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Abstract

The grid-connected inverter plays an important role in wind turbine grid-connected power generation system.
The performance of inverter control strategy directly affects the grid-connected current quality. For
quasi-proportional resonant(QPR) control, the output signal step of controller exists owing to the input signal
step, and the grid current will be distorted by the low-frequency noise in the input signal. In order to solve these
problems, the performance of quasi-PR control should be improved, so a method of constructing quasi-PR
controller with two degrees of freedom is adopted, by which the improved controller can effectively suppress the
influence of the step and low-frequency noise in the input signal on the grid-connected current. The improved
controller is simulated on MATLAB, and the results show that the applied method can effectively improve the
property of the existing problems of quasi-QPR controller and the quality of grid-connected current.
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1. Introduction

In the recent world demands and use of electricity generation take a diversion towards renewable energy source
because of large availability, clean environment, and less pollution. The daily increasing power and energy
demands have promoted the development of wind power energy system. At the grid side for synchronization of
power generated by the wind turbine and power demanded by grid station, we need to install a grid-connected
inverter with wind power generators which can satisfy stringent control requirements under steady-state and
transient conditions [1-2]. The controlling technologies and methods of connected grids from renewable energy
sources have obtained increasingly attention of the researchers. How to enhance the quality of grid-side current
and compensate the harmonics has become research goal of renewable energy field[3]. In recent years
proportional-resonant (PR)control is the most famous current controlling technique for grid-connected systems
[4-7], mostly used to remove the tracking error during the regulating of the sine wave signal. For the PR control,
controller and filters can easily implement selective harmonics without desirable computational resources.
However, the implementation of the ordinary PR algorithm requires very high precision hardware system and it
is not friendly interface to grid frequency offsets, also difficult to apply in practice [8]. The 3-phase LCL-type
grid-connected inverter in [9] is provide the fuzzy algorithm for the Quasi-PR control, which consists of two
loops, for the capacitor current “Inner feedback control loop” for the grid side current “Outer QPR control loop”
respectively. For the regulating the QPR controller the researcher also used self-tuning of the fuzzy parameters
and high performance is obtained. The Quasi-PR current Controller is examined for capacitive coupling (CC)
grid-connected inverter system and in contradiction with the PI current controller, but the quasi-PR controller
decrease the steady-state error[10]. It also produces a voltage reference for applying the carrier-based PWM to
boost the quality of the waveform. In this article the improved quasi-PR algorithm with harmonic compensator is
designed to overcome shortcomings of QPR and eliminate the impact of harmonics frequencies on
grid-connected current. The design procedure of QPR current controller and selective harmonics compensation
method has been applied for 3", 5th, and 7" harmonics using Matlab tools.

2. Grid-connected inverter based the QPR controller with harmonic compensator

For the selected resonant frequency, the ordinary PR controller has an infinite gain and zero steady state error for
the specific AC signal. The bandwidth of the signal is very narrow so in this paper we adopt the Quasi-PR
controller. The block diagram of grid-connected inverter based the QPR controller with harmonic compensator is
shown in figure 1. The QPR is the resonance term used to achieve 50Hz tracking of the baseband signal.
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Harmonic compensator is the harmonic suppression and the system can be used for low-order (mainly 3,51 7 )
multiplier signals. Sampling the inverter current, the L-type filter is used.
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Figure 1.The QPR current controller with harmonic compensator

The transfer function of the QPR is given in equation (1).
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In the equation (1), k, is proportional coefficient and k; is integral coefficient, wo is resonant frequency, whereas

W is the cut-off frequency.
The transfer function of harmonic compensator Gu(s) is shown in equation (2)
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In Figure 1, iwf is the reference current with the same frequency and phase as the network voltage, ig is the
grid-connected current, ug is the grid voltage, The equivalent transfer function of the inverter Gq(s), and
transfer function of the filter G«(s), is shown in equation (3) and equation (4) respectively.

G (S)IM
T TS+l -

Where: Tpww is the switching period of the inverter; kewn is the equivalent gain of the inverter to the switching
function. The transfer function of L-type inductor filter in the system is:

1

Gi(s)=——-
sL, +R
o7 4
Where: Lg is the grid side filter inductance, Rg is the grid side equivalent internal resistance. According to
Figure 1, the control system model of the grid-connected inverter is used to drive the system for Open loop
transfer function and closed loop under the grid voltage disturbance, the transfer functions are shown in
equations (5) to (7) respectively.

GOpen (s)= GQPR (8)G4 (s)G; (5) (®)
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1+ GOpen (S) (6)
Gopen (S)
GCIose (S) =20
1+ GOpen (S) (7)

According to equation (6), the grid voltage ug is connected to the grid-connected current disturbance. The Bode
diagram of Ggp(S) is shown in Figure 2.
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Figure 2. Bode diagram of Ggp(S)

According to the equation (7) bode diagram of the closed-loop transfer function of the system is shown in figure
3.
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Figure 3. Close loop Bode diagram of the Closed- loop System with QPR controller

In figure 3, the obtained results shows that Geese(S) has the unity gain with null phase shifting for the basic
frequency with chosen parameters. The magnitude response change in the region of zero at low frequency range
when PI controller is used [10]. Increasing the PI controller proportional gain may affect the magnitude response
toward zero. Anyhow high gain may cause the function of the control system. The ability of current tracking is
raised when the QPR controller is used. Steady state current tracking error is minimized by using QPR controller
according to the response in Figure 3. Therefore QPR is more appropriate Controller.
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3. The construction of 2-DOF QPR controller and Characteristic analysis

