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Verification of Three-phase Grid-tied Inverters

with the V/f controlled Virtual PM Synchronous Generator

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

The paper discusses a V/f controlled virtual PM synchronous generator (VSG). The V/f control is used to a speed
control for permanent magnet synchronous motors (PMSM). However, a speed control is not achieved with the
grid-tied operation because the power grid frequency cannot be controlled by the grid-tied inverter. A VSG provides
the relationship between a motor torque, a load torque and a rotation speed for a speed controller. Thus, the V/f
controlled VSG achieves the grid-tied operation by a torque control of VSG. In this paper, a control response and a

stability are analyzed by a simplification. The experimental results are demonstrated with the 1-kW inverter.
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Fig. 1. The control diagram of the proposed V/f control
for the grid-connection system.
@

@ *
P " «  Pcommand
comm 1 Aa)++aw A(U+ + @m
b [ $ -
Pout Pout

(a) Virtual inertia.  (b) Proportional gain
Fig. 2. VSG block diagram.
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Fig.3 the control diagram of the high efficiency control.
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Fig. 4. The diagram of a three-phase grid-tied inverter.
Table 1 the simulation conditions.

Rated output power P out 1 kw
Grid-tied inductance L 10 mH(%Z:24%)
Line resistance R 020
Virtual inertia J 0.08 kgm?
Grid angular frequency 2] 314 rad/s
Grid line-to-line voltage Vgrid 200 Vrus
Damping factor 4 0.707
Natural angular frequency 0N 22.5 rad/s
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Fig. 5 The frequency characteristics of the proportional

control with the damping control.
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Fig. 6 The output power control response by the
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