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ABSTRACT

Transmission of power through High Voltage
Alternating Current (HVAC) Transmission lines results in
power losses in the transmission line, higher the length of
transmission line higher the losses, furthermore cost of
transmission line also increases with length. In order to
maintain the voltage within the limits, reactive power also
need to be transmitted over the same line which again
increases the power losses. In order to overcome the above
problems, High Voltage Direct Current (HVDC) is preferred
to transmit the power when the distance of transmission is
above 500kM, which requires only one conductor for
Monopolar Link and ground acts as return conductor. The
converters used for conversion of power from ac to dc
produce harmonics, which can be handled with the filters. In
the proposed work a 12-pulse HVDC converter with Hybrid
Active DC Filter (HADF) consisting of 100 MVAR Shunt
Passive Filter and Shunt Active DC Power Filter controlled
by fuzzy and simulated in
MATLAB/Simulink, Shunt Active DC Power Filter handled

the higher order harmonics and compensated the remaining

logic is designed

reactive power in addition to passive filters.

KEY WORDS: High Voltage DC Transmission, Passive
Filters, Shunt Active DC Power Filter, Hybrid Active DC

Filter, Fuzzy Logic Controller.
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1. INTRODUCTION

Electrical Power when transmitted through High
Voltage Alternating Current (HVAC) Transmission lines to
the load, some amount of power is wasted in terms of losses
which occur in the transmission line due to its parameters
like resistance, inductance & capacitance also skin effect,
corona loss will also add to these losses. Furthermore to
maintain the voltage within the specified limits, reactive
power needs to be transmitted through these lines which also
add to these power losses. To overcome above drawbacks the
alternative solution is High Voltage Direct Current
transmission. Transmission of Electrical Power through
HVDC is economical when the length of transmission is
above 500kM. HVDC has many advantages over HVAC
such as low power losses, thinner conductor, small
transmission towers, asynchronous interconnection of two
grids with different electrical parameters, underground and
under water power transmission etc.,[1]

On the other side HVDC transmission also possess a
drawback such as generation of harmonics by converters,
which can be reduced by additional filters installed at
converter stations both at sending and receiving end. These
filters can be either passive filters, active filters or both.

2. TWELVE PULSE RECTIFIER
In the proposed work a Twelve Pulse HVDC

Rectifier with Hybrid Active DC Filter (HADF) consisting of
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shunt passive filters and shunt active dc power filter
controlled by fuzzy logic is designed in MATLAB/Simulink
as shown in Figure 1.
2.1. Shunt Passive Filters

The shunt passive filters such as, a Capacitor Bank,
C Type High Pass 3rd Harmonic, Double Tuned 11th & 13th
Harmonic, High Pass 24th Harmonic Passive filters were
designed for handling the dominant 11", 13" & 24"
harmonics with total reactive power of 100 MVAR as shown
in Figure 2. The following equations were used for designing
the passive filters,
Single Tuned Filter [2]:

kv?2
o 1)
wllere, X, : Capacitive Reactance, kV:Voltage in kV,

Q. Reactive Power
1

X, =

XC = 2nfCq (2)
X

X = jgl 3)

X, = 2nfL (4)

Xn = VXX, ()
Xn

Rn = ? (6)

C-Type High Pass 3" Harmonic Filter [3]:
02-1)Q
c=L2e (7)

wllere [] : Harmonic Order, Q: Reactive Power.
w =2nf,V:Voltage

L= ——— (8)

R= Qw L (9)
Double Tuned High Pass Filter (11" & 13™ Harmonics) [4]:
Let C, L, be the Capacitance & Inductance of 11" order
harmonic Filter

Let Cy,, Ly, be the Capacitance & Inductance of 13" order
harmonic Filter

C, = C,+Cy (10)
_ 1
L= CaWZ+ CyW (11)
1
W= T (12)
WaW,
W, = st (13)
w2 w2
1__11 1__11
( W§>< W2>
Lz = sz (14)
1
C; = PR (15)

The design parameters of shunt passive filters were shown in
Table.1.

