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where,

Eg=/V2 +V2 and E;=,/V? +V?

After synchronization the controller use current references
lgoe and I, . respectively which are generated from PI
controllers as given in (2a) and (Zb). A pair of PI controller
has been used to generate 14, and I, .,
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where AP = Pref — Pactuar and A(? = Qref - Qactual'
where Puctuar and Quetuar are given by,

: (KP-AQ—k Ki/AQ> (2b)

(3a)
(3b)

Pactual = ng Igd + ng ng
Qactual = ng ng - ng Igd

Power reference P, for standalone mode of operation can
be calculated as,

k
Pref =Ky - (Vg ®U) . <S—|—k> (4)

III. MODELLING OF PREDICTIVE CONTROL DESIGN

For current control in MPC structure, the output filter need
to model in discrete domain and can be represented by
using (3) and (€). The actual state variables and current
references can be represented by (§) and (9).
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where | is identity matrix
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The feedback gain for the MPC controller can be formulated
by (I0) after simplification.
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The voltage vector to track the current references can cal-
culated using (II)) and corresponding error for each selected
voltage vector can be calculated from (12a). The modulus of
voltage error can be calculated by (12b).

Vopt - Kd . (xref - X) (11)

X.=Vopr —M-D-U (12a)
error = X, - X, T (12b)
where,
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IV. ACTIVE DAMPING STRATEGY FOR LCL FILTERS FOR
GRID-TIED INVERTERS

To filter out the switching frequency harmonics from power
line generally we use the filter with the corner frequency in
the range of 1/10th of the average switching frequency of
the inverter. For a 10kHz inverter with MPC the switching
frequency can be as low as near the corner frequency of
the filter, for our case we observe it’s reaches near 1kHz.
So the variable switching frequency modulation strategy like
MPC architecture, inverter filter can be excited by the PWM
switching. For damping the resonance from the power circuit
the most simple method is passive damping by using resistive
component in the circuit. But the passive method is lossy and
can not be used for high power application[8]]. Key idea of
active damping is to remove resonance effect from inverter
output voltage and current by using the inverter controller
without resistive elements. Here in the proposed active damp-
ing strategy we use the sensed capacitor voltage and inverter
current input as feedback for the damping loop. From voltage
and power information we filter out the harmonic components.
For weak-grid conditions usually the power control is realized
by controlling the 14 and 1, component of the grid current as
compared to conventional power control strategy where only
14 is controlled to realize power control as given in (I5). The
references from active damping algorithm in and
are added to current references from PI controllers to produce
actual current references given as (2a) and (2b).

S 1
lige = <s+a> |invdq Vage = <1+b> Iim’dq (15)

The damped power outputs signals are,

Pdamp = Vdf Idf + qu qu (16&)
Qdamp = Vdf qu - qu Ile (16b)
Eventually, 14,,,,, and g, are calculated as,
Vi P am +V’L am
gy = 2o Vg Qe (17a)
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The reference signals fed to controller are,
Id‘]ref = Ideamp + Ianctual (18)

Constants a and b used for this work are 300 and 30 respec-
tively.
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Fig. 6: Grid Current characteristics for step change from OkW
to P =5kW and Q = —2kVAr

Fig. 7: Grid Current characteristics for step change from P =
5kW and Q = —2kVAr to P = 7:5kW and Q = —1kVAr
without active damping strategy

Fig. 8: Grid Current characteristics for step change from P =
5kW and Q = —2kVAr to P = 5kW and Q = —1kVAr
with active damping strategy

VI. CONCLUSION

The results from simulation show that MPC for grid tied
converters in weak grid conditions works satisfactorily with
active damping strategy. The controller follows the real and
reactive power command quickly without any significant dis-
turbance in the system. Initially the power setpoint is given as
P = 5kW and Q = —2kVAr, after the power stabilizes at
given setpoint, the power command is changed to P = 7:5 kW
and Q = —1kVAr. Moreover from FFT analysis results it
can be proved that the THD of grid current by using active
damping reduces from 8.22% to 2.5%, which is within the
limits given by IEEE 519-2014[9]. The proposed controller
uses a novel approach to realize MPC controller for grid-tied

inverters specially in weak grid conditions with active damping
strategy to mitigate the effect of resonance in LCL filters.
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