International Journal of Advanced Technology in Engineering and Science www.ijates.com
Volume No.03, Issue No. 02, February 2015 ISSN (online): 2348 — 7550

DECOUPLED DQ-CURRENT CONTROL OF GRID-TIED
VOLTAGE SOURCE CONVERTERS

Aluru Venkata Siva Sainadh?, Sravan Kumar.Dasari?

M.Venkateswara Reddy®

PG Student, Department of EEE, Vikas Group of Institutions, Nunna, Vijayawada, AP, (India)
’Associate Professor, Dept. of EEE, Vikas Group of Institutions, Nunna, Vijayawada, AP, (India)
Associate Professor, Dept. of EEE, Vikas Group of Institutions, Nunna, Vijayawada, AP, (India)

ABSTRACT

This paper presents an approach for the connection of a photovoltaic generatorto the utility grid. A theoretical
analysis, modeling, controlling and a simulation of a grid connected, photoveltaic system using output LCL
filters are described in detail. In order to reduce the complexity @f the System, a linear voltage and current
controllers have been developed for a three phase grid conngc¢ted inverter, By this way, the inverter control
system is simplified from third-order to first-order, and the,clase leop contral system can easily be optimized for
minimum steady-state error and current harmonic distertion. It utilizesfthe multi-inputymulti-output (MIMO)
nonparametric model of the system along with a high-order linearly parameterized MIMO controller to form an
open-loop transfer function matrix. Minimizingthexsecond norm of the ‘error, between the open-loop transfer
function matrix and a desired one, the coefficients, of the controller \are optimally determined. The
characteristics of the inverter system with“the proposed controller are inVestigated and compared with the
traditional strategy.

Index Terms—Convex Optifization, Damping, High-Order Geontroller, LCL-Filter, Loop Shaping, Micro

Grid, Resonance, VectonControl, Voltage-Source Converter (VSC)

. INTRODUCTFION

Renewable efiergy.sources such as solar energy make increasing contributions to electric utility networks. Those
sourcesqare commonly coupled to the 'grid through a pulse width modulation inverter and filter [1]. Different
outplt filter topologies are.commonly used to interface inverter to the network, namely the L and the LCL filter.
The use of the filter coupling‘the\ inverter to the grid reduces the high frequency pollution of the grid that can
disturb loads [2]. They provide 1o the grid a nearly sinusoidal line current waveforms and a low line current
distortion [3-5].“Of all filters used in the field of power electronic applications, the LCL filter is currently the
most frequently used topelogies [6]. Traditionally, L-filter is used as the interface between the grid network and
the grid-connected voltage source inverters (VSI). With the L-filter, high switching frequency must be used to
obtain high dynamic performance and sufficient attenuation of harmonics caused by the PWM. In contrast, the
alternative LCL form of low-pass filter offers the potential for improved harmonic performance at lower
switching frequencies, which is a significant advantage in higher-power applications [1], (e.g. fuel cell, wind
generations). However, systems incorporating LCL filters are of third order, and they require more complex
current control strategies to maintain system stability and are more susceptible to interference caused by grid
voltage distortion because of resonance hazards and the lower harmonic impedance to the grid.

This paper proposes a vector control strategy for the LCL filter-based grid-connected VVSCs that has inherent

damping capability and does not require extra damping strategies. Moreover, the proposed vector control
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strategy is able to fully decouple the dg-axes of the current. The design procedure shapes the open-loop and
closed-loop transfer function matrices of the LCL-filter-based system. This is in contrast with the conventional
approaches that design the controller matrix assuming an L-filter-based system. The proposed controller
guarantees system stability and provides satisfactory and robust performance over a wide range of operating
points. The elements of the controller matrix have an integrator similar to Pl-controllers; however, they have
more zeros, which permit the controller matrix to compensate for the potentially unstable poles of the LCL-
filter-based system

