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Abstract

A new method to control a micro-grid consisting of various distributed generation (DG) units
which are connected to the distribution grid is presented in this paper. In this regard, an energy-
management algorithm based on robust control is realized to coordinate the performances of the
battery in the micro-grid for grid-connected networks and islanded performances. The designed
controller for DG inverters employs a novel algorithm of predictive control which provides faster
computation time for high consumer power systems by improving the transient control and steady-
state problems, separately. In addition, a micro-grid consisting of a proton-exchange membrane
fuel cell (PEMFC), a photovoltaic (PV) array, and a lithium-ion storage battery (SB) is considered.
In order to reduce the overall computation time of the system, the designed controller for DG
inverters employs a newly developed MPC algorithm which decomposes the control problem into
transient sub-problems and steady state. The entire presented system is simulated using MATLAB
and then simulation results illustrate the effective performance of the proposed system. Micro-
grids with renewable DGs such as solar cells and lithium-ion batteries that are connected to the
network via converters are used as the reactive power compensation of nonlinear loads. A robust
control method is used for controlling the inverter switches for batteries connected to the power
network. An approach based on a robust control study is used in the formation of H_infinity,
considering the transient and steady-state response when the system voltage and frequency have
priority. Assessments use this method to control voltage and frequency in micro-grid scenarios.

Keywords: Micro-grid, Energy management, Robust control, H_infinity, Frequency control.

1. INTRODUCTION

In recent years, effective application of control and communication methods based
on power management systems such as
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grids has been proposed [1]-[5]. These study
materials involve energy management
method in order to balance power on the
network, appearing in the real and imaginary
components. These trends provide higher
levels of penetration of renewable and
sustainable generation, such as solar and
wind power into the grid. However, these
renewable sources are irregular in their
generation, therefore they might compromise
the stability and reliability of the network
[4]-[8]. When a fault occurs in the network
components such as actuators, sensors, and
plants, it leads to performance degradation
and even causes instability of the network.
Thus, there is a critical necessity to design
fault tolerant controllers (FTCs) to
compensate for error effects and guarantee
the system's reliability and stability with
effective performance.

Generally, the FTCs are categorized into
two types: active and passive fault tolerant
control. The active fault tolerant control
(AFTC) technique usually requires a fault
detection and isolation (FDI) scheme which
includes a task to detect and localize errors
that eventually occur in the network. The
passive fault tolerant control (PFTC) is based
on robust control techniques which makes the
system insensitive to certain faults that are
taken into account in the design step. This
technique needs no redesign and online
detection of errors and therefore is more
interesting.

Three-phase induction motors (IMs) are
very important in industry because of their
reliability, high performance, and low costs
[4]. However, due to environmental,
mechanical, thermal, and electrical stresses,
IMs are addressed to multiple faults. Stator

and rotor failures including eccentricity and
broken bars are the most famous asymmetric
faults. The eccentricity faults can be
categorized into two types: static eccentricity
and dynamic eccentricity. The static and
dynamic eccentricities can cause stator and
rotor asymmetries, respectively [5-6].

From AFTC point of view, different FDI
techniques have been proposed for IM. In [7-
9], the authors have detected the broken bar
fault by model-based parameter estimation
techniques. Multiple signal processing
techniques such as fast Fourier transform
(FFT) are studied in [10-11]. In [12-14],
artificial intelligence techniques have been
discussed for fault detection. Furthermore,
some other sliding modes [15], adaptive [16],
and sensorless methods [17-21] have been
proposed in recent years.

From PFTC point of view, the sliding
mode control (SMC) technique has received
great attention due to its robust behavior
against model uncertainties [22]. In [23], the
authors have proposed an approach which
detects the occurrence of a fault and switches
itself between a nominal operation controller
and a sliding mode faulty controller. In [24],
a second-order sliding mode controller
(SOSMC) has been designed based on the
backstepping method. The SOSMC is
utilized to avoid the chattering phenomenon;
moreover, the backstepping method is
applied to bring the IM model nonlinearities
into the control inputs direction. However,
both of the mentioned pieces of literature
only have studied the rotor broken bar fault
and there is no attention to other faults like
the stator eccentricity.

