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ABSTRACT — This paper demonstrates the
result of simulation when we induct a passive
single tuned filter with a 12 pulse converter circuit.
Harmonic occurrence is one of the major concern’s
in operation of these power electronic devices,
research and studies have been made to bring down
the harmonic distortion level. The upshot in the
harmonic occurrence leads to overheating of
devices, scaling down of efficiency of transformers
and affecting efficacy of the power electronic
devices thus leading to increased system cost and
running cost. We depicted a model of rectifier
circuit and a VSI model linked with passive tuned
filter and in which a close to practical R L circuit
has also been utilized. the output current increase
due to harmonics have been tried to bring down to
a satisfactory level and reducing the THD level we
are targeting 5 th order harmonic as lower order
ones are more dominant specifically 3rd order. The
results have been found satisfactory and has been
shown below for the same.

Keywords— Harmonic analysis, passive shunt
filter

I. INTRODUCTION
In today’s world effective power
transmission is one of the major challenges. A huge
amount of power is transmitted over long distances.
In the process of power transmission, there are

various issues which occur in the power system
formulating power quality issues and from them, the
major and more concerning is Harmonics. In HYDC
transmission system, AC to DC conversion takes
place at the sending and through rectifier and then
DC to AC conversion takes place through inverter
at the receiving end[5]. Major devices used in these
converting stations are non-linear, power electronics
devices. Causing harmonic current and voltage
effect to some extent. These harmonics currents are
small in magnitude but their combined effect leads
to serious level harmonic distortion and problems
like power loss, thermal stressing, loss of equipment
life and in severe cases leads to collapse of power
system.[6],[7]

To resolve these problems to some extent
we use PWM based rectifier capable of controlling
dc bus voltage, bi-directional flow of power, unity
power factor and sinusoidal line current.

At the sending end, delivering 3-phase
power we use rectifier of different pulse scheme
like 6-pulse, 12-pulse, 36-pulse, etc. But, with the
increase in no. of devices used so as the cost also
increased. Therefore, for a most economical and
effective system we usually prefer 12-pulse rectifier
among all. In order to reduce the harmonic content
several techniques like PWM, SUPWM are used
[12],[13]. In this paper we have tried to design a
shunt passive filter which further used to mitigate
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the THD level in the circuit and compared the levels
of THD with and without filter.

Harmonic  are  distorted  electrical
waveform that introduce in efficiency into our
Electrical System. Harmonic current and voltages

are created by non-linear loads connected to power
distribution system. It is a pollution for the electrical
system causing issues in system if they sum up
together and exceed above a certain unit.

DRIVING 3-PHASE (12 PULSE)
CIRCUIT " FULLY CONTROLLED
MECHANISM RECTIFIER

3 PHASE 180 MODE
VOLTAGE SOURCE

INVERTER FILTER CIRCUTT
‘ MECHANISM
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Fig.1 Basic block diagram
All power electronic devices used in I. METHODOLOGY

different roles increase harmonic disturbances by A. Driving Circuit Mechanism

injecting harmonic currents in line. Common non-
linear loads including motor starters, variable speed
drive electronic devices etc. These harmonics cause
overheating of transformer, cable, motors,
generators, capacitors and other devices connected
to the same. It also causes electronic display and
lightening to flicker, circuit breakers tripping and
causing chances of system failure. These effects all
together lead to financial and technical problems in
system[3].
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The depicted driving circuit model is
designed with the help of MATLAB Simulink
R2018a software. It acts as a triggering system for
the main VSI module.

In the circuit we use a PWM based 12
pulse generator model which is used for the
purpose of triggering i.e. giving 12 pulse to the
system rectifier. The switching scheme is set in
such a manner that every single SCR remain ON
for 30° of a cycle.
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B. Reactive Power and Inverter Circuit

The layout of a 12 pulse VSC model is
depicted in fig.2 the VSC model is 2 converter
system i.e.one is rectifier and other is inverter. The
reason for using VSC is as CSC based models have
a high chances of commutation failure[2]. In the
paper we present a 12 pulse converter configuration
for a where our main of focus lies on VSI mode
simulation. We investigate the THD percentage of
in both the cases of with and without filter.