2.2. Shunt Active DC Power Filter

A shunt active dc power filter capable of mitigating high
order harmonics and providing a reactive power of 330
MVAR is designed in MATLAB/Simulink with reference dc
voltage of 900kV and dc link capacitance of 47 pF is
controlled by fuzzy logic assisted PI controller as shown in
Figure 3.. Fuzzy Logic Controller for kp, ki and their
membership functions are shown in Figure 4-Figure 7.
Fuzzy Rule Base for kp, ki were shown in Table 3 & Table
4. The design parameters of the proposed system are shown
in Table.2.

Table 1 Design Parameters of 100 MVVAR Passive Filters

Shunt Passive Filters (100 MVVAR) for Twelve Pulse Rectifier 475kV,

50Hz
Capacitor C -:;);gg :Ig-!jgh Double Tuned 1_1th High Pass _24““
Bank Harmonic & 13" Harmonic ~ Harmonic
(25MVAR) ( 25MVAR) (25MVAR) (25MVAR)
C 352.8nF 2.823uF - 352.8nF
C1 - 352.8nF 705.6nF -
L - 3.592H - 49.89mH
R - 67670hms 3800hms 53.700hms
C2 - ) 25.69uF -
L1 - ) 99.13mH -
L2 - ) 2.80mH -

Table 2 Design Parameters of Proposed System

Parameters Values Parameters Values
Source Voltage 31.02
(ph-ph)(rms) 475 kV Inductance mH

DC Link
Frequency 50 Hz Capacitance 47 uF
Sampling Time 3.906 DC Voltage 900 kV
pSecs
Source Inductance 62.23 Smoothing 0.5H
mH Inductance
Resistance 13.79 Q Load Resistance 250 Q
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Figure 1 MATLAB/Simulink Model of Proposed 12-Pulse HYDC
Converter with Fuzzy Logic Controlled HADF
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Figure 3 MATLAB/Simulink Model of Shunt Active DC Power
Filter (SAPF) controlled by Fuzzy Logic

Figure 4 MATLAB/Simulink Fuzzy Logic Designer for kp

= |
Figure 5 MATLAB/Simulink Fuzzy Logic Membership Function
of kp

Figure 6 MATLAB/Simulink Fuzzy Logic Designer for ki
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Figure 7 MATLAB/Simulink Fuzzy Logic Membership Function
of ki

Table 3 MATLAB/Simulink Fuzzy Rule Base for kp

Error Change of Error (ce) for kp
€ [NH][NM][N_]zZE]PL]P™M]PH
NH PH | NH | PH | NH | PH | NH | PH
NM PH | NM | PH | NM | PH | NM | PH
NL PM | NL [ PM | NL | PM | NL | PM
ZE PM | ZE | PM | ZE | PM | ZE | PM
PL PL PL PL PL PL PL PL
PM ZE | PM | ZE | PM | ZE | PM | ZE
PH ZE | PH ZE PH | ZE PH ZE

Table 4 MATLAB/Simulink Fuzzy Rule Base for ki

Error Change of Error (ce) for ki

© | NH [N [ N[ zE [P [ Pm | PH
NH ZE ZE | NH | NM | NM | ZE ZE
NM ZE ZE | NM | NM | NL | ZE ZE
NL ZE ZE NL | NL | ZE ZE ZE
ZE ZE ZE NL | NM | PL ZE ZE
PL ZE ZE ZE PL PL ZE ZE
PM ZE ZE NL | PM PH ZE ZE
PH ZE ZE NL | PM PH ZE ZE
3. SIMULATION

Fuzzy Logic Controlled Hybrid Active DC Filter

(HADF) for 12-Pulse HVDC Converter is simulated in
MATLAB/Simulink environment and the waveforms of

Source Voltage and Current were analyzed without and with
filters. The Total Harmonic Distortion of the Source Voltage

and Current without and with filters were also analyzed.
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Figure 8 Source Voltage without Filters



