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Abstract: In HVDC (High Voltage Direct Current) 
systems the converters produce current harmonics that 
inject into the DC transmission lines and the AC grid. 
Passive filters and Active filter have been used to reduce 
the harmful effects of the harmonic currents. In this paper 
the current harmonics can be compensated by using the 
Hybrid Filter that consists of a shunt active power filter 
(SAPF) connected with passive filter. The control strategy 
adopted use synchronous reference frame (SRF) theory. 
The reference current can be calculated by dq 
transformation. An improved generalized integrator 
control was proposed to improve the performance of 
SAPF. These topologies are applied in 12-pulse HVDC 
Converter (345 kV) for reactive power compensation and 
harmonic currents suppression generated by nonlinear 
loads. The simulation model is developed and performed 
using MATLAB-Simulink and SimPowerSystem Toolbox. 
 
Key words: HVDC, Total harmonic distortion, Shunt 
passive filter, Hybrid filter, SRF. 

1. Introduction 

A bipolar HVDC transmission system consists of 
two converter stations connected by a DC overhead 
line or cable. In HVDC system during the operation 
of converters (inverters or rectifiers), characteristic 
and non characteristic harmonics are generated [1]. 
With the increase of converter stations, it is possible 
that the effect of harmonics will be detrimental to 
grid reliability and increase energy loss. The 
conventional solution to reduce the harmonics can 
be accomplished by installing passive LC filters in 
HVDC system [2,3]. However, the main 
disadvantage of these filters is that they provide a 
fixed solution and do not allow fine tuning. 
Moreover, they suffer from congestion problems and 
aging [4,5].  

The recent advances in power semiconductor 
devices have resulted in the development of Active 
Power Filters (APF) for harmonic suppression. 

The APF may be part of several solutions in the 
HVDC scheme to improve reactive power exchange 
with the AC grid and to improve the dynamic 
stability [6]. 

The active power filters were studied for 
harmonics compensation in the industrial power 
network, since the principle of compensation were 
suggested by H. Sasaki and T. Machida in 1971 [7]. 
In these years, progress on the active filtering has 
been continued only at the theoretical stage in 
laboratory. The technology of the semiconductors 

was not developed yet enough for the practical 
establishment of the principle of compensation. A 
few years later, the technology of power 
semiconductors reached remarkable blossoming. 
This phenomenon stimulated the interest in the 
research of active filtering for the harmonics 
compensation. 

Hybrid Active Power Filter (HAPF) topologies 
have been developed to solve the problems of 
harmonic currents and reactive power effectively. 
Using low cost passive filters in the hybrid active 
filter, the power rating of active converter is reduced 
compared with that of pure active filters. The hybrid 
filters are cost effective and became more practical 
in industry applications [8-10]. 

The performance of SAPF depends on the 
strategy used to generate the reference harmonic 
currents. Several researchers described the effect of 
reference harmonic currents generation on the 
performance of SAPF, such as the Instantaneous 
Reactive Power theory (IRP) or the instantaneous 
active and reactive power (pq) [4,11] and 
Synchronous Reference Frame theory (SRF) [12,13]. 
In all of these works, has been confirmed that the 
SRF theory is most widely used, simple structure, 
easy to realize, and gives good performance than 
others theories. 

Previously, researches have been conducted on 
harmonic reduction methods using active filters for 
HVDC networks were introduced in [14-16]: 

In this paper, hybrid active filter consisting of 
shunt active filter (SAPF) with shunt connected 
passive filters for low order dominant harmonics are 
studied. For the reference harmonic currents 
generation of the SAPF, we used the synchronous 
reference frame theory (SRF), the PWM technique is 
employed to generate the inverter gating signals. 

2. Synchronous Reference Frame Theory (SRF) 

The control strategy used in this work, to 
compensate harmonic currents, is based on the 
synchronous reference frame theory (SRF). The 
principle of this technique is described in [13,17]. 
The three phase currents ia, ib and ic are transformed 
from three phase (abc) reference frame to two 
phase’s (α-β) stationary reference frame currents iα 
and iβ using:  
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Using a PLL (Phase Locked Loop), we can 

generate cos(̂ ) and sin(̂ ) from the phase voltage 
source Va, Vb and Vc. The currents expression iα and 
iβ in (d-q) reference frame are given by: 
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These components can then be expressed as the 

sum of a DC component and AC component. 
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With
_

di ,
_

qi  are the continuous components of id 

and iq, and di
~

, qi
~

 
are the alternative components of 

id and iq. From equation (2), we can express the 
current components along the axes (αβ) by: 
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The reference currents in the (abc) frame are given 
by: 
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The control strategy scheme based on 

synchronous reference frame theory is shown in 
Fig.1: 

 
Fig.1. Synchronous reference frame theory 

3. DC voltage control 

When the SAPF is compensating the harmonic 
and reactive power components, the dc capacitor 
voltage Vdc varies. Hence Vdc is also sensed and 
regulated at a reference value in order to establish a 
self-sufficient energy at the dc bus. 

