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Design of Disturbance Observer Based Virtual Impedance
to Improve Performances of Single-Phase Virtual Synchronous Machine

Geon Heo, Yongsoon Park
Gwangju Institute of Science and Technology

ABSTRACT

The performances of a virtual synchronous machine
(VSM) are determined not only by its inherent parameters
such as the inertia and droop coefficients but also by the
output impedance of the inverter. If the output impedance of
the inverter is insufficient, the output power of the VSM
may have oscillatory behaviors. This paper proposes a
method to implement virtual impedance based on a
disturbance observer (DOB) for a single-phase VSM. The
proposed method can adjust the output impedance of the
inverter by using a simple frequency domain DOB. In
addition, an output voltage distortion due to nonlinearities of
the inverter is also compensated by the DOB. The basic
principle and design method of the proposed DOB for
implementing virtual impedance are explained in this paper.
The effectiveness of the proposed method is validated with
the hardware-in-the-loop—simulation (HILS).
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A control block diagram and a circuit diagram of
the single-phase virtual synchronous machine
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Fig. 2 A block diagram of the disturbance observer for
the implementation of virtual impedance
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Fig. 4 Bode-plots of plant models depending on the
application of the proposed virtual impedance
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Fig. 5 A Hardware-In-the-Loop_Simulation system

— Ly =4lopH, 2 2=7| 015 E
— Ly = 410pH, Lp, = 410pH, 22 #57] HE
6 . —— : _
=4 .
= |
o2 HH
&lo | ‘
o] 2 500ms/div. |/ |
oF —
-4 |
(a)

— L =3x410uH, 92 B57| 0|8
| Ly =410pH, Ly, = 3 x 410uH, 912t #57| Mg
=4
= 'OOrns/diV\
w2 q—bf t 1
1
[

0 -2

(b)
O3 6 A& Fuls of2h Al tha TR SY17| 7E o3 oRy ol
(a) HIMEY 2Mof w2 d|w, (b) 7HF LEHA MEof| W v
Fig. 6 Active power waveforms of single-phase virtual
synchronous machine when the grid frequency drop:(a)
Compar ison of active power waveforms according to inverter
nonlinearity compensation Comparison, (b) according to
application of virtual impedance
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