Lead Current Reduction in a Three Phase Four Wires Shunt Hybrid Filter
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Abstract
The main drawback in Shunt Hybrid Filters is the lead current injection need. This paper describes a
strategy to reduce the lead current in a three phase four wires LC coupled parallel hybrid filter for
harmonics cancellation. Simulation and experimental results are given to show the behavior of the
system.

Introduction
The reduction of harmonics pollution in the supply networks has become a matter of maximum
concern. The widespread use of non-linear loads connected to the mains causes a lot of problems of
distortion and loss of efficiency due to the bad power factor caused by the harmonics of the current
waves produced by such kind of loads. To improve this situation several types of active power filters
(AF or APF), have been developed in the last years [1]-[7]
The most widely used structure in low voltage facilities is the parallel APF. However, the best solution
to solve the global problem seems to be a combination of active and passive filters. In such combined
solution, the role of the active APFs is basically the harmonics cancellation.
The common structure of APF has two important drawbacks: First, the voltage at the DC bus must be
significantly higher than the peak value of mains voltage, in order to have the capability of injecting
current against the mains (see fig. 1). Second, it has an inherent asymmetry of the available voltage in
the two states of the commutation cycle as illustrated by figs.1 and 2. Such asymmetry causes some
limitations to force the desired di/dt at certain instants of the supply cycle and limits the dynamic
capability of the APF to follow certain fast changes of the load current.
Fig.1 shows the two states of the commutation cycle in one of the phase-neutral circuits and fig.2
shows the available voltages to cause the current changes Δi1 and Δi2 at different instants of the mains
voltage cycle [18].
The large variation of available voltage makes the selection of reactor LC a difficult mater, since there
is a dilemma between the dynamic response, di/dt and the current ripple.
Due to economical criteria, the classical structure, using a VSI with a coupling reactor, has been
widely used until Nakagima, Akagi et alt. [13][14] proposed the hybrid filters, coupling the VSI to
mains by means of one or more series L-C resonant circuits (fig.3). This allows the use of significantly
lower voltage at the DC bus, thanks to the fact that the coupling capacitor may withstand an AC

voltage, which may be chosen to cancel the mains voltage. These hybrid filters has been proposed
mainly to high voltage applications [15].

Fig. 1: The two states of a commutation cycle in one of the phases
Nevertheless, the classical hybrid structure for four wires systems uses a split capacitor at the DC side,
which requires a control to balance the DC voltage between them.
New topologies have been introduced in recent years to counteract the side effects brought about by
controlling the DC bus balance [8]-[12].

Fig. 2: Available voltage in the different states of the duty and different points of the supply wave
The structure of fig. 3, [1] overcomes these drawbacks and allows the use of much economical
commercial bridges, even for supply networks of 690V phase to phase or higher. This structure is
equivalent to the classical one, but requires a control forcing the coupling capacitors CC to
compensate the AC mains voltage plus a DC voltage equal to VDC/2 [18].

Fig. 3: Three phase 4 wires hybrid APF, with asymmetric neutral connection

Controller structure
In the proposed solution, the parallel HPF acts as a current source, injecting a current to cancel the
harmonic currents generated by the load. For this purpose a voltage source inverter (VSI) is used, in
series with an L-C coupling network. Among the several methods to control APF and HPF [18]-[30] a
controller appearing of two blocks is used [18]: a) Current reference generator; b) Current controller
(fig. 4) [18].

Fig. 4: Basic block diagram of active filter
The problem with this LC coupling method is the need of the leading current, i*AC, which may cause
overcompensation in case of low load.
To avoid this, we propose a reduction of the leading component for such low load conditions. But, the
reduction of the leading current implies that the voltage availability to force current will be diminished
at certain instants of the cycle, as illustrated by fig.2. Nevertheless this can be accepted in low load
conditions, since the total amount of current and the di/dt to be supplied by the filter is smaller than in
nominal conditions.

