@ ISSN(Online) : 2319 - 8753
l"\\

: I ISSN (Print) : 2347 - 6710

IJIRSET

International Journal of Innovative Research in Science,
Engineering and Technology

(An 1SO 3297: 2007 Certified Organization)

Vol. 4, Special Issue 6, May 2015

Grid Current Compensator for Grid-
Connected Distributed Generation under
Nonlinear Loads by Using DQ-SRF Technique

Bhutendra Gour. A *, Mr.Prasad.D?
P.G. Student, Department of EEE, Sona College of Technology, Salem, Tamilnadu, India*

Assistant Professor, Department of EEE, Sona College of Technology, Salem, Tamilnadu, India?

ABSTRACT: In distributed generation, the harmonics are high due to converter switching and non linear loads used
by the consumers. This highly distorted current cannot be fed directly to the to the utility grid as it will imbalances the
whole power system operations. In order to avoid this problem filters are used with some strategies. This paper deals
with the current control strategy for grid connected operations of distributed generations under non-linear loads using
dg-srf technique. The proposed method has current controller which is designed in dg-synchronous reference frame
(dg-srf) and composed of Pl controller. More over the proposed technique does not need any sensors for measurement
harmonic analysis of grid voltage and as well as harmonics are removed to the maximum extent. Hence this can be
easily adopted at any distributed generation which adds as an advantage. The operation principle of proposed current
controller is validated through MATLAB SIMULINK.
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I.LINTRODUCTION

In traditional methods for reducing the harmonics due to switching in the converter when power obtained
through various power generation techniques like solar, wind etc. are reduced by the filters and facts devices. But these
are used at the high power generations. In case of distributed generation which generated few megawatts, the power is
directly consumed by the non-linear loads then the surplus power is fed to the utility grid if deficient power is
consumed from the utility grid. Due to this non-linear loads, the current is highly distorted which cannot be fed directly
to utility grid. In both configurations, i.e., with and without the local load, the prime objective of the DG system is to
transfer a high quality current (grid current) into the utility grid with the limited total harmonic distortion (THD) of the
grid current at 5% as recommended in the IEEE 1547 standards [15].

To produce a high quality grid current, various current control strategies have been introduced, such as
hysteresis, predictive, proportional-integral (PI), and proportional-resonant (PR) controllers. However, these current
controllers are only effective when the grid voltage is ideally balanced and sinusoidal. Unfortunately, due to the popular
use of nonlinear loads such as diode rectifiers and adjustable-speed AC motor drives in power systems, the grid voltage
at the point of common coupling (PCC) is typically not pure sinusoidal, but instead can be unbalanced or distorted.
These abnormal grid voltage conditions can strongly deteriorate the performance of the regulating grid current [17].
Instead of using this technique, the harmonics cannot completely removed due to the limited efficiency of the devices.
More over it need current measuring devices to manipulate the harmonics. But the method proposed in this paper i.e.
dg-srf does not need any measuring instruments or harmonic analysis of grid voltage and as well as harmonics are
removed to the maximum extent. This technique is followed to control the current which is highly modified due to the
non-linear loads that are used by the consumers.

A repetitive controller (RC) serves as a bank of resonant controllers to compensate a large number of
harmonic components with a simple delay structure. However, despite the effectiveness of the RC in harmonic
compensation, the traditional RC has a long delay time, which regularly limits the dynamic response of the current
controller. Along with grid voltage distortion, the presence of nonlinear loads in the local load of the DG also causes a
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negative impact on the grid current quality [13]. To overcome the limitations of aforementioned studies, this paper
proposes an advanced current control strategy for the grid connected DG, which makes the grid current sinusoidal by
simultaneously eliminating the effect of nonlinear local load and grid voltage distortions. First, the influence of the grid
voltage distortions and nonlinear local load on the grid current is determined. Then, an advanced control strategy is
introduced to address those aforementioned issues. The proposed current controller is designed in the dg-srf reference
frame and is composed of a Pl and a RC.
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Fig.1 System configuration of grid-connected DG system with local load.