Il. STUDY SYSTEM DESCRIPTION

Fig. 1 shows the single-line diagram of the study system, which comprises a threé-phase \SC interfaced to the
utility grid though an LCL-filter and a coupling transformer. The filter is composed of a grid-side inductor Lg, a
capacitor C, and a VSC-side inductor Lc. The internal resistance of Lg and L¢ are represented by Rg and Rc,
respectively. The VSC DC-side is fed by a continuous voltage sourcej anththerefore, its dynamics are'\neglected
in this paper. Table | presents the parameters of the study system«f Fig. 1. According to the parameters of Table
I, the resonance frequency of the LCL-filter-based system iscalculated as follows:
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Fig. 1. Single-line diagram of the three-phase test system.

In the system of Fig. 1, for synchronization, a phase-locked loop (PLL) is utilized, which extracts the phase-
angle of the,grid voltage and forces its g-component to zero. Therefore, to regulate the real and reactive power
exchange, awvector control strategy is adopted that controls the d- and g-components of the grid current, which
are proportional‘to the real and reactive power, respectively. Feeding the errors between the dg-components of
the grid current and their respective reference values to the controller, the control signals, i.e., the dg-
components of the PAWM block input signals, vt, dq, are then generated. The vector controller is also in charge
of damping the system around its resonance frequency. All inputs/outputs of the proposed control system are

illustrated in the respective block diagram of Fig. 1.

11l. HIGH-ORDER DAMPING VECTOR CONTROL STRATEGY

In this section, the design procedure of the damping vector control strategy for LCL-filter-based VSCs is
detailed, which is based on a constrained optimization-based loop shaping method. It uses the MIMO
nonparametric model of the system, i.e., G(jo), along with a linearly parameterized MIMO controller, i.e.,K(z),

to form an open-loop transfer function matrix, i.e.,.L(jo)=G(jo)K(jo)Y®w€eR. Based on the dynamic performance
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and the decoupling requirements, a desired open-loop transfer function matrix, i.e.,LD(s), is also formed, and its
diagonal and off diagonal elements are determined. Minimizing the second norm of the error between the open-
loop transfer function matrix and the desired one, the coefficients of the controller are optimally determined. To
ensure the stability and the required dynamic performance of the closed-loop system, the minimization problem
is subject to constraints. The design procedure is divided into three main steps: (1) the determination of the
required nonparametric model, (2) the determination of the class of the controller, and (3) solving the
optimization problem and finding the optimal coefficients of the controller. In the following, the steps are
detailed.

A. Nonparametric Model

In order to design the damping vector control strategy, the first step is to determi arametric model of

the system. The goal of the vector control strategy is to regulate the dg-components of the grid current, i.e.,ig,
dg, by providing the dg-components of the PWM input signals, i.e.,vt, dq. T

controlled system are vt, dg, while its outputs are ig, dq. Thus, the s nsfer matrix is

igd| _ |Gun Gi2| |vea
ig.q GQI G'.ZQ Ut.q

. -

@

a2 }-(’qd)

F(vi.d) -
The same holds for obtainingG 512through the excitation of vt, g. It must be noted that the identification
sampling frequency, i.e., fs, id, at from the control sampling frequency, i.e., fs, and in this paper,
fs, id=5kHz, whi i , g em. Fig. 2 depicts the identified nonparametric model
correspondin y¢1, whose parameters are set according to Table I. The identified

nonparametric mo

Fig. 2. Structural diagram of the controller.
the resonance phenomenon at frequencies around the predicted resonance frequency of 1677 Hz. Therefore, the
controller matrix must be chosen and designed such that in the closed-loop system, the gains at frequencies

around the resonance frequency are well attenuated.
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B. Controller Class
The vector control strategy is responsible for regulating the dg-components of the grid current through
manipulating the dg-components of VSC terminal voltage, i.e., vt, dg. Therefore, to control such a system, a 2

x2 controller is required. A generic form of such a multivariable discrete-time controller in the z-domain is

via| _ | Kn K2 |ea
Ut g 2 1\'21 1\"_)2 €q

~ o

given by

~

K

®)

m of the controller

Pt P2zt + paz + pyz2 + sz + pg2°

1\'11(:. p)

