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Fundamental Evaluation of Requirements on Control System
to Minimize Output Filters of Grid-tied Inverter
Tetsunori Kinoshita*, Hiroki Watanabe, Jun-ichi Itoh, (Nagaoka University of Technology)

A fundamental evaluation of requirements on a control system to minimize output filters is discussed in this
paper. This paper focuses on steady-state operation and dynamic response of a single-phase grid-tied system in
order to achieve the miniaturization of LCL filter. In particular, the circuit behavior of the grid-tied inverter with
minimized LCL filter is discussed when the current command step and disturbance voltage are provided. Then,
the requirement for the robust inverter control is revealed from the experimental results. As the result, the voltage
disturbance response is important at stiff-grid, and the current response is important at weak-grid. In other
words, the control characteristics to be noted change due to grid impedance fluctuations, which has a trade-off
relationship. Thus, the comprehensive design strategy for controllers and output filters might be the most

promising candidate for the future single-phase grid-tied system with the minimized output filter.
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Table 1.

System Parameters.

Circuit Parameter
Ve DC-link Voltage 350V
Ve Grid Voltage 200 Vi
P, Nominal Power 1 kW
fz Grid Frequency 50 Hz
7y Base Impedance 40 Q
C, Base Capacitance 79.6 uF
Switching Device (SiC-MOSFET) SCT3030AL
N Number of Level 3
fow Switching Frequency 100 kHz
_& s | Equivalent Switching Freq. 200 kHz
Controller Parameter
DSP TMS320C6678
FPGA (200 MHz CLK) XC6SLX45
sam Sampling Frequency 100 kHz
A Duty update timing 1
fe Crossover Frequency 7 kHz
GM | Gain Margin 3dB
PM | Phase Margin 45 deg
K, Proportional Gain 43.1(L+L) kQ
T Inte&l Period 172.067 us
Sensor and Detection circuit Parameter
Current Transducer (Current sensor) LA 55-P
Isolation Amplifier (Voltage sensor) HCPL-7840
OpAmp LMS833-N
ADC (3 MSPS, 12-Bit SAR) AD7482

Table 2. LCL filter Parameters.

0.2
0.1
0.0

LCL Filters Prototypes
Prototype | Case1 | Case2 | Case3 | Case4 | Case5
L 560 uH | 130 uH | 80 uH | 56 uH | 32 uH
(%Zy)  1(0.44%) ] (0.1%) [(0.062%)[(0.044%)](0.024%,
Ly 560 uH | 130 uH | 80 uH | 56 uH | 32 uH
(%Zy)  [(0.44%) | (0.1%) [(0.062%)|(0.044%)|(0.024%
G 0.1 uF | 0.47 uF | 0.66 uF| 1 uF | 1.66 uF
(%Yep 1(0.13%)(0.59%) | (0.83%) | (1.3%) | (2.09%)
Jr s 130.1 kHz|28.8 kHz| 31 kHz |30.1 kHz[30.9 kHz
£ weak 21.7 kHz|20.5 kHz| 22 kHz [21.3 kHz{21.9 kH7
_. 08
E 07
g 0.6 Total volume
Lo’ 0.5 Inv. side inductor volume
04 Grid side filter inductor volume
E 0.3 Filter capacitor volume
| - Case 2
=3
=
)

1 10 100 1000
Inverter-side inductance L [uH]

Fig. 2.  Relationship between inverter-side
inductance and output filter volume based on Table 1.
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Fig. 3. Grid-side current feedback control system.
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Fig. 5. Experimental results under stiff-grid.
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Fig. 6. Grid current THD and power factor characteristics under stiff-grid.
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Fig. 7. Experimental results when grid current command changes between full- and half-load with Case 2.
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when grid current command changes from half-load to
full-load with Case 2.
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Fig. 10. Maximum current and maximum amplitude voltage characteristics under difference conditions of grid impedance
when grid current command changes.
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Experimental results when grid voltage changes between 200 Vims and 160 Vims with Case 2.
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Characteristics of grid-side current feedback control system.
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