The regulation loop consists of the comparison of 
the measured voltage with the reference voltage, 
admitting that the function of the system to be 
controlled is given by [12,17]: 
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The closed loop transfer function using a PI 
regulator is given by: 
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The development of this equation gives:  
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A second order characteristic equation of the 
closed loop system is deduced: 
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From (11) the proportional and integrator 

coefficient pK , iK of the controller can be deduced: 
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The expression of the current 
cd

I to compensate 

the inverter losses and maintain the constant dc-link 
voltage is given by: 

 dtVkVkI dcidcpcd ..   (14) 

To obtain optimal dynamic performance for the 
system, the value of the damping ration must be 

equal a 0.707. 



 

4. Simulation and results 

The simulink model of the proposed system is 
represented in fig.2. The hybrid active power filters 
are connected between the buses B1 and B2, through 
breaker. For analysis of the harmonics three cases 
were taken under consideration. Case 1 with the 
filters not connected to the lines, case 2 with the 
passive filters connected to the lines and the case 3 
the HVDC rectifier with hybrid active filter 
connected to the lines. 

 

 
 

Fig.2. Simulink model of 12-pulse HVDC converter with 
hybrid filter connection. 

 
The simulation model scheme has been built in 

MATLAB/SIMULINK, based on the following 
parameters : The voltage source 345 kV with 
fundamental frequency 50 Hz. Uc of 500 kV, Ic of 2 
kA, and DC of 12 pulse HVDC rectifier. Two 
thyristor bridges of six pulses were used to build 
rectifier in series connection. Feeders consist of RLC 
elements, which are used to connect source to 
rectifier. The system is linked to converter using 
three-phase transformer (three winding). The load 
comprises of a resistive and inductive load 
connected to dc side. The value of inductance is 
0.5H with 1200 MW load resistance.  

In this paper, the two filter configurations that 
satisfy the specified performance are as follows: 

A. Hybrid filters: 

The simulation diagram in Fig.2 has shown the 
hybrid filter that consists of active filter and passive 
filters. The role of the active filter is to maintain and 
improve the performances of filtering in function the 
network and load evolution while, the passive filter 
deals with the compensation of good part of the 
harmonics. The aims of using three parts of 
harmonic filtering in hybrid filter are: 

– Two single-tuned filters for 11
th
 and 13

th
 of 

300Mvar, 
– A conventional HP3 passive filter for the 3

rd
 

harmonic of 150 Mvar, 
– Shunt active filter for higher order harmonics 

(for example, 23
rd

 to 49
th
) supplying 150 Mvar 

reactive power. 

B. Passive filters  

The simulation diagram with Passive Power Filter 
is shown in Fig.3. It consists of the source, non-
linear load, and three phase harmonic filters. 

Nonlinear elements such as power electronic 
converters generate harmonic currents or harmonic 
voltages, which are injected into power system. The 
resulting distorted currents flowing through the 
system impedance produce harmonic voltage 
distortion. Three-phase harmonic filters that shunt 
elements, are used in power systems for decreasing 
voltage distortion and for power factor correction. 
The filters reduce distortion by diverting harmonic 
currents in low impedance paths, and are designed in 
such way to be capacitive at fundamental frequency 
to produce reactive power required by converters 
and for power factor correction [19].The passive 
filter consists of four filters of harmonic: 

– One C-type high-pass filters to the 3
rd

 of 150 
Mvar. 
– Double tuned 11

th
/ 13

th
 filters of 300Mvar. 

– One high-pass filter tuned to the 24
th
 of 

150Mvar. 
– One capacitor banks of 150 Mvar, modeled by a 
“Three-Phase Harmonic Filters “are used in 
HVDC line. 
In order to achieve an acceptable distortion, 

several banks of filters of different types are usually 
connected in parallel. The combinations of different 
banks are derived from basic filters, such as 
Butterworth, Chebyshev and Cauerfilters [18]. The 
most commonly used filter types are [19]: 

 
1. Band-pass filters, which are used to filter 

lowest order harmonics such as 5
th
, 7

th
, 11

th
, 13

th
 etc. 