3.1 Construction of a 2-DOF QPR controller

Two Degrees of Freedom Active Damping Technique is developed for Filter-Based Grid-Connected PV
Systems[11]. The one degree of freedom is transformed into the two degrees of freedom controller by
decomposition of the input signal and reformation the structure of one-degree of freedom controller, in order to
achieve the goal of double-optimal tracking performance and harmonics suppression performance for given
values. In reference [12] the controlling layout is Adaptive linear element strategy, which is used to remove
positive sequence basic frequency elements of the grid by tracing the unit vectors along with tuning of the
weights. The structure of the modified controller system is shown in Figure 4.
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Figure 4. The modified model of QPR control system

A\ 4

The closed-loop transfer function of the improved system is shown in equation (8). The open loop transfer
function is the same as the unmodified quasi PR control.
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3.2 Analysis of the controller's anti-low frequency noise interference characteristics

According to the improved system control model (Figure.4), The system's reference input signal and the
feedback signal of grid-connected current applied to different controllers respectively, so that the tracking of
fundamental frequency signal and the suppression of low-frequency noise can be separately controlled to achieve
the tracking of 50 Hz signal and the suppression of low-order harmonics. The Bode diagram of the closed-loop
transfer function of the system is obtained from the control model and equation (8), as shown in Figure 5.
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Figure 5. Bode Diagram of Closed-Loop Transfer Function for
An Improved Quasi-PR Controller System

As can be observed from Figure 5, the gain of the system is 1 at 50 Hz and very small at 150, 250 and 350 Hz,
which shows that the system has tracking ability for components at 50 Hz and suppressing ability for other
low-order harmonic components. Compared with the traditional quasi-PR controller, the system can track signals
at 50, 150, 250 and 350 Hz. The improved QPR current controller can suppress the low-frequency noise
interference very well.

4. Analysis of Controller Step Suppression Characteristics

The output of the traditional quasi-PR controller cannot suppress the step signal because the input step signal will
directly act on the proportional part of the controller. After the improvement of the controller, the proportional
part is moved back and stepped. The signal does not directly act on the proportional part but on the resonant part.
When the step reference input signal is loaded into the resonant part, the output signal only has a component at
the resonant frequency and no step will occur. The simulation model of the quasi-PR controller with two degrees
of freedom is built. The simulation results are shown in Figure 6 where 1- shows reference Input Signal and
2-shows the Improved Controller Output Signal. From figure 6, it can be seen that the output of the controller is
almost zero to step input, which shows that the improved QPR is able to overcome the shortcoming of the
traditional quasi PR controller, and is more suitable for wind power grid-connected control.
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Figure 6. Step Response of Improved QPR Controller
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In the simulation, a certain amount of third, fifth and seventh harmonics are applied into the power grid and set
the reference input signal from step 4 to step 7. Figures 7 to 9 are grid-connected current waveforms controlled
by 2-DOF PR current controller and 2-DOF QPR current controller respectively.
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Figure 7. Grid-connected current waveform when the step occurs in an
input signal of QPR control
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Figure 8. Grid-connected current waveform when the
step occurs in 2-DOF PR control input signal
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Figure 9. Grid-connected current waveform when
the step occurs in an input signal of 2-DOF QPR control

Comparing the simulation waveforms in the above three cases, it can be seen that, when the amplitude of the
reference input current takes a stepped. In Figure.7 the current waveform controlled by a quasi-PR current
controller is distorted, which will have an impact on the grid and interfere with the stable operation of the power
grid. In Figure 8 the current waveform controlled by a 2-DOF PR current controller is somewhat distorted at the
beginning and takes a long time to reach stability. When the input signal step occurs, the grid-connected current
does not step, but the speed of tracking the reference current is slow and took about 7 cycles. In Figure.9 the
grid-connected current waveform controlled by a 2-DOF quasi-PR current controller does not step when the
input reference signal steps. The reference current can be tracked after 2 cycles with no apparent distortion. By
comparison, the 2-DOF quasi-PR controller is the best choice for single-phase grid-connected current control. It
can seem that the 2-DOF quasi-PR controller tracks the voltage capability of a power network better than the
2-DOF PR controller. After the grid-connected current is stable, the simulation diagram in the range of
0.505~0.545s is used to compare the effect of the two parallel grid-connected current tracking networks voltage.
As shown in FigurelO, the grid-connected current has been increased 10 times for the convenience of
observation. From Figure 10, it can be seen that there is a certain phase error between grid-connected current and
voltage under the control of 2-DOF QPR controller, and it can achieve the same frequency and phase with the
grid voltage very well. The existence of phase difference reduces the power factor of grid-connected inverters.
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Figure 10. Grid-connected Voltage and Current under 2-DOF Quasi-PR Control

There is no phase deviation which indicates that the QPR grid connected controller current tracking capability is
good and more conducive to improve the grid-connected power factor.
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5. Conclusion

By analyzing the theory and performance of improved QPR controller and the simulation results of MATLAB it
can be proved that 2DOF quasi-PR controller has a strong ability to suppress the harmonics of power grid
without PLL. It also suppresses the step of the output signal and it can effectively reduce the instantaneous
impact of reference current step on the power grid. When this control mode is adopted, the grid-connected
current can be quickly tracked the change of the reference current amplitude, and keep the same frequency and
phase with the network voltage and high-quality grid-connect current is guaranteed.
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