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ABSTRACT

This paper studies the stability of a doubly fed induction generators for wind turbine, the system is closed
loop and it is constructed around the port controlled Hamiltonian system with dissipation (PCH-D). The
control law is based on the passivity using the principle of interconnection and damping assignment (IDA
PBC). Compared to a nonlinear system, the simulation results confirm the effectiveness of the proposed
method. Indeed, the closed-loop system is asymptotically stable, during the energy-based design energy
function and transformation into the port-controlled Hamiltonian system. The IDA PBC technique provides
an effective design means compared to the nonlinear control design.

Keywords. Doubly Fed Induction Generator (DFIG), Interconnection and Damping Assignment Passivity-
Based Control (IDA-PBC), Wind Turbine (WT).

1. INTRODUCTION

Electricity is a concern of society. The
depletion of reserves, environmental impact and
rising fossil fuel prices indicate the need to
diversify the generation system. In this context,
wind power is a renewable energy that requires no
fuel, creates no greenhouse gases, and does not
produce toxic or radioactive waste. It is one of
power generation sources to achieve lower cost to
achieve the objectives that the European Union is
set for 2020: 20 % renewable energy (wind and
others) in overall consumption energy. Studies have
shown that the global wind energy capacity will
raise and thus increase global installed capacity.
The growth observed in 2012 was driven specialy
by the United States and Europe.!

Although primary experiments indicate
that the maturity of the technology deployed in this
domain might not be sufficient for the using of
wind farms in large scale distant from shore, the
rapid development of offshore wind energy is

! HORS SERIE, le journal de I'éolien n°12-2013-Wind
Energy Barometer-EUROBSERVER'S February 2013

rapidly improving. Driven by customer demand and
pressure to be very competitive in the market, wind
power has become an area of great interest and
concern. This same concern and interest extends to
scientific research. Indeed, many research has
focused on renewable energy in this case, wind
power has increased considerably over the past long
asit has good forecasts [1] [2]

In fact, research on wind energy systems
has attracted much attention and achieved
remarkable results. The Doubly Fed Induction
Generation (DFIG) is a common configuration for
large and variable speed wind turbines. Control
problems of nonlinear systems wind turbines with
DFIG are widely studied [1]. Severa advanced
design methods are used to design control for wind
turbines based DFIG [3].

Also, passivity-based control (PBC) has
flourished considerably. With its strengths
application to several physica systems, it has
considered as an important tool in nonlinear control
research. Recently, the interconnection and
damping assignment passivity based control (IDA-
PBC) has become a flexible and appropriate
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method for the controllers design in nonlinear
systems, by introducing a variety of toolsto assign
the interconnection and damping of internal energy.

For designing a controller for DFIG, the
stabilization of nonlinear systems shaping their
energy function, has attracted more attention from
many researchersfor several years, we used a
recent approach, which is the energy shaping
controller design technique. [4],[5].

The new methodology, known as the
Interconnection and Damping Assignment (IDA)
approach, is based on energy shaping and
passivation principles, which uses the passive
properties of Port Hamiltonian system, this (IDA)
technique is concerned with regulating the behavior
of nonlinear systems assigning a desired port-
controlled Hamiltonian structure to the closed-loop

[4].

In this paper, we are interested in studying
the problem of wind control of the DFIG through
construction of the Hamiltonian energy function
and get a Port Controlled Hamiltonian PCH model,
which are a class of passive systems. Such system
has been a real interest center for many researchers
lately, in particular for stabilization objectives. The
key of the procedure is transferred this function to
another Hamiltonian function with dissipation
(PCHD) using the feedback controller and shapes
the function of energy to a PCHD. To apply the
IDA-PBC, we propose to fix the structure of the
energy function desired. Finally, the simulation
which is compared to a nonlinear system has
approved the efficiency of the proposed approach.

This paper is organized as follows: section
two describes the IDA-PBC methodology. The
proposed Doubly Fed Induction Generator control
via IDA-PBC is detailed in Section 3; findly,
section 4 deas with the implementation and
experimental results.