In this paper, two fault-tolerant sliding
mode controllers are developed for IM in
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order to attenuate the effects of the stator and
rotor faults (broken bar and eccentricity) and
the load torque variations. The first controller
is developed based on the NBC technique
which has been reported in [25-26]. This
NBC technique is a powerful tool to handle
nonlinearities of the IM model. However, it
is computationally burden and it is not able to
remove the complete effects of non-
vanishing unmatched faults/uncertainties. To
solve the mentioned problem, an improved
NBC technique is proposed, which is the first
novelty of this study. On the other hand, since
the SMC with a linear sliding surface
presents slow transient responses and
considerable tracking errors [27], a novel
nonlinear sliding surface is suggested that

shows a fast transient response with small
tracking errors. This technique is known as
nonlinear sliding mode control (NSMC).

The paper is organized as follows: In
Section 2, the IM healthy and faulty
dynamical models are presented. Two NBC
transformation techniques are implemented
for IM faulty model in Section 3. In Section
4, two robust fault-tolerant sliding mode
controllers are developed based on the NBC
transformated models. In section 5, the merits
of the designed controllers are verified by the
simulations on IM subjected to the
matched/unmatched faults and load torque
disturbances. Finally, conclusions are given
in Section 6.
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Fig. 1. Configuration of proposed micro-grid.
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2. STUDIED MODELS OF MICRO-
GRID

Figure 1 shows the micro-grid structure
studied in this paper. According to the figure,
the micro-grid can be connected to the
network or be considered as an islanded
micro-grid. The main DG unit includes a 15-
kw PEMFC and 40-kW PV array, which
have been connected in the parallel form to
the DC side of DG inverter 1 by a DC/DC
boost converter in order to regulate the DC-
link voltage of the DG inverter in an optimum
level by delivering the required power. In this
configuration, the PEMFC is employed to
support the intermittent generation of the PV
array, and the PV array is realized in the form
of a primary generation unit. In the case that
there is large sunlight, the PV array acts in the
MPPT state in order to provide maximum DC
power. Under balance operation, the state
space model of an inverter is presented in the
synchronously rotating reference frame (d-q)
according to the following equations [23-24,
28]:

. dy
vV, =Ri, +—% -
ds s ds dt sl//qs
dy
— H gs
Vs = RSIqs + o + oY 4
dl//dr

Vdr = O = I:zridr +

- (605 — )l//qr

dyg

Vqr =0= Rriqr + + (a)s - a)r)l//dr (l)

l//ds = Lsids + I-midr’ lr//qs = Lsiqs + I-miqr
Wdr = Lridr + Lmids’ l//qr = Lriqr + Lmiqs
do, 1

- (T.-Fa-T),
dt J(e on=T)

a)l' = pa)m

Te = p%(l/jdriqs _l//qrids)

r

where iy, i, are the components of the stator
current, v, ,y, are the components of the
rotor flux, v,,v, are the stator voltage
components, v,,v, are the rotor voltage
components, «, is the stator pulsation, @, is
the electrical angular speed, o, is the
mechanical speed, R, and R, are stator and
rotor resistances, L, and L, are stator and
rotor inductances and L, is the mutual
inductance, p is the number of pole pairs, T,
is the electromagnetic torque, T, is an

unknown load torque, J is the moment of
inertia coefficient, and F is the friction
coefficient.

