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ABSTRACT

This paper deals with the hysteresis current
control based hybrid shunt active filter to
improve the quality of power in distribution
line by minimizing the harmonics. The main
harmonic sources of distribution lines are the
non linear loads and frequent switching of
industrial loads. The non linear loads take
discontinuous current and thus it injects
harmonics. The switching of loads produces
voltage sag and swells which leads to
harmonics in the lines. The proposed hybrid
shunt active filter is fully characterized by
series LC and shunt DC link connected
through 3-phase active filter. The disturbances
in the supply voltage and load current due to
frequent switching of a 5 HP wound induction
motor in the 415 V, 50 Hz distribution line are
observed using CW240 power quality meter.
The same is simulated in MATLAB with and
without filter. The simulation results obtained
from the proposed method proves that it gives
comparatively better THD value.
KEYWORDS— Hysteresis Current Control [HCC],
Active Power Filter [APF], Distributed Generators
[DG], Distribution Systems [DS], shunt active filters,
Voltage Regulation [VR] and Total Harmonic
Distortion [THD].

. INTRODUCTION

Harmonic pollution and reactive power in the
power system are the important power quality
problems. With the proliferation of non-linear
loads in industrial applications and frequent
switching of loads in the distribution systems, the
compensation of harmonic and reactive power is
becoming increasingly concerned. Shunt passive
filters have been widely used because of their low
cost and low loss. However, the performances of
the filters are very sensitive to the power system
impedance and series or parallel resonance with
the power system impedance may occur. Also,
the effective compensation with the variation of
the voltage cannot be carried out with passive
fiters. The filter performance of shunt active
power filter does not depend on the power system
impedance or any other constant parameters. The

compensation of harmonic and reactive power
can be achieved dynamically in the case of APF.
The research in this field has been done for many
years and researchers proposed several methods
of improving THD value up to 4% by eliminating
harmonics selectively or reducing it by using
different filtering techniques in the active filters.
The References papers have reported field test
results of active filters intended for installation on
power distribution systems. The active filter is
characterized by behaving like a resistor for
harmonic frequencies, resulting in damping out
the harmonic amplification throughout a
distribution line. Since the proposed distribution
system consists of four distribution lines, installing
the active filter on the end bus of each line is
effective in  harmonic damping. A static
synchronous compensator is one of the most
effective solutions to regulate the line voltage.
However, no literature has addressed the dynamic
behaviour of the active filter when it performs both
harmonic damping and voltage regulation at the
same time. The reactive power flow, the voltage
and current variations due to frequent switching of
5 HP wound induction motor in the 415V, 50Hz
distribution system are observed using power
quality meter and same is verified in the
simulation. The novel hybrid shunt active filter is
designed and simulated in MATLAB for same
application. The simulation results are shown to
verify the effectiveness of the active filter capable
of harmonic damping.

Il. HYBRID SHUNT ACTIVE FILTER FOR A
DISTRIBUTION SYSTEM
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Fig1: A Distribution system with filter [one line circuit]
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A. Harmonic Amplification & Damping

The Inductor in the fig 1 is the resultant of a
leakage inductance of a distribution transformer to
line inductances. The Capacitors are the PFC
capacitors installed by consumers. It is observed
that the fifth and seventh harmonic voltages
present in the system. The “harmonic
amplification” is resulting from resonance between
the inductance and the capacitance on the line
and its effect is more during day time compared to
night time. The shunt active filter for damping out
harmonic propagation is connected to a
distribution system. Fig. 2 shows the simplified
Distribution System having a shunt hybrid active
filter proposed in this paper. The transformer in
the pure filter is replaced by a capacitor in the
hybrid filter. The purpose of the capacitor is to
impose high impedance to the fundamental
frequency so that the fundamental voltage
appears exclusively across the capacitor. This
means that no fundamental voltage is applied
across the active filter.
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Fig 2. A typical 3 ® Hybrid Shunt Active filter

Fig 2 shows the detailed power circuit of the
hybrid filter, which consists of a three-phase
voltage-fed PWM inverter and [switches are
named as per their conduction sequence] a series
connection of L and C per phase. Note that the
tuned frequency of L and C is not the fifth-
harmonic frequency but around the seventh-
harmonic frequency. The reason is that the
seventh-tuned LC filter is less bulky than the fifth-
tuned LC filter as long as both filters have the
same inductor as L. The dc-bus of the PWM
inverter has only a capacitor without external
supply, and the dc-bus voltage is controlled by the
hybrid filter. The hybrid filter is controlled so as to
draw the compensating current i; from the
distribution line.

