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Improved Model-free Adaptive Control
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ABSTRACT: To solve the problems that the existing
distributed secondary control (DSC) of AC/DC microgrid is
greatly influenced by the parameters of the primary control, the
communication topology of DSC is complicated, and the
secondary control parameters are difficult to set, etc., DSC of
hybrid AC/DC microgrid based on improved MFAC (MFAC-
DSC) is proposed. In this paper, the dynamic linearization
parameters of distributed generation are estimated online by
using the historical sampling data, and the traditional DSC’s
problem of being easily affected by the primary control
parameters is solved. In order to deal with the issue of the
interlinking converter communication failure, the
communication network and control strategy of DSC is
optimized through no communication interlinking converter.
Besides, the convergence of the MFAC-DSC control system is
derived, and the stable convergence condition is given. Based
on a real AC/DC microgrid experimental platform, the
feasibility of MFAC-DSC is verified under various operating
conditions. Compared with the traditional DSC strategy, the
MFAC-DSC method can effectively reduce the power
fluctuation caused by the change of distributed generation’s
droop coefficient, and the droop coefficient can be adjusted on
a larger scale. Meanwhile, it solves the problems of control
failure and bus voltage offset caused by the interlinking

converter communication failure.

KEY WORDS: AC/DC microgrid; model-free adaptive
control (MFAC); distributed secondary control; power
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Table B1 Structural parameters of
VSC and hybrid AC / DC microgrid

Bt} S8 Bl
IR A BUEV 173
$iE Hz 50
X . =R/ NiNAY 300
FM AR (VSC)
JEYE R/ mH 1.2
P& HL 2R /UF 16
TF KA /kHz 10
Ry/Q, LymH 0.4,0.33
. Ry/Q, Ly/mH 1.1,2.67
LT ™
Ry/Q, LyymH 0.7, 1.45
AEWR A 900+300j VA
Rao/Q 0.5
HRTM Ra/Q 1
Hi AT /W 600

& B2 VSC HiEHISH
Table B2 Control parameters of VSC

HH ZH Kl
HIHRZEHIW 600
TIhIhZE 25 /var 300
A I & R BUHZKW 0.05
VSC1 ToT) T~ 3 R HU(V/kvar) 20
B F 8 o1 /(KW /Hz) 0.005
B R B a1/ (kvar/V) 0.005
AR A He 100
BINNRSHEE/W 400
TINThH Sl /var 0
BT E R B (HZKW) 0.05
VSC2 T T 1 REU(V/kvar) 20
ARZEMR T R o/ (KW /Hz) 0.005
AR E R Eag/(kvar/V) 0.005
TR @A %/ Hz 100
HIHRZEH/W 500
IR ERE(V/KW) 30
VSC3
LK R M 0/ (KW/V) 0.005
AR S He 100

#z B3 MFAC DHRITHIZESH
Table B3 Parameters of MFAC distributed controller t

25 HE ZH HE
n 0.01 A 0.02
P 0.01 u 0.02
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AC/DC microgrid connects DGs with DC output
and AC output through interlinking converter (IC),
which reduces the number of power conversion
equipment and improves the efficiency. Distributed
secondary control (DSC) of hybrid AC/DC microgrid is
to manage power sharing and voltage restoration
the
communication.

This paper proposes a DSC of hybrid AC/DC
microgrid based on improved MFAC (MFAC-DSC). The

historical data of DG is used to estimate the dynamic

throughout microgrid by local neighbor

linearization parameters of hybrid microgrid, and DSC can
be realized by solving two optimization problems.
Compared with the existing DSC, MFAC-DSC can
reduce the influence of primary control’s parameters on
DSC and realize accurate power sharing among DGs
without communicating with IC.

The block diagram of MFAC-DSC is shown in Fig. 1.

MFAC-DSC is based on droop control and the power
information of adjacent DGs is acquired through the
communication network. Improved MFAC can be utilized
to calculate the power reference of DG according to the
local and neighbor power information. Herein, IC adopts
constant DC voltage control and doesn’t need to
communicate with other DGs in MFAC-DSC. The same
performance can be achieved comparing to the existing
DSC, and IC can also act as a bridge to transfer active
power between ac-MG and dc-MG with the collaboration
of ac-DGs and dc-DGs.

For notional convenience, active DSC and reactive
DSC in MFAC-DSC can be expressed in the same
framework. The corresponding relationship of variables in
MFAC-DSC is shown in Table 1.

MFAC-DSC can predict the dynamic linearization
model of hybrid AC/DC microgrid by using historical
data and the prediction can be transformed into an
optimization problem, which is shown in (1).

min J[g,, (k)]=[A, (k) =@, (k) Au,, (k)T +
K19, ()=, (k=D M

where gag,,.(k) is the estimated value of pseudo partial
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Fig.1 Block diagram of MFAC-DSC

Table 1 Corresponding relationship of variables in MFAC-DSC

MFAC-DSC  Active DSC (ac-DG/dc-DG) Reactive DSC

By Active PPD ¢, Reactive PPD ¢,
U Power reference Pregi/ Pacreti Power reference QO
Vsi Active power P;/Pg; Reactive power Q;
Xyi Frequency @;/DC voltage vy AC voltage v;
Frequency reference @i/
Xiref a 4 . AC voltage reference Vier

DC voltage reference Vicrer

derivative (PPD) and £>0 is the weight coefficient.
According to the estimated value of PPD in (1),

system input u(k) can be calculated by solving another

optimization problem, which is depicted by (2).

min Ju, (k)]=&; (k+1)+Alu, (k) -u (k=D (2)

where & (k+1) can be expressed as follow
évi (k +1) = asi ['xx[rcf _xx[ (k)]+ Z a[j [ysj (k)_yw (k +1)]
JeN;
The power reference of DGs can be calculated
based on the optimization problems (1)-(2) and MFAC-
DSC can be realized.