Based on the FOC strategy, the coupling

between the rotor flux vector [y/dr,a//qr]T and

the electromagnetic torque T, should be

reduced. This coupling is reducible by
selecting the rotor flux orientation as follows
[23-24]:

[//dr = l//r ’l//qr = O (2)

From the above assumption, the inverter
model will be simplified as:

do, _PLn,  _F T

d  Ld =3

dy, L,. 1

—La - _my

dt Tr ds Tr l//dr .
%——ai + i+ L, 1 Yo ?
dt S A S AT

di : . L Pp

@i -—wi.—— @ + =

dt as s ds Ul—sl—r der GLS
with
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b, )

z-rl//dr

o, = Pw,, +

where 7, = L
R

r

is the rotor time constant,

2

o=1- Ly is the coefficient of dispersion,
and a =( R 1_(7} is a constant.
oL, or,

2.1. IM Faulty Model

In this study, two classes of faults in the IM
model are considered [5-6]:

1- Rotor asymmetries, which accrue
because of dynamic eccentricity or broken
rotor bars; Broken rotor bars lead to the
variation of rotor resistance. This variation
can be modeled by substituting R, +AR,

instead of R, into the IM dynamic model (3).

2- Stator asymmetries, because of static
eccentricity. According to literature [6], in
the presence of dynamic and static
eccentricities, it causes asymmetries in the
induction motor which is generated due to
faults which in turn yields some slot
harmonics in the stator winding. This effect
can be modeled by considering a sinusoidal
fault term to the stator present values.

Especially, letting iy’ (t) and i;' (t) indicate
the stator present values without any faults.
Alsoig (t) and i (t) are the same values

while faults exist. Take notice that this
current can be explained as:

iy (t) =i + Asin(a, (t) +6,(t) + ¢),

= f ~uf (5)
ig, () =ig, + Acos(e, (1) +6,(t) + ¢)

where the phase ¢ and the amplitude Aare

unknown and depend on the stator or rotor
faults entity.

If we suppose that faults just happen
when the induction motor works in a steady
operation, then:

o, (t)+6,(t) =2 ft ©)

+(pa)m,ref +a)sl )t+950

In faults, the dynamic eccentricity is
concerned, therefore:

o, () +6,(t) = 2(r f +2ka )t
+ ( pa)m,ref + a)sl )t + 950

(7)

where o, = @, — po,

m, ref

is the slip angular

frequency, o is the reference of rotor

m,ref

speed, f is the supply frequency, &,

denotes the unknown position of reference
frame when the fault exists, k =1,....N is the
finite integer.

From the above-mentioned faults, the IM
faulty model can be described as:

do pL_. F

—m T ——tht

dt Lr\] qudr J hl()

dy, L,. 1

%:T_Ids__l//dr-i_hz(t)

dids——al +oi, +—o

dt - ds s'gs o Ser_r l//dr
; ®)

+—5 4+ h(t

= h(

di . L,Pp

£ —-ai, —awi, ——"o

dt gs s'ds O'LL ml//dr

SsTr

208 )
ol 4

S
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where  h(t) = —T]—L +h(Aig),  h()=,

h,(Aig, AR, ), hy(t) =h,(Aig,,AR,) and
h,(t) =h,(Ai,, AR ) depict the fault and

uncertainty terms which originate from the
variation of rotor resistance, harmonics in the

stator winding (Ai, =i, —ig,), and load

sdq !

torque variation. It is worthy to note that the
load torque T, is added with the fault terms

due to its typically uncertain nature.

The control objective is to design sliding
mode controllers for governing the rotor
mechanical speed @, and the rotor flux

v, =[wq.v, ] in the presence of faults and

uncertainties. By taking a glance at the IM
faulty model (8), it is evident that the model
is not in the companion form. Therefore, the
SMC technique is not applicable directly. To
solve this problem, the NBC transformation
technique will be developed in the next
section.