1. SYSTEM CONFIGURATION AND ANALYSIS OF GRID VOLTAGE DISTORTION AND NONLINEAR
LOCAL LOAD

Fig. 1 shows the system configuration of a three-phase DG operating in grid-connected mode. The system
consists of a DC power source, a voltage source inverter (VSI), an output LC filter, local loads, and the utility grid. The
purpose of the DG system is to supply power to its local load and to transfer surplus power to the utility grid at the
point of common coupling (PCC). To guarantee high quality power, the current that the DG transfers to grid (iy ) should
be balanced, sinusoidal, and have a low THD value. However, because of the distorted grid voltage and nonlinear local
loads that typically exist in the power system, it is not easy to satisfy these requirements.

A. Effect of Grid Voltage Distortion
To know the influence of grid voltage distortion on the grid current performance of the DG, a model of the
grid connected DG system is developed as shown in Fig. 2. In this model, the VSI of the DG is simplified as voltage

source (v; ). The inverter transfers a grid current (ig ) to the utility grid (v4 ). For simplification purpose, it is assumed
that the local load is not connected into the system. From Fig. 2(a), the voltage equation of the system is given as

di .

Where Rrand Ly are the equivalent resistance and inductance of the inductor respectively.

If both the inverter voltage and the grid voltage are composed of the fundamental and harmonic components as
(2), the voltage equation of (1) can be decomposed into (3) and (4), and the system model shown in Fig. 2(a) can be
expressed as Figs. 2(b) and (c), respectively.
Vi = Vig + 21 Vin
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Fig.2 Model of grid-connected DG system under distorted grid voltage condition.

From (4), due to the existence of the harmonic components Y. ,..; V5, in the grid voltage, the harmonic currents
Yin=11ign are induced into the grid current if the DG cannot generate harmonic voltages Y., V;;, that are exactly the
same as Y., Vg, As a result, the distorted grid voltage at the PCC causes non-sinusoidal grid currentiy, if the current
controller cannot handle harmonic grid voltage Y.,1 Vyp,-
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B. Effect of Nonlinear Local Load
Fig. 3 shows the model of a grid-connected DG system with a local load, whereby the local load is represented

as a current source i, and the DG is represented as a controlled current Source i,;. According to Fig. 3, the
relationship of DG current iy, load current i; , and grid current i, is described as

ipc =i, i (5)

Fig.3Model of grid-connected DG system with nonlinear local load

Assuming that the local load is nonlinear e.g., a three-phase diode rectifier—the load current is composed of
the fundamental and harmonic components as

i, =iy + Xhe1iin (6)

where i,,and i;;, are the fundamental and harmonic components of the load current, respectively.
Substituting (6) into (5), we have

g =lpg — (ip1 + Zne1izn) (7

From (7), it is obvious that to transfer sinusoidal grid current g i into the grid, DG current DG i should include
the harmonic components that can compensate the load current harmonicsy. ., i,,. Therefore, it is important to design
an effective and low-cost current controller that can generate the specific harmonic components to compensate the load
current harmonics. Generally, traditional current controllers, such as the Pl or PR controllers, cannot realize this
demand because they lack the capability to regulate harmonic components.

111. PROPOSED CONTROL SCHEME
To enhance grid current quality, an advanced current control strategy, as shown in Fig. 4, is introduced. Even
though there are several approaches to avoid the grid voltage sensors and a PLL [19], Fig. 4 contains the grid-voltage

sensor and a PLL for simple and effective implementing of the proposed algorithm, which is developed in the d-q
reference frame.
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Fig. 4. Overall block diagram of the proposed control strategy.

The proposed control scheme is composed of three main parts: the phase-locked loop (PLL), current reference
generation scheme, and current controller. The operation of the PLL under distorted grid voltage has been investigated
in detail in [20]; therefore, it will not be addressed in this study. As shown in Fig. 4, the control strategy operates
without the local load current measurement and harmonic voltage analysis on the grid voltage. Therefore, it can be
developed without requiring additional hardware. Moreover, it can simultaneously address the effect of non linear local
load and distorted grid voltage on the grid current quality.

