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Verification and Power Response Analysis of Three-phase Grid-tied Inverters based on V/f control

Kodai Nishikawa, Hiroki Watanabe, Jun-ichi Itoh, Senior Member (Nagaoka University of Technology)

The paper discusses a V/f control for a grid-tied inverter. The V/f control is used to a speed control for permanent
magnet synchronous motors (PMSM). The V/f control achieves a grid-tied operation because there are equivalences
of the equivalent circuit of the grid connection and a PMSM. In addition, the V/f control has a inertia-support
capability without a virtual synchronous generator (VSG) model. In this paper, a control response of the V/f control
is analyzed for comparison with a VSG control. The experimental results are demonstrated with the 2-kW inverter

for the verification of the control response.
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Fig. 1. The control diagram of the proposed V/f control for the
grid-connection system.
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Fig. 2. The diagram of a three-phase grid-tied inverter.
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Fig. 3. The block diagram of second-order approximated response of
the output active power with the proposed V/f control.
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Fig. 4. The control diagram of swmg equation-based VSG control.
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Fig. 5. The block diagram of second-order approximated response of
the output active power with the VSG control.
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Fig. 7. The block diagram of second-order approximated response of
the output reactive power with the proposed V/f control.
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Table 1. Circuit and control parameters.

DC voltage Ve 500 V
Grid voltage RMS V grid 200V
Grid frequency f gria 50 Hz
Switching frequency fow 10 kHz
Grid-tied inductance L 12 mH

Line resistance

(only used on a simulation)
Natural frequency fa 1Hz
Damping factor 4 0.707
Ratio of frequency of

stabilization control
Rated power P rated 2 kw
Proportional gain of

R 010

0.707

high efficiency control Kie 0.2
Cutoff frequency of
high efficiency control fhe 0.01 Hz
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Fig. 8. Zero-pole plot of second-order approximated responses of
proposed V/f control and VSG control.
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Fig. 11. The block diagram of fourth-order approximated response of
the output active power with the proposed V/f control.
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