3. NBC TRANSFORMATION
APPLICATION ON IM DYNAMICS

In this section, two types of NBC
transformation techniques are expressed. The
first one is the conventional NBC technique
which is presented in [25-26]. However,
because of the elimination of uncertainty

—— X
: J
X, {X“}, W= ]|

problem and reduction in the amount of
computation, we have proposed a second
approach. More details are presented below:

To make the IM faulty notations (8) less
complex, consider the following new
variables:

Xy = Wy X =Wqr

Xo1 = lgs Xy =1

(9)

gs
Hence, the motor dynamics can be written as:

d L, F
axll :FI:_inzxzz _jxu + hl(t)

d L, 1
X = XXy +h2(t)
T T,

dt g
Lm
X51 axy + o Xy, + oL Lz X5
1 STr-r (lo)
+——V, +hy(t)
+PP
X5 Ay, — Xy — T X1 %,

1
+ U—qus +h,(t)

S

The system model (10), can be
represented in the following NBC-form as:

X1 = fl(Xl) + Bl(xl)xz + Hl(t)

. (12)
Xz = fz(lexz)"'Bzu(t)"'Hz(t)
where:
pL
0 ™ X,
oL Th)
B(X)=| RO

— 0
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X
Xzz{ 21}' fZ(Xl,X2)=

22

Vds
u(t) = {V }

The NBC-form (11) is composed of two
blocks, where X, is the fictitious control for

the first block, and H,(t) and H,(t) are the

unmatched and matched fault vectors,
respectively.

Assumption 1: Assume that the fault
vectors be bounded as:

[H. @) < Hinex (12)
IH, O < Hapa (13)
where H, . and H, . are known positive
constants.

3.1. Conventional NBC

Now, let us define the following tracking
errors:

Z
Zl :{ 11} = xl,ref - X1

12
. Xll,ref _Xil _ a)m,ref — @y,
X12,ref =X Varret ~Var

. Is the desired value of X,. The

(14)

where X

1,rel

time derivative of (14) is:
Zl = X1,ref - Xl (15)

Substituting the first block of (11) in
(15), yields:

Lm
—aXy, + W, Xy + ——I—
O

—aXy, — WXy —

— 0
L.Lz, ke oL,

p BT 1
m 0 -
L ke pry

Zl == fl(Xl) + X1,ref

_Bl(xl)XZ_Hl(t) (16)

Let the fictitious control input X, for
(16) be chosen as:

X, =B(X,)

. (17)
[_ fl(xl) + xl,ref + Klzl - Zz]

where Z, is a new variable, and
k, O

Klz{” } k,>0, k,>0 is the
0 k,

control gain matrix. Inserting the virtual
control law (17) into (16) results in the first
transformation block in the new coordinates:

Z, =—-KZ +Z,—H,(t) (18)
From (17),Z, can be derived as follows:

Zz = f1(X1) - X1,ref - Klzl

(19)
+B, (X)X,
The time derivative of (19) is:
. d . :
Zz = a(fl(xl)) - Xl,ref - Klzl
(20)

+ (B0 X+ BOWX,

The above equation can be represented
as:
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Zz = F(szz’ X1’ Xl,ref ) Xz)

(21)
+B(X)u(t)+H(t)
‘? 0
F(Zl’ 221 le Xl,ref ) Xz) =
0 —-—
Tl"
pL,, -
+ 0 Lr_J(k12212 — Iy +X12,ref)
0 0
B(Xl) = Bl(xl)BZ
_F
J
H(t)=| K, + 1
0 -—-—
T

From (18) and (21), the IM first
transformed model can be expressed in the
new coordinates (Z,, Z,) as follows:
Z,=-KZ,+Z,-H,(t)

Z‘2 = F(Zl’ 221 le Xl,ref , Xz) (22)
+B(Zy, X, o Ju(t) + H(t)

Remark 1: The above transformation
model contains three main drawbacks:

1- Deriving the second block dynamic is
troublesome due to the lengthy computation
of (20).

For high-dimensional systems, this problem
will be a real challenge and needs to be
solved.

