter current injected into phase A.
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Figure 24. Filter current injected into phase B.
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Figure 25. Filter current injected into phase C.

The TLC-HAPF filter gives us the values of 2.08%, 1.70%, 1.33% after filtering
on the source side for a VVdc voltage of 105 V. This result complies with the Lim-
its of the distortions of voltages at Pcc (IEEE 519-1996) for voltages less than 69
kv, for a THD between 3% and 5%. It is also reassured by the work of [1] on the
admissible values after filtering. We also note that the filter resists imbalance
very well and offers us quite interesting THDs. On the other hand, modulated
hysteresis control

5. Conclusion

In this article, it was a question of highlighting the particularity of the TLC-HAPF
architecture which offers advantages such as reducing or limiting switching
losses during the injection of currents into the network thanks to its TLC mod-
ule. This topology brings also solutions to dynamic performance issues, reson-
ance and a lack of compensating capacity for cases of imbalance conditions. It
also offers a greater compensation range than conventional active models that
do not offer as well as a link voltage CC of the order 105 v to 109 v relatively in-
ferior to the other models (600 v). A control by modulated hysteresis of this to-
pology was also developed in this paper and allows to obtain a functional analy-
sis of the network on the three phases at three levels: source side, load side, and
finally at the level of the connection of the filter to the networks by specifying
each time the value of the spectrum of the current and its THD at this t time well
defined. All of its particularities give the TLC-HAPF filter the ability to better
resist disturbances and variations to which the network is subjected. With regard
to its static performances, it becomes very interesting to compare its results ob-
tained with a command by modulated hysterisia with an H-infinite command,
for example, which also presents certain particularities in its algorithm.
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