The main reason for having a 12 pulse
configuration for the VSI model is due to lower
switching count[2]. At the end we have 3 single
phase voltage sources each having peak amplitude
(V) of 311V having 120° of phase shift from the
other voltage source.

The 12 pulse bridge having 12 SCR switch
getting triggered at different time. The DC line to
line voltage 530 V is fed into the rectifier circuit as
an input. So following the AC to DC conversion
process further the output from rectifier is fed into
the inverter and now DC to AC conversion is done
and we get the output from the inverter as 311 V. In
addition to this converter circuit we add a passive
tuned filter with each phase and each branch of it
carries value of Resistance (R) as 0.001 ohm,
capacitor (C) as 1 micro-farad and Inductance (L) as
10 henry.

Also to calculate the real time performance
we of the system we apply a load having Resistance
of 50 ohm & Inductance of 1mH. The proposed
system is analyzed under two conditions. First is
without filter and the other is with filter on
obtaining the results again perform a comparison of
both THD percent under both the conditions. This
12-pulse converter generating a desired phase shift
of angle 30° by using the formula of V (360/no. of
pulses). To achieve this type of phase shifts
configurations we can have star delta configuration
or star zigzag configuration but we prefer star
zigzag configuration as it provides a symmetrical
system compared to another configuration. [26]

C. Designing of Filter

Passive tuned filters are considered a dual-
purpose component in any transmission system as
it serves both the purpose of current harmonic

1
ﬁ,;,'lr = ——
VIC
As the resonance frequency,
1
X, =wl=—
il

compensation as well as the power factor
correction. It is the most common method for
harmonic elimination.

Designed on the concept of single tuned
commonly referred as band pass technology,
passive tuned filters have a higher value of quality
factor (q). As we are using shunt passive filter it
would be in parallel connection with rectifier
circuit (load). Passive filters have been used in
HVDC convertor system right from the beginning
and continue to be used. Tuned filters are used
filter out individual harmonics both characteristic
capable of diverting all currents a specified
frequency by offering low value of impedance.
Serving the purpose of filtering of harmonic
currents they have another tendency to be depicted
in their design which is reactive factor to a suitable
level.

To achieve a significant level of
harmonics removal a number of filter banks are
required to be connected in shunt. Most frequently
used passive filters are tuned filters referred or
band pass filter to deal with lower ordered
harmonics of order 5 7" 11" 13",

As we use a single tuned passive filter it
remains tuned to a single frequency level [8],[9]. In
a single tuned passive filter reactances of both
inductive and reactive loads should remains
same. In an HVDC system only 36 pulse and above
pulses are capable of supplying a pollution clean
power with a 2 level converter system [11]. But
higher pulses leads to cost inflation and complexity
of system. So to serve our purpose and keeping
system economical we use lower order pulse
system. In operation of a 12 pulse convertor
station, tuned AC filter are used for 11" and 13"
harmonic in addition to 3" harmonic which may be
problematic. Passive filter in case of AC filter also
act as a source of reactive power for required for
line commutated converter (LCC).

The basic objective in designing the filter
is to select the filter admittance (Ys,). The cost of
reactor and capacitor which makes up the tuned
filter are dependent on their respective ratings. For
a single tuned passive filter, we define
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As the reactance of inductor L at resonant frequency.
The impedance of the reactance becomes zero at h=h, where h; is order of harmonic for which filter is designed.

We define sharpness of tuning in terms of g (quality factor). [1]
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Fig. 3 Single tuned band pass filter
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f, = resonant frequency
L,= Inductance of tuned filter
C,= Capacitance of tuned filter
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Q= capacitive reactive power
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IV. SIMULATION
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Fig. 5 FFT pattern (without filter)
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V. RESULT

Analyzing the above simulation results we
found the THD level for the above depicted system
without filter comes out to 16.20% and with filter it
comes out to be 14.32% as same can be seen from
Fig. 5 we can notice a significant scaling down in the
occurrence of 5th harmonic from the above FFT
pattern shown in Fig. 6.

VI. CONCLUSION

On performing simulation of a 12 pulse
converter system we witness an enhancement in the
power quality parameters. Moreover when this system
is operated with a passive tuned filter, it provides less
polluted power. Based on simulation results of the
proposed system we conclude that the operation of 12
pulse converter with passive tuned filter gives better
results as compared to the one without filter & keeps
the cost economical.
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