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Abstract: This paper presents a new control strategy for a
three phase shunt active power filter, which consists of
applying an adaptive nonlinear control. This technique
consists of applying an adaptive nonlinear control to the
uncertain nonlinear model of shunt active power filter
obtained in (dqg) frame by using the power balance between
theinput and output sides. The designed Adaptive nonlinear
controller (ANC) combines the nonlinear feedback
linearization technique with linear adaptive control
techniques and takes into account the uncertainties in the
model parameters .\e Apply an adaptive nonlinear control
inorder to control theline-currents, output DC link voltages
and also to reduce the influence of the parameter
uncertainty. Smulation results clearly show that the
proposed controller has a good performance and robust to
the parameter uncertainties compared with other nonlinear
strategies controllers.

Keywords: Shunt active power filter, feedback linearization
adaptive nonlinear control, and harmonic current
compensation.

1. Introduction

In recent years, the widespread applications of
nonlinear loads increased the harmonic-rd ated problems
in utility and industrial power systems. Consequently,
active power filters have been investigated and expected
to be a viable solution [9]. The shunt active filters are
known to be appropriate means to eliminate harmonic
contamination created by current type nonlinear loads
[4]. The shunt passive filters have been traditionally
used to absorb this type of harmonics. They have,
however, mgjor drawbacks, including the dependency of
their compensation characteristics on the utility grid
impedance, and their susceptibility to undesirable
resonance with grid and load impedances caused by wide
spectrum of current harmonics generated by the load.
The nonlinear loads such as phase-controlled rectifiers
draw distorted currents that are characterized by sudden
slope variations. Hence, the active filter and its current

control should be effective in tracking the dynamic
current reference, which makes the power stage highly
sensitive and the design of the control particularly
critical. A number of control concepts and strategies of
three-phase APF have been reported in theliterature[ 7]-
[8]. Usually, the APF control designis carried on by the
threefollowing steps [8]:

1) Measuring the network voltage and current
signals, 2) deriving the compensating signals in
terms of current or voltage levels, 3) Generating
the gating signals for the solid-state devices using
PWM, Hysterisis, sliding mode controllers, etc. In
[7], thenonlinear control strategy has beenapplied
whichisvery sensitiveto thevariationof R.and L,
parameters, sov,link stray away fromv,,
reference, also a control scheme based on the
esimation of the reference peak source
current | , was done.

This paper presents an adaptive nonlinear control
strategy approach applied to athree-phase shunt active
power filter. This control technique is based on a
feedback linearization technique applied to theuncertain
non linear model of the APF derived from the principle
of the average power balance which providesan efficient
control design processes for both regulation and tracking
problemsof uncertain parameters, R., L. and |, [2,3,5] .

In section 2 of this paper, the nonlinear active filter
mode! is devel oped and analysed. Section 3 the adaptive
nonlinear control is described. Finally section4 givesthe
main simulation results of the adaptive nonlinear
control.

2. The active power filter mathematical model
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Fig.1. Three phase Active power filter topology

Figure.1 presents the topol ogy of three-phase Active
power filter under study. The principle of average power
balance is used to determine the approximate modd of
the compensator [8]. The mathematical model isderived
based on the following assumptions.

- Theutility voltages are balanced and contain no
harmonics.
Only the fundamental components of currents
are considered, as the harmonic components do
not affect the average power balance
expressions.
All losses of the system are lumped and
represented by an equivalent resistanceR,

connected en series with the line
inductor L, Ripple in the dc-link capacitor
voltageis neglected.

Thermsload current of single phase can be written:

lc=lcg +ilcq D)
L=l t+ ]l 2
Wherel 4, | c 4 are the rms in phase component of the
load and compensator current, respectivey,

andl,, |cqare the rms quadrature component of the
load and compensator current, respectively [1] . The
components! 4,1 qandlcq, lcqare obtained using

Park transformation,
The rms source current is then

Therefore

Is=ILq +lcd (3)
The compensator power is. Pcom=nV, |y (4
On the other hand Pcom=P;+ P +P: (5)

WherePy, P and P. are the Power loss in the resistor,
the inductance power and The capacitor average power
respectively, and Vv, istheinstantaneousdclink voltage.
Theaveragerate of change of energy associated with ac

link and dc link is given by:

NVglg =Pr + P+ PR (6)
Then
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The mathematical modd according to the source
I

current ' s may bewritten as:
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Let's consider x, and x, being two states variables and
uistheinput signal.

éxqu_élgu dlg
@ =&, pand u=
Dl Sach dt
Equation (8) can be written as:
k= f(x)+g(xu (9)
Such that:
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3. Design of the adaptive controller

Our objective is to design an adaptive nonlinear
controller for use with athree phase shunt active power
filter (APF) having constant but unknownR. and L . We

start by introducing the nonlinear feedback linearization
controller for the nomina model of the APF. We can
rewrite the system of equations (9) in a form that
suggests an adaptive scheme for the estimation of
R.andL,.

Equation (9) can expend as follows:

k=f,(x)+g(x)u+d, fg () +d, g4 (X u (10)
Where:
é 0 u
() = E8(Va0a - 1a) * Ren (2X4l1a - X - I - 189)) U
6 Cx g
é 0 u
fq (X =§3(2X1|Ld - X12 |Ed - Iéq) u
é Cx
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Thevector d represents the error between the nominal
parametersR,, , L., andtheuncertain

parametersr. , L, respectively.

