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Abstract—This paper proposes a combination of a
three phase shunt hybrid power filter (SHPF) and a
thyristor controlled reactor (TCR) for compensating
harmonic currents and reactive power. The SHPF
consists of a small rated voltage source inverter (VSI)
in series with a 5™ harmonic tuned LC passive filter.
The rating of the VSI in the SHPF system is much
smaller than that in the conventional shunt active
power filter because the passive filter takes care of
the major burden of compensation. The task of
reactive power and harmonic compensation is shared
by the combination of the SHPF and the TCR. The
tuned passive filter and the TCR form a shunt passive
filter (SPF) to compensate reactive power and
consequently the SHPF is used to eliminate harmonic
currents. The control of the SHPF is based on a
nonlinear control technique method. The dynamic
model of the SHPF system is first elaborated in the
stationary ‘abc reference frame and then
transformed into the synchronous orthogonal ‘dq’
reference frame. Fuzzy logic control is for the DC
voltage and predictive control for the current. The DC
voltage FLC handles the system uncertainties and
nonlinearities, hence improving the transient
performance. In addition, the proposed predictive
current control technique features phase locked loop
(PLL) independency. The simulation results are
discussed, and the performance of the topology
therefore evaluated.

Key Words: Shunt Hybrid Power Filter, Thyristor
Controlled Reactor, Fuzzy Logic Controller and
Harmonics.

1. INTRODUCTION

Power supply system suffers from serious problems of
significant harmonics currents with poor input power
factor caused by nonlinear loads. The line current
harmonics cause increase in losses, instability, and also

voltage distortion. Traditionally, both passive and active
filters have been used near harmonic producing loads or
at the point of common coupling to block current
harmonics. Shunt filters still dominate the harmonic
compensation at medium/high voltage level, whereas
active filters have been proclaimed for low/medium
voltage ratings. Passive filtering has been preferred for
harmonic compensation in distribution systems due to
low cost, simplicity, reliability, and control less operation.
Passive filters are found suitable with diverse
applications involving reactive power together with
harmonic compensation by thyristor switched filters
(TSF) which contains many passive filters and the
variation of load power can be adjusted [1]-[2]. The
problems of passive filters can be mitigated by active
filters have a good performance and more effective in
harmonic compensation but for large scale system the
active filter cost is high [3]-[11].

Hybrid filters soften effectively the problems of passive
filter and an active filter solution and provide convenient
harmonic compensation, particularly for high power
linear loads [12] - [15]. Many techniques such as instant
reactive power theory, synchronous rotating reference
controller chassis, sliding mode, techniques of neural
networks, nonlinear control, pre-control, Lyapunov
function- based control [16]-[18], etc., have been used to
improve the Performance Filters and hybrids.

Different topologies filter to compensate harmonics and
reactive power has been reported in the literature [19] -
[22]. In [19], an air conditioner consists of an active
topology multi-converter by operating in parallel with a
hybrid conditioner has conditioner It has been proposed.
The hybrid air conditioner is constituted by one or more
passive filters in series with a filter for rated active power
low (APF). Conditioner compensates harmonic distortion,
unbalance, and reactive power in three-phase four-wire
systems. This topology provides a solution high-power
level, which is convenient because of kilovolt ampere
Rating Reduction inverters.
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Ahybrid basic configuration on thecombination of a
three-phase three-level neutral point blocked (NPC)
inverter and a series connection of a level three H-bridge
inverter with a control system to control the novel
variable voltage generator stage H-bridge has been
presented in [20].In this topology, the inverters used to
provide NPC the total active power, while the bridge is
operating as series Filters for harmonic compensation
output NPC Voltage. The rating of the active filter range is
reduced because the latter only provides the reactive
power for the operation of the floating capacitor. In [21], a
combination of a thyristor controlled reactor (TCR) and a
hybrid resonant impedance APF harmonic cancellation,
load balancing, and reactive power compensation was

2. SYSTEM CONFIGURATION OF SHPF-TCR
COMPENSATOR

Fig. 1 shows the topology of the proposed combined SHPF
and TCR. The SHPF consists of a small-rating APF
connected in series with a fifth-tuned LC passive filter. The
APF consists of a three-phase full-bridge voltage-source
pulse width modulation (PWM) inverter with an input
boost inductor (Lz. Ez) and a dc bus capacitor (Lz;). The
APF sustains very low fundamental voltages and currents
of the power grid, and thus, its rated capacity is greatly
reduced. Because of these merits, the presented combined
topology is very appropriate in compensating reactive
power and eliminating harmonic currents in power
system. The tuned passive filter in parallel with TCR forms
a shunt passive filter (SPF). This latter is mainly for fifth
harmonic compensation and PF correction. The small-
rating APF is used to filter harmonics generated by the
load and the TCR by enhancing the compensation
characteristics of the SPF aside from eliminating the risk of
resonance between the grid and the SPF. The TCR goal is to
obtain a regulation of reactive power. The set of the load is
a combination of a three phase diode rectifier and a three-
phase star-connected resistive inductive linear load.