2- In designing controllers, low tracking
error (Z, —0) is hard to achieve due to the

non-vanishing uncertainties like T, in the
unmatched vector H,(t). To avoid this

problem, the load torque T, should be known

with the following details:

1 (Klzl - Zz + Xl,ref ) - Xl,ref - Kl(_Klzl + Zz)

X, +B(X) H (X, X5)

pL,,

H,(O) +B (X)H, ) +| L J |h,

0

by measuring or approximating it.
3- There is no reference value for X,. In

the other word, governing the virtual state
X, is not considered so important, and this

inconsideration case causes some problems
in practical applications.

The next transformation technique is able to
improve the mentioned problems.

3.2. Improved NBC

Consider the following tracking errors:

Z
Zl = Xl,ref - Xl :[ 11}

212
_ Xll,ref =Xy _ D ret — Oy
X:LZ,ref =X Varret ~Var
Z
Z,= Xz,ref - X, :[ 21:|
222

. X21,ref _X21 . Ids,ref _Ids
X22,ref - X22 Iqs,ref - Iqs

(23)
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Taking the time derivative of Z, and ) i )
substituting the first block of (11) in it, yields: 2y = Xora =Xy == To(X0, Xy) 27)

Zl = X1,ref - Xl
= Xl,ref - fl(xl)
- B1(X1)(X2,ref - Zz) - Hl(t)
== fl(Xl) + Xl,ref - B1(X1)X2,ref

+ Bl(xl)zz - Hl(t)

(24)

In (24), we replaced X, by X,  —Z,.
Hence, X, . will be the fictitious control
input instead of X,. This replacement is the

main reason for the derivational calculation
reduction.

Now, let's propose the fictitious control
input X, . for (24) as:

Xz,ref = B{l(xl)(_ fl(xl)+ X1,ref (25)
+K,Z, + K, tanh(Z,/ p)))

where tanh(:) is the hyperbolic tangent
function and is the approximation of sgn(-),
p, is a small enough positive constant, and

kswll 0 . T .
Kon = is the sliding gain and
O ksw12

that should be selected in such a way that
K| > H

By substituting the virtual control law
(25) into (24), we have:

Imax *

Zl = _Klzl + Bl(Xl)ZZ

(26)
—K,, tanh(Z, / p,) - H, (1)

Moreover, calculating the time derivative
of Z,and inserting the second block of (11)

into it, yields:

+ Xz,ref - Bzu(t) - Hz(t)

From (26) and (27), the IM second
transformation model can be expressed in the
new coordinates (Z,, Z,) as follows:

Zl = _Klzl + Bl(xl)ZZ
- szl tanh(zl / 101) - Hl(t)
22 =—f, (X, Xy) + Xz,ref
—B,u(t) —H,(t)

(28)

It is worthy noting that compared to the
conventional NBC:

1- The second block dynamic (27) is
determined easily with no more derivational
calculations.

2- The non-vanishing unmatched fault
and uncertainty effects can be attenuated by

the robust term K, tanh(Z,/ p,) .

3- Converging Z, — 0, will result in

swl
XZ - XZ,ref '
4. FAULT TOLERANT SLIDING MODE

CONTROL

In this section, two fault tolerant sliding
mode controllers are designed for the
conventional and the improved NBC
transformation models.

4.1. SMC with the Conventional NBC
Let us define the following sliding manifold:
s(t)y=2,(t)=0 (29)

By taking the time derivative from (29)
and using (22), we can obtain:
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Fig. 2. Single phase schematic of inverter combined by filter.

S(t) = F(Zl’ Zz' Xl’ x1,ref 1 xz)

(30)
+B(X)u(t)+ H(t)

Theorem 1: Consider the IM first
transformed NBC model (22) with the linear
sliding surface (29) and Assumption 1, then
the following control law is considered:

U(t) = Bil(xl)[_F(Zl’ ZZ’ Xl’ Xl,ref ! XZ)

(31)
- Kzzz - szz sgn(s(t))]

which guarantees zero convergence of
Z,, and boundedness of Z, around zero.