B. Operating Principle

The compensating current of the hybrid shunt
active filter consists of a fundamental component
and harmonic components and they are
determined by the impedance of the LC filter and
are controlled by the active filter. Three-phase
voltages and currents are detected at the

installation bus. The harmonic voltage V, in each
phase is extracted from the detected three-phase
voltage, and then the harmonic voltage is
amplified by a control gain K,. Thus the harmonic
current reference iq is given by

ich = KV*Vh (1)

The actual harmonic compensating current ic, is
extracted from the detected compensating current
ic. Assuming that it is equal to its reference i., the
hybrid filter behaves as a damping resistor of1/K,
[V/A] for harmonic frequencies. The optimal value
of K, is equal to the inverse of the characteristic
impedance of the distribution feeder. With this
value, the hybrid filter can damp out harmonic
propagation effectively.

lll. EXPERIMENTAL SYSTEM [proposed]
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Fig 3: Single line diagram of experimental system

In the experimental the harmonics are
generated either by switching the load frequently
or by connecting a non linear load. A three-phase
power distribution feeder simulator rated at 230 V,
50 Hz, and 20 kW is used for the laboratory
experiments. Table | summarizes the line
simulator parameters. When a lossless line is
assumed, the characteristic impedance of the
feeder simulator Z, can be calculated as

Zo=sqrt(L/C) (2)
A shunt hybrid active filter component values
given in the table — Il is connected to the bus. The

dc-bus voltage of the PWM inverter is controlled
to be 40 V. Note that the dc-bus voltage as low as
40 V in the 230-V system corresponds to a dc-bus
voltage as low as 1.3 kV. This means that
adopting a diode-clamped three-level inverter
allows us to use 1200-V IGBTs that are easily
available on the market at low cost. Referring to
[7], the control gain Kv should be set to the
inverse of the characteristic impedance of the
feeder.

TABLE 1; Parameters of the feeder simulator

Line inductance La=Lo=Lc 0.22Mh
Line Resistance Ra=Rp=R. | 0.02 or 0.05Q
Line Capacitance | C.,=C,=C. 350uF




TABLE Il; Parameters of the Hybrid Filter

LC Filter [1.3KVA]
L 2 mH
C 100 uF
Resonant Frequency fr 356Hz
Quality Factor Q 20
DC Bus Capacitor Coc 4700 pF
DC Bus Voltage Voc 40V

lll. HCC PRINCIPLE

The bidirectional switches shown in Fig. 2 are
controlled with  hysteresis current control
technique. In the balanced three phase system
and unity power factor operation, the three-phase
voltages and reference currents are equal in
magnitude and displaced by 120°. The switches
S4, S5, and Ss conduct when corresponding Phase
voltage is in positive half cycle and the
bidirectional switch is in the switch-off state.
Similarly, switches Ss, S, and S, conduct when
corresponding phase voltage is in negative half
cycle and the bidirectional switch is in the switch-
off state. In order to prove the instantaneous
power balance between ac source and dc bus, the
local average method is adopted [5]-[6]. In fig 4,
phase a current i, is controlled to track the
reference current within the window width /, and
same way the other two phases are carried out.
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Fig 4.Currents within one switching period
The phase a current being switched between
upper and lower bounds to track the reference
current(upper trace); Switch S; current (mid-
trace);bidirectional switch S, current (lower trace)
in the balanced three phase system and unity
power factor operation.
A. Operation during the Positive Interval of iics.:
It is explained by taking phase “a”
parameters and the other phase parameters are
assumed to be same. During O<t<t;, the supply
current i, flows through the bidirectional switch S,
rising from (ireta - 0.5ly) t0 (irera +0.51y) and during
ti<t< (t1+t2), the switch S, is off and the currents in
the input inductor continues to flow through the
freewheeling diode D1.It is assumed that the time
period (t;+t;) is so concise that i is considerably
constant. From fig.3 Let i1a be the current flowing
through the upper switch S; and iz, be the current