The reference generator calculates the filter current, i*F, needed for the correct operation of the APF,
which consists of three terms [18], as given in (1).
*
i*F = i*H + iCC
+ i*AC

(1)

where:
i*H is the ripple of the load current (harmonics), to be cancelled by the APF. This current component
may be obtained by subtracting the fundamental component from the total load current. Fundamental
component is derived from active power, using for example, the method detailed in [4]
i*CC is an error current, to maintain the DC voltage of coupling capacitors at VDC/2.
i*AC is the necessary current to neutralize the AC mains voltage. If a total cancellation is desired, its
value is given by (2):
*
i AC
= VPH ⋅ j ⋅ ω ⋅ C = VPH ⋅ j ⋅ KC

(K )

(2)

= ω⋅C

c MAX
where VPH is the mains voltage and
The block diagram showing how to obtain each of these components is shown in fig.5 and is described
in detail in [18].
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Fig. 5: Block diagram for current reference calculation
As improvement, a new control is introduced to modulate KC. This control is presented in fig. 6.
Basically, the system calculates two factors; one related to the RMS filter current and the other
associated with the maximum harmonic load current. Both elements are ranged between 0 and 1. They
are calculated using the data of the last mains period. Finally, the biggest one modulates the KC value.

A minimum KC (KCmin) is guaranteed to prevent power filter malfunction that has been perceived in
the first system simulations.
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Fig. 6: Block diagram of Kc control
Notice that except the VDC controller; all the rest (fig. 5 and 6) must be implemented for each phase; so
the system operates properly in case of unbalanced source voltages.
If the mains voltage contains a large amount of harmonic components, the output of PLL can be used
to calculate P and Q values.

Simulation Results
In order to validate the novel structure and control systems, some simulations have been carried out,
using Matlab-Simulink tools and the SimPower Systems toolbox.
The load used for the test is formed of a symmetrical three phase load (I≅10A), consisting of a 6 pulse
rectifier with RC load, plus a single phase rectifier between phase L3 and neutral (I≅25A). This
rectifier can be switched on and off to unbalance the whole system.
The actual values of simulation parameters were: the LC coupling network L=800μH and C=417μF;
VDC = 600V; switching frequency 12.8 kHz. To preclude system malfunction KCmin has to be equal or
greater than 0.3.

Fig. 7: Simulated three phase load and mains currents and KC evolution in a start up

The results obtained from such simulations are summarized in fig.7 and fig. 8.
The figure 7 shows three situations:
1) Before t=0,1 the APF is working in idle mode; i.e. connected to mains and injecting only
components, but not compensating harmonics.
2) From t=0.1s to t=0,16s, the plots show the line currents in case that the APF is filtering the load
without reducing the leading current.
3) For t>0.16 the controller is reducing gradually the amount of leading current.
Red lines show KC value in percentage.
While in figure 8 a sudden load current change is applied at t=0.4s. As can be seen the value of KC is
controlled separately in each phase.

Fig. 8: Simulated three phase load and mains currents and KC evolution, in a load change

Experimental Results
Experimental tests have been carried out on a three-phase APF, rated at 100A and connected to
400V/50Hz mains. The load consisted of an asymmetrical three phase load formed by a 6 pulse
rectifier (I≅20A) (Fig. 12 right). The power block consists of a three legs IGBT converter (switching at
12.8 kHz) and an auxiliary L-C circuit (L=800μH and C=417μF) (Fig. 12, center). The control has
been implemented on a PCB designed around a TMS320F2812 Texas Instruments DSP.
Following are a set of recordings obtained with the above described load.

Fig. 9: Experimental load currents (3 phase + neutral currents)

Fig. 10: Experimental mains currents with leading current control (3 phase + neutral currents)
Fig. 9 shows load currents (IRMS = 14.67A and THD = 49.8% figure 12); fig.10 illustrates the mains
currents with leading current control activated (IRMS = 36.8A and THD = 6.24% figure 12) and finally
fig.11 exhibits the filter currents. The value of mains currents when the leading current is not
controlled is: IRMS = 67.02A and THD = 3.73%.

Fig. 11: Experimental filter currents with leading current control (3 phase + neutral currents)

Fig. 12: Experimental load and line currents THD with leading current control.

Fig. 13: Experimental Plant in the laboratory

Conclusion
The paper presents some new techniques to improve the control of a hybrid active power filter, in
order to decrease the leading current, which has been defined as the major drawback of hybrid
structures. Such techniques are based on allowing a certain asymmetry in the available voltages to
force di/dt in case of low load situations (below the filter rating). This allows a significant reduction of
the necessary leading current still maintaining the filtering performances in terms of final THD of the
line currents. The paper shows the simulation and experimental results illustrating the reduction of the
total RMS currents.
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