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ABSTRACT: The single-loop weighted average current (WAC)

control is attractive for the LCL-type grid-connected inverter
owing to its inherent active damping. High robustness can be
naturally harvested without any additional damping, but it
requires two current sensors. Depending on the different weight
values, a family of the splitting current single-loop control
schemes with the associated filter configurations was
developed in this paper, where only one current sensor is
needed. Furthermore, considering the potential damping of the
point of common coupling (PCC) voltage feedforward, a
unified model of these splitting current single-loop control
schemes was established, and the overall active damping
performance was evaluated, paving a way for the robust design.
To tolerate the grid impedance variation, the robust range of the
weight value was depicted, which helps select the proper
correlative splitting current single-loop control scheme.
Experimental results are in well agreement with the theoretical
expectations, and confirm that high robustness, high-quality

grid current and cost-efficiency can be concurrently achieved.
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The single-loop weighted average current (WAC)
control is attractive for the LCL-type grid-connected
inverter owing to its inherent active damping. High
robustness can be naturally harvested without any
additional damping methods, but it requires two current
Sensors.

To reduce the cost, a family of splitting current
single-loop control is proposed, as shown in Fig. 1. By
splitting the capacitor current, the grid current, and the
inverter current, iwa in three cases of weight value £,
ie., 0<p<1, f>1, and F<0, can be directly sensed,
respectively.  Accordingly, the single-loop control
schemes can be applied to achieve the WAC control with
saving a current sensor.

To guide the selection of the proper weight value
and suitable splitting current control schemes, from the
perspective of tolerating the grid impedance variation, the
robust range of the weight value is further graphically
presented. Here, the common-applied unit PCC voltage
feedforward is also considered. Via series of the
equivalent transformations of the control block diagram,
the WAC and PCC voltage feedforward are equivalent to
virtual impedances connected in parallel with the filter
capacitor. The total equivalent resistance R.q provides the
damping ability, while equivalent reactance X.q causes
the system resonance angular frequency @,’ to deviate
from the LCL resonance angular frequency ,. To
provide effective damping, a positive R, at @, is
preferable.

According to Re(@,")>0, the constraint of S versus

a)r 1S derl\/ed as
K sin l.Sa)T
ﬂ’ f ( T s) >0

cos(1.5a0'T.) +
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Further, according to the Nyquist frequency, the
boundaries of # bound by GM, , are obtained, i.e.,
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Constrained by (1), (2), and (3), the stable region
can be depicted. Then robust weight value securing
stable operation against the variable L, can be clarified.

All the theoretical expectations have been validated
in a 6-kW setup. The tested results verified that low cost,
high robustness and low distortion can be confirmed by
the proposed control schemes, and the design method is

effective.
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