A. Current Reference Generation

As shown in Fig. 4, the current references for the current controller can be generated in the d-q reference
frame based on the desired power and grid voltage as follows [14]:

L. _ 2P

(8)
L 2
lgq = 3V

Where P* and Q~ are the reference active and reactive power, respectively; V,, represents the instantaneous
grid voltage in the d-q frame; and i;, and i, denote the direct and quadrature components of the grid current,
respectively. Under ideal conditions, the magnitude of V,, has a constant value in the d-q reference frame because the
grid voltage is pure sinusoidal. However, if the grid voltage is distorted, the magnitude of V4, no longer can be a
constant value. As a consequence, reference current iz, and ig, cannot be constant in (8). To overcome this problem, a
low-pass filter is used to obtain the average value of V4 , and the d-g reference currents are modified as follows:

2P
9 3V 0
9)
., _ 20
lgg = 3 Va0
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Where V4, is the average value of V4, which is obtained through the low-pass filter (LPF) in Fig. 4.

B. Current Controller

An advanced current controller is proposed by using a Pl and RC in the d-q reference frame. The block
diagram of the current controller is shown in Fig. 5. The open-loop transfer function of the Pl and RC in a discrete time
domain is given in (10) and (11), respectively.

Gpi(2) = K, + ZIi—ilz (10)
K, zkz_N/Ei

G =T 11

RC(Z) 1—Q(Z)Z_N/6 ( )

Where K, and K; are proportional and integral gains of the PI controller, z /6 is the time delay unit, z¥ is the phase
lead term, Q(2) is a filter transfer function, and K. is the RC gain.

In Fig. 5, the RC is used to eliminate the harmonic components in the grid current caused by the nonlinear
local load and/or distorted grid voltage. Meanwhile, the role of the PI controller is to enhance the dynamic response of
the grid current and to stabilize the whole control system.
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Fig. 5 Block diagram of the current controller

IV. DESIGN OF REPETITIVE CONTROLLER

The RC has three main components that must be determined: the filter Q(z), the phase lead term z¥, and the
RC controller gain K,. Selection of the filter Q(z) is used to improve the system stability by reducing the peak gain of
the RC at a high frequency range. There are two methods that have been commonly used to select Q(z): a closed unity
gain Q(z) = 0.95, and a zero phase-shift LPF Q(z) = (z + 2 + z') / 4 [21]. In this study, we use Q(z) = (z + 2+ z") / 4
because it provide the high peak gain of the PI-RC at the low frequency range and low peak gain (less than 0 dB) at the
high frequency range (higher than 2 kHz) as shown in Fig. 8. It is well-known that a low peak gain at the high
frequency range can effectively prevent the system unstable.

V. EXPERIMENTAL RESULTS

Fig.11 shows the waveform of the voltages that are obtained in the distributed generation which never changes
before and after the connection of the current compensator to the distribution generation grid. The compensator which
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is designed only to the maintenance of current. Thus it compensates only the current of the source. Load current also
does not varies after the mounting of the compensator because load is non-linear, it will be same as the before and is
shown in the Fig. 12.

Fig. 13 shows the current waveform of the source before the mounting of the current compensator with non-
linear load. And the compensator designed will modifies this current only. The modified current is shown in the Fig.14.

Comparing Fig.13 and Fig.14 it is obvious that the harmonic distortion is reduced to the maximum extent.
Certainly it brings the harmonic distortion less than 5% as mentioned in IEEE 1547 standard.
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Fig. 11 Showing the voltage of the distributed generation grid before attaching the current compensator.

Fig.12 showing the load current waveforms of the distributed generation before connecting the current compensator.
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Fig.13 showing the source current waveforms of distributed generation before connecting the current compensator

Fig.14 showing the waveforms source current in distributed generation after connecting the current compensator

Thus the designed current controller will remove the harmonics due to the voltage distortion and non-linear
loads used in the distributed generation.
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VI. CONCLUSION

In this paper the new technique for the current compensation has been discussed in which THD is below 5%.
And the mounting of current compensator is also easier as it does not needs any measuring instruments. For future
enhancing some other new technique can be found which can reduce than this technique. At present dg-srf technique is
the best for the current compensation in the distributed generation.
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