2. THEIDA-PBC METHODOLOGIE

The Interconnection and Damping Assignment
passivity-based control (IDA-PBC) methodology is
a feedback control design that intents to manipulate
a port-Hamiltonian structure of the closed-loop
system [6],[7].

IDA-PBC has found alarge variety of applications.
Numerous applications have been made to under
actuated mechanica systems, A discrete-time
counterpart of IDAPBC design for a class of
Hamiltonian systems was developed in [8].
Furthermore, an Euler approximate model was used

to have discrete-time control laws, which are
implemented around the coordinate increment
discrete gradient.

Moreover, the IDA-PBC control approach used
under the actuated mechanical systems has been
extended to integrate the open loop damping. The
most important observation is that for a fixed
closed loop inertia matrix, there is a sufficient and a
necessary condition for the existence of a control
redesign capable of managing the new damping
terms[9] .

Recently, a non-linear controller based on the
interconnection and damping assignment approach
have been proposed to solve the problem of
converters coordination of a fuel cell system
involving a hydrogen fuel cel with super-
capacitors for applications with high instantaneous
dynamic power [10] Later, based on the IDA-PBC
techniques extensions to the sampled-data context,
a digital design was given for speed control of
permanent magnet synchronous machines[11].

For a brief methodology explanation, let us
consider the system [12]:

x=f(x)+g(xu @
And assume there are matrices J , (X) = —J] (X)
R,(X) = R} (X) > 0 and afunction
H,(X):R" > R So that the closed loop system
)
with control variable U

u=[g" (9] x
9" (9{[Js ()~ R, (9] VH, - f ()}

Takesthe PCH form

x=[3,(x)-R,(x)]VH, )
Hq(X) issuchthar X =argmin__,(H,(X))
with X e R" the (locally) equilibrium to be
stabilized. The system is asymptotically stableif, in
addition, X is an isolated minimum of H(X)

and if the largest invariant remain under the closed-
loop dynamics (2 contained in

{XeiR”/[VHd]T R,(X)VH, =O} equals X

The stability of X is established noting that,
aong the trgectories of (2), we have

Hy (%) = -[VH,] R,(X)VH, <0
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Hence, H, (X) isqualified as aLyapunov function
Asymptotic stability immediately follows invoking
the La Salle’s invariance principle (LaSalle,1960),
see also in [13].Finaly, to guarantee that the
solutions remain bounded, we give the estimate of
the field of attraction as the largest bounded, we
give the estimate of the field of attraction s the

largest bounded level set of H,(X) .

3. DFIG CONTROL VIA IDA-PBC

In this section the considered model for the
DFIG wind turbine is presented. First, the turbine
model is introduced concentrating the attention to
the existing relationship between the wind speed
and the amount of wind power that can be captured
by this device. The second and third parts are
dedicated to presenting the construction of the
PCH system and transformation of the obtained
model to the PCH-D Port Controlled Hamiltonian
with Dissipation system. In the last part a solution
of equilibrium state is given.

3.1 Modeling DFIG wind turbine

A standard configuration of the DFIG-based
wind turbine is shown in Figure 1, which is
composed of the wind turbine, drive train, DFIG,
controller and power grid.

=

Figure 1. Basic Configuration of Wind Turbine with
DFIG

In this paper, the model of the wind
turbine with DFIG is a third-order model as
proposed in [14]. Hereafter the equation's model:

%_ PS_Pm __Ellzlids_Ec‘}iqs_Pm
d 2H 2H

tot tot

dE. 1

S

r

—% = _gn,E, —?[E;] ~(X.- x's)ids]+w Ly
0

dE, ol N L
—==9WE, ——,[Ed —( X — Xs)lqs}+ws—mv
dt TO er
(©)
Where
: LY. L
Xs :WsLss’ Xs :Ws[Lss _L_m ’TO =—7
rr Rr
Notation
S Rotor dlip
H Total inertia constant of the turbine
ot and the generator
=) Output active power of the stator of
S the DFIG
P Mechanical power of the wind turbine
m
L Stator self-inductance
SS
L Rotor self-inductance
rr
L Mutual inductance
m
W, Synchronous angle speed
X X Stator reactance, Stator transient
s' s reactance
E E d ,q axis voltages behind the
d 9 transient reactance
Vg Vg d, g axisrotor voltages