1—2z7 4)

ix_coefficients as follows:

p=p1.p2,...,p2u]

(®)
, the open-I nsfer funcWrix of the LC L filter-based system is given by
. : : L Lis
L(jw.p) = G(jw)K(jw.p) = | 71 7™
L'.!l L22 ©6)

Loop gaping

The loop shaping o open-loop transfer function matrix, i.e., L, is carried out by minimizing the square

second norm of the €rror between the individual entries of Land a desired open-loop transfer function matrix,

LD(s). Consequently, the control design procedure turns into an optimization problem as follows

min ||L(p) — Lo||”
()
The desired open-loop transfer function matrix, LD, is chosen to meet the system requirements, e.g., satisfactory
dynamic response and reduced coupling between the outputs, i.e., ig, d and ig, g. In this paper, the desired open-

loop transfer function is selected as
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Lp(s) = H ﬂ]

S

®)
In which mc= 1200rad/s. Note that the bandwidth of the closed-loop system is manipulated by the choice of wc.
In order to ensure the stability and also the dynamic performance of the to-be-designed controller, the
minimization problem is subject to several constraints. The reference proves that to shape the sensitivity

function of the closed loop system, the minimization problem must be subject to the following linear constraints:
W1 (jw) [1 + Lpg(jw, )|
— RI{[1 + Lpy(—jw)] [1 + Lgg(jw.p)]} <O N
VweR and ¢=1,2

whereW1 (jo) is a weighting filter. In this paper, W1 (jo) = 0.5, whi

©)

least 2

minimization problem must satisfy the generalized Nyqui ili ion. oved, the

minimization problem must also satisfy the following constrai

IV.MATLAB/SIMULINK RESULTS
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(b)&(c)

Reference Trackin xis: The reference value of the g-axis is kept constant at—6 A while the reference
value of the d-axis steps up from—2 A to 5 A at the time instant t=20ms implying a change in the active power
flow as well. Fig. 4(a) depicts the three-phase grid voltage, which remains unchanged during the reference
tracking change. Fig. 4(b) and (c) show the three-phase converter and grid currents, respectively. The dg-
components of the grid current, which are regulated by the high-order vector control strategy at their respective
values, are also shown in Fig. 4(d). The latter confirms that upon the step-change in the d-axis, no resonance
occurs in the system, and the reference value is tracked in almost 1 ms. Moreover, upon the step-change in the
d-axis, the g-axis remains unchanged proving the decoupling capability of the proposed controller.
Subsequent to the step-change, the grid voltage experiences minor transients due to its internal impedance. In
both aforementioned experimental tests, the three-phase grid and converter currents follow the requested
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changes with zero steady-state error. Moreover, the currents do not contain resonance frequency ripples, which
confirm the capability of the controller in terms of closed-loop system damping. In addition, it can be observed

that in all cases, the experimental results are in very good agreement with the respective simulation results.
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(d)

Fig.6. Simulation response of the system of the reference change i

on the change of the reference signal nor in the steady-state

of the LCL-filter, a MIMO controller matrix is adopted, whose elements are

controllers with integrators. Contrary to the existing vector control schemes

dynamic performa the proposed approach is similar to the existing ones while its axis-decoupling

capability is superi he design procedure of the proposed controller is based on loop shaping and has three
main steps: (1) attaining a nonparametric model of the system, (2) determining the class of the to-be-designed
controller, and (3) solving a constrained convex optimization problem. Compared with the traditional strategies,
the new control strategy has the superiority, and it is easy to be fulfilled. Thus, the new current control strategy

is more attractive to grid-connected PV, fuel cell, and wind generation systems.
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