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Robust Droop Control of Grid-Connected Inverters

M. Elkayam, A. Kuperman
Dept. of Electrical Engineering and
Electronics, Ariel University, Ariel
40700, Israel

Abstract — The use of distributed generation in microgrid
systems is becoming a popular way to provide a reliable source
of electricity to critical loads. Droop control techniques are used
in power systems for the synchronization of grid-connected
inverters by local measurements of active and reactive powers.
Despite the benefits of distributed generation, the drawback is
that large grid-side impedance steps can cause a system to
become unstable. A robust control method based on disturbance
observer is proposed in this paper. When the proposed robust
controller is utilized, closed loop performance remains nearly
nominal throughout the whole operation range. Simulation
results confirm theoretical issues.

Keywords — Droop control, disturbance observer, robust
control.

I. INTRODUCTION

Droop control techniques are widely used in power systems
for the synchronization of inverters connected to the grid. This
method requires active and reactive power to be measured in
order to droop the frequency and voltage accordingly such
that the inverter mimics the behavior of a synchronous
generator [1]-[5]. However, droop control still has drawback
of high dependency on the power line impedances, i.e. the
grid impedance and the inverter output impedance. In
previous researches, the magnitude of the inverter output
impedance is assumed to be smaller than the magnitude of the
grid impedance [6]-[8]. However, increasing the inverter side
inductance will increase size and cost.

In order to consider the changes in the grid side inductance,
robust control approach is proposed in this paper, independent
of the system topology thus suitable for any grid-connected
inverter system. The method is based on two-degrees-of-
freedom control structure [9] and consists of two loops as
follows: the inner loop estimates lumped uncertainty and
disturbance causing by the inductance changes, causing the
system to deviate from nominal plant and cancels it, making
the outer loop “see” the nominal plant and regulate it using
nominal controller [10], [12]. In order to estimate lumped
uncertainty and disturbance, disturbance observer (DOB)
approach utilizes appropriately filtered inverse plant model
[13], [14].

Il. CONVENTIONAL DROOP CONTROL METHOD

A. System structure

The grid-connected inverter considered in this paper is
shown in Fig. 1, where V and V, are the peak values of the

inverter voltage and the grid voltage, respectively, § is the
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phase angle of the inverter voltage, and i is the current which
flows from the inverter to the grid through the inductor L. R
represents a virtual resistance. Moreover, the phase angle of
the grid is assumed to be zero.
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Fig. 1: Circuit diagram of the grid-connected inverter

The inverter voltage and the current defined by the functions
v(t)=Vsin(wt+5) 1)

i(t)=1Isin(at+g), 2)
where ¢ is the phase angle of the current and @ is the

inverter frequency in rad/s. Following [11], the virtual active
and reactive powers are given by

P= %[\/ cos -V, cos(5+6)] ®3)

Q‘=%[\/ sin@-V,sin(5+0)], 4)
whereZZ60 =R+ jX ,and X = wL .
The transformation T'(8) used to define the virtual active and

reactive powers
—coso || PT|
sind || Q|

o[ Tl Lo

5
1| X =R P ©
ZIR X ||Q]
Finally, the transformed virtual powers
VV, sin &
P , Sin ©)
z

_ 2

Q:VVO co;5 V, . @)

It can be seen that P and Q depend simultaneously on the
inverters phase angle, and the difference between the inverter
voltage and the grid voltage.

Usually, the angle ¢ and the voltage difference between

V, and V are very small, so the active and reactive power
can be deduced as follows


http://www.microgrids.et.aau.dk/
mailto:joz@et.aau.dk

1V,
p==.% 8
N ®)
< Vs
:—V. 9
Q 5 9)
Then, the conventional droop control is given by
o=a,-k (P-P) (10)
\Y :Vo _kQ(Q_QO)l (11)

where @, and V, are the base frequency and voltage
respectively, P, and Q, are the temporary set points for the
real and reactive power, and P and Q are the measured

averaged real and reactive power values through a notch filter
(NF), set to double grid frequency (2ew,). The use of NF

instead of the commonly used low-pass filter with cutoff
frequency of 0.2w, (one decade below the double grid

frequency), achieves ten times fastest dynamic response of the
system because the filter frequency bounds the controller
operation frequency to be at least one decade below.