(11)

A. Non-adaptive version of the controller
If we apply the input-output linearization, we obtain

y =h(x) =Vg

¥=L¢h+Lshu (12
Where:
L h( = 300 1) * Ro@xlia - 4 1o - 160)
Cx,
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If we consider the linear command as
v = k(Vy, - Vy.) the control law becomes:
Or & =v=k (V(;c - Vdc) (14)

Then from equation (12), we deduce the input signal
uas.

u:rlh){- (Ls h)+v} (15)
Then
_ 3V 1)+ R @xI - E - 1R 18]
3Le(Xq- 11q)
CVge (K Vge - Vo) (16)
BLe(X - 14)

Thiscontrol law isthen integrated yielding thereference
supply current pesk valuel | o Used afterward in the

design of the non linear controIIer [1].

B. Adaptive version of the controller
Consider a nonlinear system of the form (9) with
L 4h(x) bounded away from zero. Further, let f(x) and

g(x) havethe form:

nl n2
f0=8 &, andgx=8 9,% 9,0

i=1 j=1

Whereq;®, q@are unknown parameters and f; (x) ,
g; (x) are known functions[12]. At time,
Then

a € 0
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Where: q; = R, andq2 =
Our estimates of thefunctions f and g are:
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Here f (%), (x) stand for the estimates of f(x),
g(x)and q, ,q,are the esimates of the parameters

q,,q, respectively a time t. Consequently, the
linearizing control law (15) is replaced by:
1
- (L¢h 21
. © e @

With(L; h)e , (Lg h)e
Lih,Lgh respectively based on (19) , (20).

representing the estimates of

3(Va(Xq- 1 gq) +G (2% 124-12)

(L h)e= s(Xg~ g 1 C1 Ld - X1 Ld - Icqg (22)
X2

3(Ig - X1) ~
Lgh)e = 23
(Lghe =2 (23)
Wedefine f asthe vector parameter error where:
f=q-q, (24)

Where q , stand for the nominal parameter vector

a=hy af

Thenusing (21) in (12) yidds,

Y=v+f W +f W, (25)
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Thetracking control law is v =k (V4 - Vy.) -

And yielding the following error equation relating the
tracking error e to the parameter errorf

:i:a (x) =

The parameter adaptation laws and the control of the
system can be obtained as follows:

ff=-gew (29)
-1 .
U—(Lg h)e( (Lt h)et+v) (30)

Whereg is the adaptation gain vector.
If y (t) convergetoy ., (t), then all the error variables
are bounded and converge to zero asymptotically.

é=- ke+f "W 28 : :
(28) We can draw the conclusion of the resulting strategy
Where _ control of the objective design in figure.3.
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Fig 2 Owerall diagram of proposed control system of APF
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Tablel

The PWM Converter parameters
Supply’ s Voltage & frequen
PPy A equency 220v (rms), 50hz
Lin€ sinductance & resistance
0.1mH, 2mQ
DC link resistance
20Q
Output capacitors
put cap 370 pF
PWM carrier frequen
equency 1KHz
Shunt active filter parameters
Lin€ sinductance & resistance
0.1 mH, 0.05Q
Output capacitors
put cap 300 pF
PWM carrier frequen
equency 1KHz

4. The Simulation Results

In this section, we implemented the adaptive nonlinear
controller in Matlab/Simulink to verify the stability and
show the asymptotic tracking performance. We
introducein Table 1 theactual parametersvaluesusedin
simulation.

The overall configuration of the control system for the
three phase shunt active power filter is shown in Fig.2.
The block diagram of the nonlinear adaptive control of

the APF isgivenin Fig. 3.
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Fig.5 Supply current and supply voltage without
uncertain

The output Dc link voltage of APF, the supply voltage
and the input line current responses of the ideal input-
output feedback linearization are presented in Fig.4 and
Fig.5, respectively.

If there is no uncertainty the actual output DC voltage
response can track the DC voltage reference resulting
from the reference modd perfectly. The idea input-
output feedback linearisation is based on the exact
cancellation of the nonlinearity, for thisreason, theided
nonlinear control cannot deal with the system
uncertainties.

1. Uncertain of L,

Figures (6-7and 8) gives the ssimulation results of the
proposed adaptive nonlinear controller when the
uncertainty L. isintroduced with (10%) of the nominal

value( L. =0.11mH). Figure(8) presentstheoutput DC

link voltage of APF with adaptation law, where the
transition of L. isoccurred at t=0.07s.
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2. Uncertain of R,

Figure (9and10) gives the simulation results of the
proposed adaptive nonlinear controller when the
uncertainty R, isintroduced with (10%) of the nominal
value (R, =0.5 mw). Figure (10) presents the output
DC link voltage of the APF with adaptation law, where
thetransition of R.isoccurred at t=0.07s.
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3. Uncertain of R.and L,

Figure (11, 12, and13) givesthe simulation results of
the proposed adaptive nonlinear controller when the
uncertainty R.andL, is introduced with (20%) and
(10%) respectively of the nominal value (R,=0.6mW,
L. =0.11mH).

Figure (13) presents the output DC link voltage with
adaptation law, where the transition of (R.andL.) is
occurred at t=0.07s.
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Fig.12 Estimation of the parameter L (t)
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5. Conclusion

We have implemented and simulated the adaptive
nonlinear control for an uncertain three phase shunt
active power filter, which provides an efficient control
design for both tracking and regulation. Global
asymptotic stability of the block system is guaranteed.
Simulation results obtained werein good performanceas
it is expected. The strategy control was very robust to
uncertain parameters and gave a very high power factor
and small ripplein current line supply.
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