flowing through the bidirectional switch S.. The

average cl currents i1o and i, are
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When th;a bidirectional switch S, is on, the
correspondlng equation is
L— =1, (5)
Slnce the phase a current i, rises from (irera—0.51w)

to (iera + 0.514) within time t;, hence (5) can be
eypressed as

L= ©)
§ T
From (6) t1 can ve €Xpressed as t1=%"' — (7)

When bidirectional switch S, is switched off and
diode Dy is on, phase a current i, falls from ire. +

0. 5 lw tO irera— 0.5l within the transit time t,

L_ - 1",; 0.5Vdc (8)

From (8) t=gzm. o 9)

But 0.5V > va Substituting (7) and (9) in (3)
"l-.-

a=pr Vg irefa (10)

B. Operation during the Negative Interval of
irefa

During this condition, the phase a voltage
is in negative half cycle and the Switch S; is
reverse-biased and the phase a current will flow
through Switch S..It is similar to the operation of
positive interval of ireta.

Similar to expression (10), iz is also calculated as
¥y

|2a g irefa (1 1)

S|m|IarIy the phase b and phase c currents can be
obtained as

;Vh .
=0
i =1 Vie lreth 1:ll."eﬂ:l = } . (12)
0 (Iirefh < ﬂ}
0 1:ll."eﬂ:l = ﬂ}
= 2V . - (13
ho de lrafh 1:ll."eﬂ:l < ﬂ} ( )
21 .
: [ v Elreﬁ: (lreﬁ: = ﬂ} (14)
1c— ---
0 (ireﬁ: < ﬂ}
0 (lreﬁ: = ﬂ}
i,.= 2=, . -
oo v__clreﬁ: {lreﬁ: = ﬂ} (15)
dc

The sum of the upper diode currents i, i1, i1c
gives the upper dc link currents i;and the sum of
the lower diode currents iz, 12, i2c gives the lower
dc link currents.

The total instantaneous dc power pq. is
is Va,: ig Va,;

Pdc=—"7—" o +=—

= Va irefa + Vb irefb + Ve irefc """ (16)



Without considering the losses for a balanced
three phase system with unity power the
instantaneous power can be expressed as

pdc: 3Vp Iref = pac (17)
The reference supply current under unity power
factor can be obtained as

i Vie

I ref = ﬁ Idc (18)
Thus whenever there is any variation on the load
the reference current can be adjusted by the
output power estimator and dc link voltage
regulator, the ac side neutral current i,y can be
zero in magnitude and expressed as

2 27
in1= V2l ef [Sinwt + sin (wt - 5 ) +sin(wt + 5 )1-(19)

Substituting i in i1 and i, and summing them the
injection current iy, is obtained. Thus in; consists of
the sum of the currents through three bidirectional
switches, gm_d is given as
in2 = iz i1 =% sin (3wt)
Thus the expressions 18, 19 and 20 are used to
calculate the amount of current to be injected in
order to minimize the harmonics. The same can
be implemented in simulation model.

IV. TEST RESULTS

A 5HP induction motor is connected to the
three phase 415V, 50Hz distribution system
through a switch. The motor is switched on and off
frequently to monitor the voltage sag and swell,
current variations and reactive power flow. During
the test period the waveforms of load current and
voltage also monitored using Yokogawa CW240
power quality analyser. The results of them are
given below and are taken by using print screen
option in the instrument.