MODELING OF SHPF AND TCR

2.1 SYSTEM CONFIGURATION OF SHPF-TCR
COMPENSATOR

proposed. The control strategy the system is based on the
voltage transformation vector to compensate for the
reverse current caused by unbalanced load, without the '
use of phase locked loops. a predictive current controller
based on Smith predictor is proposed to compensate for
the waiting time generalized . A combined system a static
var compensator (SVC) and a small-rated APF harmonic
suppression and reactive power compensation has It was
reported in [22]. The SVC is constituted by a Y connected
power of passive filter and a delta-connected TCR. APF is
used to eliminate harmonic currents and to avoid
resonance between the filters and the impedance of the
passive power.

Fig.4.1 shows the topology of the proposed combined SHPF
and TCR. The SHPF consists of a small-rating APF
connected in series with a fifth-tuned LC passive filter. The
APF consists of a three-phase full-bridge voltage-source
pulse width modulation (PWM) inverter with an input
boost inductor (L. Ez) and a dc bus capacitor (£z.). The
APF sustains very low fundamental voltages and currents
of the power grid, and thus, its rated capacity is greatly
reduced. Because of these merits, the presented combined
topology is very appropriate in compensating reactive
power and eliminating harmonic currents in power
system. The tuned passive filter in parallel with TCR forms
a shunt passive filter (SPF). This latter is mainly for fifth
harmonic compensation and PF correction. The small-
rating APF is used to filter harmonics generated by the
load and the TCR by enhancing the compensation
characteristics of the SPF aside from eliminating the risk of
resonance between the grid and the SPF. The TCR goal is to
obtain a regulation of reactive power. The set of the load is
a combination of a three phase diode rectifier and a three-
phase star-connected resistive inductive linear load.

2.2 Modelling of SHPF Vaar=Le T 4 Rpi oy +Ves +Va +oy
From fig 4.1 using Kirchhoff's voltage law, dva. 1
dizgy . TR
“sc:.:f-;-T‘FR;-%.:ﬁ“'c.:‘:.*‘“'m.“"m (1)
Vega=Ly dl::: + Rpi oyt Veps +¥oz +¥oy . The switching function ¢;of the i** leg of the
t converter (fori=1,2,3) is
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Fig. 1: Basic circuit of the proposed SHPF-TCR compensator

. The absence of the zero sequence in the AC
currents and voltages and in the [dy;] functions leads
to the following transformed model in the three
phase coordinates.

I'-:E:-n:j. _ R
Le = —Rgipgy — GmVg; — Very + Vg
at
i as . ) ) )
L:-' df - _R}"r:" - drr.:l’dr — Vgpg F Vegz
Gizgs .
Ly dt = —Rgpi gz — GmaVae — Vepz t Vean

A switching state function dy; is

1y
Bmi = ':':'L'_:EF!:LE?! Jn

(3)
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Shunt active power filer

= dmifrci + dm::—rc: + dm!:—r:!
(4)

Since the fundamental steady state components are
sinusoidal, at the constant supply frequency
synchronous orthogonal frame rotating the system is
transformed.

quu!=

[2 | cos@ cos(8—2n/3) cos(8—4n/3)

N2 |—sin@ —sin(@ —2n/3) —sin(@—4n/3)
(5)