KIRAN YADDANAPUDI etal.,

Source Current Without Fillers
T T

g

Source Current (Amps)
L

1000 ?
o 0105 o 0115 L3 n,r:‘{z;.“l 013 0135 20 0145 0.5
Figure 9 Source Current without Filters
. x10% = S‘uuml W\HNW‘M
5
ER
i
:
s*[
& 2

-

L L h L L L h I
0408 041 0415 [ o428 I 0438 044 0448 0ds
Time (Sacs)

-

4

Figure 10 Source Voltage with Shunt Passive Filters
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Figure 11 Source Current with Shunt Passive Filters
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Figure 12 Source Voltage with HADF
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Figure 14 Active Filter Current

Fundamental (50Hz) = 3.520e+05 , THD= 11.96%
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Figure 15 THD of Source Voltage without Filters
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Figure 16 THD of Source Current without Filters
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Figure 17 THD of Source Voltage with Passive Filters
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Figure 18 THD of Source Current with Passive Filters
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Figure 19 THD of Source Voltage with HADF

Fundamental (50Hz) = 2048 , THD= 2.04%
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Figure 20 THD of Source Current with HADF

Table 5 Total Harmonic Distortion of Source Voltage and Current

Total Harmonic Distortion of Source Voltage and Source
Current of Twelve Pulse Rectifier (in %)

. With 100
oot v
Filters

Signal With HADF

Va 11.93 6.37 1.92

Vb 11.93 6.37 1.67

Ve 11.93 6.37 1.85
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la 9.21 2.75 2.37
Ib 9.21 2.75 2.04
Ic 9.21 2.75 2.08
Table 6 DC Voltage and Current
DC Voltage and Current
sicral withour W00 with
g Filters : HADF
Filters
Voltage
(kV) 453.7 469.1 504.1
Current
1.815 1.877 2.016
(kA)

4. RESULTS AND DISCUSSIONS
Initially Source Voltage and Source Current were

distorted and non sinusoidal as they contain harmonics as no
filter is connected as shown in Figure 8 and Figure 9. The
THD of Source Voltage and Source Current without filters is
11.96% and 9.25% as shown in Figure 15 and Figure 16.

When 100 MVAR Shunt Passive Filters were
connected the lower order harmonics in the Source Voltage
and Source Current were eliminated but they contain some
higher order harmonics so they are deviating from sinusoidal
nature as shown in Figure 10 and Figure 11. The THD of
Source Voltage and Source Current with Passive Filters is
6.37% and 2.75% as shown in the Figure 17 and Figure 18.

After Connecting Shunt Active DC Power Filter
controlled by Fuzzy Logic, the higher order harmonics in the
Source Voltage and Source Current were also eliminated
now the Source Voltage and Source Current are nearer to
sinusoidal waveform as shown in the Figure 12 and Figure
13. The Filter Current is shown in the Figure 14.The THD of
Source Voltage and Source Current is 1.92% and 2.04% as
shown in the Figure 19 and Figure 20.

The THD of Source Voltage and Source Current
without and with filters is shown in Table 5.

The DC Voltage and DC Current at the output of
12-Pulse Rectifier were also boosted up by connecting
Passive and Shunt Active DC Power Filter as shown in Table
6.
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5. CONCLUSIONS
Converters play a vital role in the power industry for

conversion of power from ac to dc and vice versa, in spite of
the fact that these require filters for eliminating harmonic
injected by them, these are used widely. Filters can be
passive or active. In the proposed work both passive and
active filters are connected to the 12-Pulse Rectifier, it is
observed that the Shunt Passive filters provide fixed reactive
power compensation of 100 MVAR eliminating lower order
harmonics but the Shunt Active DC Power Filter provides a
variable reactive compensation depending upon the changes
in the load and is able eliminate higher order harmonics and
also increases the dc voltage and current at the output of 12-
Pulse Rectifier. It can be concluded that the size of the
passive filters can be reduced by selecting a suitable active
filter for reactive power compensation of the system.
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