LIST LOAD1 INST. °19/%2:%F
Do ytRING
Ul 232.8 I1 4.08 @ 3P4
Uz  209.8 12 4.12 @ |LOAD
Us  227.5 I3 4.38 # 1
Uave 230.0 W Iave 4.19 A Q{ 5?%3
f 206
. | X 1.00
P 2.64 KM PH -24.2
] -1.18 kvar f 49.63 Hz BLL
A i s
: INTER.
100ms
DISPLAY ‘ ITEHW SETTING ‘ HOLD
CH&MNSE HANGE CHECE

The above readings are the values of
supply voltage, motor current, real and reactive
power, power factor and frequency under normal
condition. All of the values indicate that the
variations are within the acceptable limit.

The below table gives the vales of voltage
sag and swell occurred during the motor switched
on.

VOLT. QUAL ITYEIN ALL 201903123
[ 16/100
Date Time (Itm| CH|I R Period

~09/29 12:43:12. 208 |Swe
09/29 (12:43:12.208 |Dip
09/29 (12:43:12. 208 |Swe
09/29 (12:43:12.208 |Dip
09/29 (12:43:12. 208 |Swe
09/29 (12:43:12.208 |Dip
09729 (12: 43:15. 899 |Swe
09/29 12:43:15.399 | Int
09/29 [12:43:15. 899 |Swe
09/29 12:43:15.399 | Int
09/29 [12:43:16. 899 |Swe
09/29 12:43:15.399 | Int
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The voltage has gone to minimum of 45V
from 230V for a moment and attains to its normal
value. This phenomenon leads to a harmonic
injection according to the Fourier analysis

The current waveforms are much
deteriorated from the supply voltage waveforms
which clearly indicate the harmonics due to
switching of loads. Hence in the distribution
system the harmonic sources are the non linear
loads and switching of industrial loads. These are
taken as a case for simulation and the results are
obtained shows the scope of the paper.

U WAYVEFORM 20198322
Do yIRING
—1  :233.3 % —U3  :22G.8 P4
-------- Uz :230.1 Y LOAD 1
MR Uos,
A e 1 600V
- - W .
X X A
SN LN A LK
/ \\,” NS Pl
) ,}\\ /}<\ T somz
T INT1E§ans
E—
DIGFLAY | CH
CHANGE | cHawge | U 200OM HOLD

V. CONTROLLER DESIGN

The load current samples are fed to the
PLL to generate their fundamentals and are
transferred from three phase to two phase
quantities. The ripples are filtered by LPF and
then they are transformed to three phase
quantities. This reference current(iceta, ireto, irefc ) IS
added with the load current ia i & ic by comparator.
The error generated is then sending to the HCC.
The hysteresis current controller (HCC) generates
pulses based on the current window width (lu).



The pulses are used to trigger the switches in the and their types. Hence a dynamic filtering system
filter such a way that the filter observes the is required to reduce the harmonics.
harmonics when the error current exceeds the

. . e ’ Selected signal: 50 cycles. FFT window (in red): 1 cycles
window width and it injects the current i, when the

error current is below |,. Thus the harmonics in ]
the load currents are minimised much better than
the methods like sliding mode control, shunt or 0

series active filters exc. The simulation model and

its results are given in the following figures. 3
B\ Non 0 0.2 04 0.6 08 1
as, | Linear Tirie (3)
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Fig 5 Block Diagram of Triggering Pulse Generator 5 el
VII. SIMULATION RESULTS =
The THD value without filter is 22.91%. .
The large amount of harmonics in the distribution 0123456789
line produces high value of THD. This value may Harmonic arder
vary time to time due to switching of new loads FFT window of load current without filter

VI. SIMULATION MODEL
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The HCC based hybrid shunt active filter is connected to
the distribution system and simulated. The THD value
has reduced to as low as 3.46%. The result is given
below.

Selected signal: 50 cycles. FFT window (in red): 1 cycles
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VIIl. CONCLUSIONS
The harmonic pollutions in the 415V, 50Hz

distribution system due non linear loads and the
switching of industrial loads are analysed with the
simulation and measured results. The HCC
principle and its implementation are explained with
mathematical proof. The dynamically produced
triggering pulses for the hybrid shunt active power
filter fetches good results for this method. The
results of this method can be validated and it will
be the future scope of this study.
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