Where 6=wt
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. The existence of multiplication terms between the . The transfer function of the above proportional
state variables {iz.ig.Vi:} and the switching state integral controllers are
function {d.4. 5.} causes nonlinear and the model is _ U, (s) _ -
time invariant during a switching state. Gy (s) = i(s)  rt -
. Here the principle of operation of the SHPF g () -
requires that the three state variables have to be Gz (s) = T S Kt
controlled independently. o %
. The interaction between the inner current loop . The inner loob of the current i - is as shown in the
and the outer DC bus voltage loop can be avoided by i p e
adequately separating their respective dynamics. below figure
HARMONIC CURRENT CONTROL: . The closed loop transfer functions of the current
loops are
. A fast inner current loop and a slow outer DC .
voltage loop are adopted. The above two equations (s +74)
can be written as faGs) _ Jepa fep1
I,°(s) A Btk
d 2 )
dvge mg  dmg s +( T2+
=—is+ fg———
dt Cdr ':r.'r i Cderr ki
sk '33*'3"';'3'
tE 4 3:+|:L:L=:Lg+;l.i:
(8)
3 u .
N s kg Where A=L(1 — C;Lyw?)+ Ly and
' _v+[i"§1f' - B=Rz(1 - Celraw?).
. The closed loop transfer functions of the current
loops having the following form
Pars |:3+.—‘_:|;‘11‘.':|
: falE _ i
Fig 4.2: Inner control loop of the current. e 2G cipy; ENETONPPR
. The currents i;andican be controlled ©)
independently. Moreover, by using proportional Where ty;; =outer loop natural angular frequency
integral compensation, a fast dynamic response and
zero steady state errors will achieve. G=damping factor
. The tracking controllers expressions are
wg = L1 = Colypw®)+ L) % $R.(1 - Cilyw?)i, DCBUSVOLTAGE REGULATION:
. In order to maintain the DC bus voltage level at a
= kyiyg +k; J‘ idt desired value, acting on i, can compensate the losses
through the hybrid power filter components.
dud: Par _ -
. CI’..'E ar +R_¢.:_qulq
. dig .
ug = (Le(1 = Celrw®) + L) 1+ Re(1 = Colre®)iy (10)
. The three phase filter currents are given by

= kyly + K; [ ipdt
(6)
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) —sing V(5 _ S+
:-L-El = E: —Siﬂ(e - i) Vi (5] - _IECt-"m; 52+ 28ty S+ Wy
teaz | = L 3 -
fraa N —sin(@ — :_":] (17)
E The closed-loop transfer function of dc bus voltage
(11D regulation is given as follows:
EZpFple -.E__z;-a',-r,
. The fundamental filter rms current [ Veel) _ _ Vgctge  Virfde
L"E:I:S:I 5:+"3_2F5P"-P'=5+"3_2F'xi'=
i VaeCde VaeCde
or = (18)
(12)
. The q axis active filter voltage g, is expressed as
Pog = QmgVae = _zfliqll-
(13) 2.3 MODELING OF TCR:
Where Z ;_lth_e. impedance of the passive is filter at . Using Kirchhoff's voltage law, the following
50Hz and :li'l isaDC component. equations are obtained:
An equivalent input g, is Vzgy =Ly d:rn + L;m:_:i + Rplcgy + Gy vy
Uge = ':?mq':-q' . _p ipra dicaz B .
(14) Vegz=Lp ar + Lpr at + Relcgr + dpaVa;
dipp dicg .
The control effort of the DC voltage loop is Vgz=Lr f + Lz f + Rpipgs + dpmavg,
, e Ui (19)
g, = “Zriig Ude
(15) . Applying Park’s transformation
diyrg _ _ dig
i§1(5) Udc[S] L) T LT(a]m.LTq.-I-E;m.q—E;E—R;Ld—dmbdf-l-bd
— — V S]
v (s), Ve 3z, 1|l icry i,
dc()+ . N g erS > Ly () — :—.E.-]-{I'I:]Edf}_;]'d+I-Fﬁdi-d_-{-;'?_3;'fﬁ'_
de £ Amg Pac T 1y

(20)

The Reactive part is chosen to control the reactive
current so that ;=0 and Ly (a)w;Lrd =0

Fig 3: compensated voltage regulated model

dirg ) dig )
Pl Bla)w[—Lpwig — L;? — R;—:l.'. — qu. Vel
To regulate the DC voltage Vs, the error (21)
¥ gy 7 : .
Vic = Vg — Vi is passed the PI type controller is B («) =1/Ls (@) is the susceptance
given by
ug, = K,V + K, [ 7 . An equivalent input u.r is
(16) dirg
M T
The response of the dc bus voltage loop is a second-

22
order transfer function and has the following form: (22)
. Then
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5 UgT dig Re(i-Cplrw®) . _
{ﬂ]—w[_brwu ,,,A:' Rpip-Gmava: dt | (irli-criw?}+iy) 9
1 v i
(23) PR [+m{£.-—{1 — Celw?) + L)ig
. The equivalent inductance is 2wle L;'E + g L : 1 I::‘J. - C;Lm:}dﬂqt{“ +
Lela) =1 PRSP — {1 - C:-'Lm‘}ll’r.']
(24)
(27)
*Then the susceptance is
By replacing eq 27 in eq 6, we get
B{Et:] _ E I +2 I2'+E1I:II o)
1 .