B. Problem formulation

From (8) and (9), the plant models of the active and
reactive powers are

PO=E=1 12)

n |~

P S)=—=
O] v
Droop controllers may then be selected as shown in [15]

|f01 ISH | e
N|<

(13)

C(s) = % P(s)?, (14)

where «. is the desired crossover frequency, leading to the

“ideal” loop gain wc/s. However, attaining “ideal” loop gain is
a nontrivial challenge since both P and Q plants depend
heavily on the effect of the power line impedance, particularly
the unknown grid side impedance value. Since the plant
affected by the line impedance changes, i.e

Zmin <Z< Zmax’ (15)

it can be seen from (14) the influence on the controller
stability as well. Hence, the performance of the whole system
with controller designed to nominal mode is not guaranteed,
because the system doesn’t remain nominal. In order to
overcome this drawback, some proposals were done by
neglecting the grid side impedance by much higher inverter
side impedance, which beside the obvious loss of size and
cost, also slow down the dynamic response of the system.

I11. DOB BASED CONTROL

In order to consider the changes in the power line
impedance, disturbance observer (DOB) based robust control
approach is proposed in this paper.

A. Basic concept of DOB
The DOB is known as an estimator which estimates the

unknown inputs with known information of the control
system. The controller consists of two main loops operating as
follows: inner (fast) loop estimates lumped uncertainty and
disturbance, &(s), causing the system to deviate from nominal
plant, P, (s) , and cancels it, while outer (slow) loop forces the

closed loop system to follow desired dynamics (Fig. 2).
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Fig. 2: DOB-based two-degrees-of-freedom feedback
control system

Conventionally, the disturbance observer based on the
inverse of the system transfer function is called Q-filter
approach. The Q-filter is added to make the inverse of the
system transfer function proper and filter the measurement
noise in high frequencies. The DOB filter transfer function is

1
Q) =— (16)
@ S+1
with
@y >> ac; o >> 1. (17)

B. Proposed droop control

According to (14), we can easily design any controller
based on the nominal model.

Cu(8)="ER()* (18)

where the nominal plant of the active and reactive power
deduced from (12) and (13)

1 V7
Poon(s)= 5 zO (19)
V,
PQ—N (S) = anm (20)
Hence, the DOB can reject the input and output

disturbances and compensate uncertainties of the plant while
the controller still designed by traditional droop control
method.

IV. SIMULATION RESULTS

The circuit diagram of the grid-connected inverter shown in
Fig. 1 was used to simulate the effect of the proposed control
method. Simulation results are shown in Figs. 3-6. The
simulation is repeated with a number of different inductance



values to study the effect of this parameter on the
conventional (Figs. 3 and 5) and proposed (Figs. 4 and 6)
systems. It can be seen that when utilizing the proposed
controller, closed loop performance does remain nearly
nominal even at operation extremes. Moreover, the system
with DOB controller has relatively fast response settling time
with respect to the conventional droop controlled system. All
system parameters are given in Table 1.
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Fig. 3: Dynamic response of the active power with
conventional droop control
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Fig. 4: Dynamic response of the active power with
proposed droop control
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Fig. 5: Dynamic response of the reactive power with
conventional droop control
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Fig. 6: Dynamic response of the reactive power with
proposed droop control

Parameters Value
P W] 30
QVAr] 20
VolV] 230:2
f,[Hz] 50
f,[Hz] 10
f.[Hz] 1
R[Q] 0.1
L[uH] 650
Zoom €] 0.2

Table 1: System parameters

V. CONCLUSIONS

A robust disturbance observer based control approach is
presented in this paper, aimed to cancel the effect of changes
in the grid side impedance values. Simulation results have
shown that typical droop controller, designed according to
nominal operating point, fails to maintain nominal
performance throughout the whole operation range. Utilizing
the proposed controller, closed loop performance does remain
nearly nominal even at operation extremes. Moreover, it was
demonstrated that the system with DOB controller has
relatively fast response settling time.
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