The model of the wind turbine with DFIG (3) isa
system with two inputs V;, and V. the statesare

S,E('j and Eq

The model of the wind turbine system with DFIG
can be described by the following form:
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i C . P
__ @ E — ds Ed _ m
S 2Ht0t ‘ 2Htot 2Ht0t O 0
: L, Var
e |=|-LE-wE -le(x,-x)| +Hw.= 0 e
dt| ° T, T, L Var
E, o L
, | . m
SNSEq—E—‘?—i?(xS—xS) 0w
T, T, "
Where VH = SEJrP E+i (6)
2|qs 2l
0 0 Finaly, the Hamiltonian energy function can be
L v written as
Hwte o [ ] @ nolesle Pl Ry
L Var 25 & zqs) 25 zds)
0 Ly
We 33 Port  Controlled  Hamiltonian  with

dissipation system

3.2 Port Controlled Hamiltonian system In this pat, we give the Port Controlled

Hamiltonian with Dissipation obtained from the

The system (3) be able to rewritten in the PCH PCD. The control law is given asfollows:

form
i i
__ & ___ds
0 2H,  2H, u:{vi}:x +y ={Xﬂ}+{yi} )
S ° ° Vqr er y ar
d| - 1
gl =0 _T_O' —SWV, |VH We design the feedback controller X , which takes
E('j 1 the system satisfy PCH-D form
0 sw, —
TO X = |:Xdr :|
er
0 P P
i N P P WLL(T (X=x)+ 7T (Sz__ﬂ))
+ ls.(XS—XS) M+ o, _ oles (S 9
To 2To|qs 2lds er ( qS(XS XS) Rn —(Wi |dS )S)
—Iq—S,(XS—X'S)Jr Pm — SN i WLm T ZTOICB qu 2Ht<1
0 olds 2

and replace (9) into (5).

The closed loop system will be a PCH system with
dissipation PCH-D system:
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Where,

gs

2H

tot

Ids

tot

o o
Sl o

o
o

gs

2H

tot

Ids

2H

tot

gs

gs g

Ids

" 2H

tot

o O

o_|.| =

" 2H

tot

VH

0 0

WSi 0
L

. Vdr
U=
Vyr

A key step for the success of IDA-PBC
methodology is the suit choice of the desired
interconnexion and damping.

3.4 Thedesired equilibrium state

In this part, the main result of the paper is
presented, namely, the controller expression
The desired equilibrium state

=[x%.%]

A Ln
L

rr

as

T
{s*,(E; +i)*,(E('j +i)* (11)

2 2,
So a control law is designed so that a dynamics of
the closed loop wstem

X=(Jy-R)—=— d() (12)

The main idea of IDA-PBC is to assign to the
closed-loop a desired storage function via the
modification of the interconnection and dissipation
matrices. We use IDA PBC controller synthesis to
compute the control law.

For an application of IDA-PBC, we propose to fix
the dtructure of the desired energy function

Hy () =3[ 04 =X+ 06 = )"+ (- %) ] 43

0 _j12 _j13

Jo—Ri=|ln -1
13

with >0, jj

and damping parameters respectively.

Jy . R, represents respectively the desired

interconnexion and damping matrices.

- j23
|

represents interconnections

(J-R)

|s satisfied, where

8H(x)
r =(Jq F{,)
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Js(¥)=JI(%) + 3,00 =-(3(Q) + I, (x)"

and

R (%) = R(¥) +R,(X) = (R(x) + R,(x))" 20
for the procedure for the controller defining, we fix
the interconnexion and damping matrices as

J;(¥)=J(x,u)  and R;(X)=R(X) ie,
J.(X)=0and R(Xx)=0.