Hence, the IM speed and flux tracking errors
convergence around the origin will be
assured. Where

k 0
K, =| # } k,>0, k, >0,
2 |:0 k22 21 22

K — |(sw21 0
e 0 ksw22 ’

sz > Hmax > ”H (t)” '

and

Stability proof: In order to assure the
closed-loop system stability, consider the
following Lyapunov candidate:

vzég% (32)

Taking time derivative from (32) and
using (30) and (31), result in:

V=s$=27,
= Z; (F(Zl’ sz X1’ Xl,ref ' Xz)

+B(X)u(t)+ H(t))
= Z; (—K,Z, = Kq,259n(Z,) (33)
+H(t))
= _KzzzTZz + ZzT (_szz sgn(Zz)
+H (1))
Selecting K, > H, ., yields:
V=-K,Z2]Z,<0 (34)

which fulfills Z, - 0. Then, the first
transformation model (22) can be reduced as:

Z, =-KZ +0-H,(t) (35)

From (35), it is obvious that Z, will

converge to zero for vanishing uncertainties,
while H,(t) has the non-vanishing term T, in

h (t). Therefore, the flux convergence is
possible (wy — Wy ), but the mechanical
speed will have deviations from the reference

speed (@, s —@, > ¢ #0).

,ref
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It is worthy to note that choosing large
values of K, can reduce the speed tracking

error, but it is not able to remove the error
permanently.

4.2. NSMC with the Improved NBC

In this section, the NSMC is applied for the
second transformed NBC model (28). In
other words, a nonlinear sliding surface is
proposed to improve the conventional SMC
slow responses.

Consider the following nonlinear sliding
manifold:

s(t) =Z,(t)+¢ j; 7/ (2)dr (36)

where s(t)=[s,(t), s,®] 0<,u=§<1,

and p,q are rational odd numbers; in

addition, ¢ is a positive constant.
Taking time derivative from (36) yields:

$(t)y=2, +cz% (37)
Inserting (28) into (37) results in:

S(t) = _fz(xl’ XZ) + XZ,ref
+cZy —B,u(t)—H,(t)

(38)

Theorem 2: Consider the IM second
transformed NBC model (28) with the
nonlinear  sliding surface (36) and
Assumption 1, then consider the following
control law:

u(t) = Bgl(_ fz(xl’ Xz) + Xz,ref +szﬂ

(39)
+K,s(1) + Ky, sgn(s(t)))

which guarantees Z, and Z, zero

convergence. Hence, the IM speed and flux
tracking errors convergence is assured, where

k 0
K, :[ (2)1 kzj ,and [|[Kg,, [ > Homa

Stability analysis: Let us define the
following Lyapunov function:

V (t) = 055" (t)s(t) (40)

Taking time derivative from (40) and using
(38) and (39), we can get:
V() =s' (t)s(t)
V(1) =T (1) F,(X0 X,) + Xy g
+€Z4 —B,u(t) - H, (1))
V(t) =s" (1) (~K,5(t) (41)
— K2 SON(s(t)) — H, (1))
V() =-s" ()K,s(t) +s" ()
(=K SON(S(1) — H, (1))

Selecting [|Ky,, > H,me Yields:
V(t) = —s" ()K,s(t) <0 (42)

which guarantees the second block state
vector zero convergence (Z, — 0). Then, the

equation (28) can be rewritten as:
Z,=-K,Z,+0

(43)
—K,, tanh(Z, / p,) - H, (1)

To analyze (43) stability, consider the
following Lyapunov function:

V,(t)=0.5Z]Z, (44)
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Calculating the time derivative of (44)
and substituting (43) into it results in:

vl(t) = ZlT Z.1 = ZlT (_Klzl
- szl tanh(Zl / pl) - Hl(t))

= _ZlT KZ, (45)
+2] (K, tanh(Z,/ p,)
B Hl(t))
By selecting the sliding gain
‘ Ko ‘ >H,,..., We have:
V() =-Z/K.Z, <0 (46)

which assures Z, — 0. The inequality (46) is

the main advantage of the second
transformation form (28) and the control law
(39) over the first transformation form (22)
with the control law (31).