Band-pass filters can be tuned at a single frequency 
(single tuned filter), or at two frequencies (double-
tuned filter). 

 
2. High-pass filters, which are used to filter high-

order harmonics and cover a wide range of 
frequencies. A special type of high-pass filter, the C-
type high-pass filter, is used to provide reactive 
power and avoid parallel resonances. It also allows 
filtering low order harmonics (such as 3

rd
), while 

keeping zero losses at fundamental frequency. 



 

 

 
Fig.3. Simulink model of 12-pulse HVDC converter with 

passive filters connection. 

Table 1 
Simulation parameters 

Line Voltage of the AC network  345 kV 

Frequency  50 Hz 

Transformer Yg/Δ ,1200 MVA 

DC Cables 
Uc= 500 kV, Ic = 2 kA, 

L = 0.5 H 

Active Filter Vdc=10 kV 

 

 
Fig.4. Voltages and currents in uncompensated HVDC 

system 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Harmonics spectrum of source current without 
filter 

The first case has been considered when circuit 
breaker is open, it can be seen that harmonics are 
present in voltages and currents in Fig. 4. We can 
observe, in the absence of the filters (hybrid or 
passive), three phase currents at the bus B1 and B2 
are getting distorted due to the harmonics injected 
by the non-linear load. 

Fig. 4 shows the waveform of supply currents 
before compensation.  It consists of fundamental 
current as well as the harmonic current due to the 
non-linear load. The harmonics order spectrum of 
fig. 4 is shown in Fig. 5. It reveals the presence of 
the 11

rd
, 13

th
 and 23

th
, 25

th
 and 35

th
, 37

th
,... etc. 

harmonics in the phase current. The current total 
harmonic distortion (THD) calculated for the 50 first 
harmonics before filtering is 10.24 % for case 1, 
without any filters. 

 
Fig.6. Voltages and currents in compensated HVDC 

system with Passive filters connection 

 
Fig.7. Harmonic spectrum of source current with 

passive filters connection 

Next two cases have been considered when 

circuit breaker is closed and compensation is 

applied, it can be seen that in Fig. 6 and 8. 

Fig.6 shows the waveforms of supply currents, 

with connected passive filters. It consists of 

fundamental current only. Use of the Passive Power 

Filter eliminates the harmonic current, which was 

present in the supply current in the earlier case. Fig. 

7 shows the spectrum analysis of supply current 

after compensation. The Total Harmonic Distortion 

of the supply current is reduced from 10.24% to 

0.86%. 
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Fig.8. Voltage and Current in compensated HVDC system 

with Hybrid filter connection 

 
Fig.9. Active Filter injecting current if1(A) 

 

 
Fig.10. Power factor correction (Va &30*Ia) with hybrid 

filter connection 

 
Fig.11. DC voltage regulation. 

 

 
Fig.12. Harmonic spectrum of source current with hybrid 

filter connection 
 

Fig.8 shows the waveforms of supply currents 
with connected hybrid filter. It consists only of 
fundamental current, of the waveform, which is 
more sinusoidal in comparison to other techniques. 
The intervention of the active filter is caused by 
injection of the polluting current as shown in Fig. 9, 
where the power factor of source current is set to 
unity, as shown in Fig. 10. Figure 11 shows the DC-
link capacitor voltage. 

Fig. 12 shows the Total Harmonic Distortion of 
the supply current THD, with considerable reduction 
level from 10.24 % for the case without any filters, 
to 0.37 % for the case with hybrid filter (less than 
5% IEC norm). Using the hybrid filter Power Filter 
can eliminate the harmonic current presented in the 
supply current. 

 

5. Conclusion 

A filtering technique combining Passive power 
and Shunt Active Power Filter is proposed in this 
research. It can reduce effectively the harmonics of 
12-pulse HVDC converter. The model was validated 
using MATLAB/ Simulink. The voltage and current 
waveforms were distorted because of the presence of 
harmonics. Proposed control strategy, in order to 
compensate harmonic currents is based on the 
synchronous reference frame theory. 

The compensation principle applied to this 
system is quite different from conventional shunt 
passive and hybrid power filters. With the proposed 
control algorithm, the hybrid filter improves the 
harmonic compensation features of the passive filter 
and the power factor of the load. 
The problem of distortion in 12-pulse HVDC 
converter is reduced to a great extent using Hybrid 
Power Filter. Overall, this compensation technique 
not only reduces the harmonics but also ensures the 
improvement of the system performance. 
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