Let X(X) :%(X) = (X,,X,,X;)'  Equation
(14) simplified -[3-R] 5:Xa +gu=0
(15)

Equation (15) can be solved for the controls

g iyt e
% =l +% oH_ +)%2th 0405

. ~ ~ - ~ I
112><1—r2><2—123><3—>32|1i+$+8%><3}(17)

(o} 0

i % r%—j % -x_e %
Ty T(;+SNSXZ}(18)

with g =W Lo
*L

m
Where X* is the desired equilibrium point, and
Ji2s J130 Jo3: 15,13 are design parameters, with
Ml >=0 and jixell ; where X, =%, =0 ,
to find the solution of equation (16),we make a

. |
implificati taki =0 d
simplification ing I 2H,. an
g
hs= :
2Ht0t
Thus, thg controller expression is given as follow:
U iy o e X% oo
Vy =—| =5 X —X——+2+\X [—L% —
o g_2|—|mxl XlZHm T sx3:| %7125
1 e - iy % o
V, =—| —— XX ==+ —%(r,+
r g_2Hle )S.ZHI T Sf\éxz} %5+ )

19
Elements of the reference X* are chosen according
to control objectives.

oH4(x)
OX  xex-

The gradient of H,(X) at X* : =0

and
2

H,
>-(x) -0
X
This ensures global asymptotic stability of X* with
Lyapunov function H 4 (X) .

The Hessian

is positive definite.

4. SIMULATIONS

This section aims to provide a few simulation
results. Thus, we implement a numerical application
of the entire system controlled via the IDA-PBC
controllers. Thus, in order to illustrate the
effectiveness of design result, the computer
simulation was performed to evaluate the
performance of system (3) with parameters of the
wind turbine (WT) with DFIG is given as follow:

Table 1: System Parameters

Para. Value Units

Hiot 3 S

Lm 29 pu

L 0.171 pu

L, 0.156 pu

Rs 0.00706 pu

R 03005 pu
Le=LestLp 3.071 pu
Ly=L+Ln 3.056 pu

The simulation results of the IDA passivity based
control are compared with those of the nonlinear
controller in[14] , which is for the same system
model (3).

The dynamic response curves of three state variables

(S,E;],E(;) under two controllers is given in

Figure.2-4.

From the figures, it is shown that the closed-loop
systems remain stable and the states converge to the
equilibrium point quickly under both of the
controllers. Therefore, both of them are effective for
DFIG-based wind turbine system. However,
according to the convergence time, the nonlinear
control in[14] seemsbe quicker than the IDA PBC
proposed in this paper.
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NAPRE ] IDA PBC
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Figure 2: Rotor slip s s
. IDAPBC Figure 4: d-axisvoltages E,

*== Nenlinear In summary, according to the simulation results

il analysis, we can conclude that the IDA with DFIG

1 which guarantees the stability of wind turbine
. remains better than the nonlinear controller.

5. CONCLUSION

In this paper, we have proposed an IDA
t PBC for DFIG-based wind turbines based on
Hamiltonian energy theory. Firstly, a port-controlled
Hamiltonian (PCH) model is established. The key
______________________________ procedure in using the energy function method is to
' transform the nonlinear system into a port controlled
T T T Hamiltonian system with dissipation (PCH-D).
= 8 - * " Secondly, with the energy shaping theory of
tis interconnection and damping assignment passivity
based control IDA PBC techniques, the feedback
control theory for the system design is given.
Finaly, the equilibrium point of the system is
obtained, and the stability of equilibrium point is
analyzed. The closed-loop system is asymptotically
stable, during the energy-based design energy
function and transformation into the port-controlled
Hamiltonian system. The IDA PBC technique
provides an effective design means compared to the
nonlinear control design.

Figure 3: g-axis voltages Eq
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