5. DESIGN OF ROBUST INVERTER
CONTROL BASED ON THE H-
INFINITY METHOD

Figure 2 demonstrates the plant model which
is obtained via the system single phase
diagram. The circuit breaker SC is required
during the shutdown and synchronization
mechanism.

The currents of the two inductors and the
voltage of the capacitor are chosen as state
variables of this plant, so we have:

X= [il iz uc]T (47)

The external inputw =[u, u.]" includes

the grid side voltage ug and the reference
voltage that may be tracked is ure , and
finally, the control input of the system is u.
The plant state space description can be
represented by:

X = AX +Bw+B,u (48)
Then, the output equation will be:
y=e=Cx+Dw+D,u (49)

By considering the filter and grid
together, we can show:

" " Ko () »

* FVI » I
W W, —— 1z,
> HTB 3
G(S) » Hf:l—b Iy
¥ )
b "y
O—

Fig. 3. Representation of robust controller.
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controller inverter system. For this purpose,
by taking into account the disturbance input,
reference input noise measurements and
weights as well as the design, consider the
models of figure 2, where the H-infinity
technique is employed to design the robust
controller which is called K, (s) .

6. SIMULATION RESULTS

This section evaluates the designed robust
controller efficiency through extensive
simulations using MATLAB / Simulink; the
simulation results prove their advantages in
comparison with the conventional inverter
controller.
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Fig. 4. For system charge mode: (a) Load Power; (b) DG’s output power; (c) Battery DC voltage; (d)
Load AC voltage; (e) Controller output.
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Fig. 5. IM speed response.
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Fig. 7. Rotor flux.

Comparative simulations of the discussed
PFTC controllers (31) and (39) (SMC with
the conventional NBC vs. NSMC with the
improved NBC) are presented in Figures 5-
10. The IM speed response, electromagnetic

torque, rotor flux, stator currents, speed and
flux tracking errors, and new transformation
variables are shown in these figures.
The simulation test involves
following operating sequences:
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To investigate the proposed controller’s
performance  under stator  faults,
simulations are carried out in the
presence of static eccentricity. In order to
simulate the fault of the stator, currents of

the stator are destroyed by assuming that
A=05, ¢=0and ao/(t)+0,(t) is
computed using (6). Also, the time for
stator fault occupancy is assumed in
t=9s.

Speed and flux tracking error
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b) NSMC with the improved NBC.
Fig. 9. Speed and flux tracking errors.
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New coordinate variables
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Fig. 10. New coordinate variables.

Figures 5-10, demonstrate that the NSMC
with the improved NBC technique has a low
tracking error and low variation against
different faults in comparison with the SMC

with the conventional NBC approach. In
addition, the unmatched fault effects are
removed effectively. Furthermore, the
NSMC with the improved NBC method
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chattering is less than the SMC with the
conventional NBC method.

7. CONCLUSION

Impact resistant H-infinity controllers on the
inverter were connected to microgrids in this
study. The role of H-infinity controller for
controlling the micro-grid was as a filter. An
undetermined value of the resistor, capacitor,
and inductor filter was intended as a
parameter.  However, the  micro-grid
resistance was assumed with uncertainty. In
order to reduce the overall computation time
of the system, the designed controller for DG
inverters employed a newly developed MPC
algorithm which decomposed the control
problem into transient sub-problems and
steady state. The entire presented system was
simulated using MATLAB/SIMULINK and
then simulation results illustrated the
effective performance of the proposed
system. Micro-grids with renewable DGs
such as solar cells and lithium-ion batteries
that were connected to the network via
converters were used as the reactive power
compensation of nonlinear loads. In addition,
a robust control method was used for
controlling the inverter switches for batteries
connected to the power network.
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