Where B=1/L (& ey

*A PI controller is used to force the reactive current
of the SHPF-TCR compensator to follow exactly the
reactive current consumed by the load.

di, 1
dt ~ (Lz(1 — CoLw?) +1,

— (1 = Colaw®dngVy, + 1 — C,L

1
t (L,(1— Cplw?) + L)

—(1 - Cplaw®dpaVy + (1 — r:;La;F]Lg]

(26)
We can write the above equations as,
did R‘r(l - C;L-'_rm:] .
dt +(L;(1— Clut)+1,)
B 1
(0 - Cla) 4 1)

= (1 - ColaDdygl, +(1- c,.meJvd]

3. RESULTS

$ally(1 - Cila')+Lig

ug o e(e(1 = Crlw?) + L)ig-

T (1p(i- CpLa? +ir)

(1— Crlaw®)dngVy + (1 — Colaw® V]

(28) d, dzl’"r,rd

Vefg
—Rp(1—-Celrw®)ig+ wl(ly(1 — Colaw®)+ L)i, — 2wCrL—— + C:L
) [ ( i From the above eqr'l'latlon we gétithe controfkiw and

a;-:]tg] they are represented as

dpz —[m{l (1- Crlw®) +L)i;+

[1- cpiw? g

[—R,_(l — Colra®)ig+ (A - r:;ﬂ;}‘ﬂ’:ﬂf—}Emr,iér%i—ﬂ’:f,éﬁ’—'}f:@“d]

(29)

g —[m{i (1- Colew®)+L)ig+

(1- cprw? Vg

{1 — Cele® )V, — {LF{I — Cela®) + L)ug)

(30)

by,  dhy
?mCL—HL

dt

simulations were performed using the

numerical simulator “Power System Block set” operating in
Mat lab / Simulink, in order to verify the operation of the

3.1 SIMULINK MODEL OF PROPOSED SYSTEM WITHOUT proposed compensator SHPF - TCR via nonlinear control.

COMPENSATION
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Fig 6: THD analysis for current at source without

compensation
Fig 5: output waveforms for voltage at source, current at

source and current at load.
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Fig. 8. control scheme SHPF-TCR compensator with fuzzy logic controller.
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Fig.9.source voltage,
current, reactive load current, filters current , DC voltage
for Shunt Hybrid Power Filter and Thyristor-Controlled
with fuzzy.

source current, nonlinear load

TABLE: SPECIFICATION PARAMETERS

K, = K, = 0.37408

Outer controller K, =0.26; K; =42

parameters

TCR inductance L=25mH

L-L source voltage and
frequency

1=440v; f;=50Hz

Line impedance

L, =0.5mH; R, = 0.10

Nonlinear load

L, =10mH; R, =270

Linear load

L., = 20mH; Ry, = 2700

Passive filter parameters

L; = 1.2mH, ; = 2404F

Active filter parameters

€2 = 30004F, Ry, = 1K02

DC bus voltage of APF of g = 20V
SHAF
Inner controller Kzy = Kpy = 43.38

parameters

— FFT analysis

Fundamental (50Hz) = 34.31, THD=1.27%

= =
o ==
T T

=
=
T

Mag (%% of Fundamental)

02r

0 2 4 b B 10 7 1 % 18 2N
Harmonic order

Fig. 10. Harmonic spectrum of source current in
Shunt Hybrid Power Filter and Thyristor-Controlled
with fuzzy.

CONCLUSION

In this project a SHPF-TCR compensator of a TCR
and a SHPF has been proposed to achieve harmonic
elimination and reactive power compensation. A proposed
nonlinear control scheme of a SHPF-TCR compensator has
been established, simulated, using Fuzzy controller. The
shunt active filter and SPF have improved the performance
of filtering and to reduce the power rating requirements of
an active filter. It has been found that the SHPF-TCR
compensator can effectively eliminate current harmonic and
reactive power compensation of loads.
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