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1. INTRODUCTION

Passive-based control (PBC) has become a research tool for nonlinear control, mainly because of its
ease of application to physical systems (mechanical, electrical, and electromechanical) [1], [2]. In recent
years, assignment-passivity-based interconnection and control (SIDA-PBC) has been developed as a flexible
and general nonlinear system controller design method, and introduced tools that affect interconnection and
internal energy loss considerations [2]. This approach enables a robust controller with a clear physical
interpretation of the system's connection to its environment [3]-[6]. In particular, the total energy of the
closed loop is the difference between the system energy and the energy provided by the controller [7]-[10].
Furthermore, power generation is an interesting research area for nonlinear control. They are especially used
by doubly fed induction generator (DFIG).

This research analyzes the use of SIDA-PBC as a method to control the power provided by this
entrainement. The result is a new approach to designing controllers for these workouts, focusing on energy
characteristics such as balance and fitness to achieve desired goals. Therefore, a power controller was
obtained from the new scheme and simulated using the DFIG model in the MATLAB Simulink environment.
To apply the SIDA-PBC method to generator induction, a connection control Hamiltonian (PCH) model is
derived for the entire electromechanical system [2], [11]. The SIDA-PBC controller decouples the input of
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the induction generator, exploiting the internal characteristics of the system to achieve the desired goal
without intermediate steps [12]-[15].

2. DFIG: PCH MODELISATION WITH SIDA-PBC
2.1. Machine modelisation
Willingly, the PARK coordinate system linked to the rotating field of the DFIG is written as (1) [16].
Vs =R Ids+%—wsq>qs
Vos = Rslgs + L0 4 Dy,

Var = Rylgr + j — W)y 1)
danr

Var = Relgr +—1

]; = M(Idr qs — Idslqr) -G - Cf

+ (ws — W) Dy

and flux equations can be written as (2).

g5 = Vas—Rslas + wsLslys + wsMlg,
chs = V;zs_Rslqs — wsLslys — wsMlg,

: 2
@y = Vyr—Rplgr + (w5 — w)LrIqr + (ws — w)MIqs ( )
q.)qr =Vor—Rylgr — (w5 — @)Ly lgr — (05 — @)MI g,
where:
&5 = V=R LI — wsLs]y1s — wsM]L 1 (3)
&, = V=R, LI, — (w5 — ©)M],1I5 — (w5 — w)LyJo 1y 4)
and,
]DFIG at LerT]Z G —CGw (%)
O] (O] I I —
with: d, = ds] D, = [ dr] I, = [ ds] I = dr] I, = 0 01]

The state variables are:

X = [(Ds s JDFIG‘U] xe:xm]T

with: xI = [d)ST, cDrT] . Xm = Jpricw . are the electrical and Mechanical state variables respectively. The
passive energy equation as in (6).

_ 1,

H(x) = —xe TL %, + o Xm (6)
Ll MI
With: L = [MIZ Lrlz]

For the previous equation, the derivatives of electrical and mechanical state variables as in (7).

OH _ OH _
— =[x, — =L, =1=[II"
0xe 0xe
= (7
oH _ .4 oH _ .4 _
o JoFicXm P JoFigXm = @

Lastly, the matrices control written as:

—wsLg/, —wsMJ, 02x1 Rsly 03¢z 0zxq
J(x) = |—wslsJ, —(ws — w)Lgf, MJL |, R(x) = |02x2 Rrlz  02x1
01x2 MITJ, 0 O1x2 Oix2 Gy
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I;  Oxz 0O2x1
gx) = (022 L Opafu=[V" ¥ TJ"
012 O1x2 1

With: 0. = [ o] 021 =[] 01z = [0 01,760 =J @™ R = RE)T = 0

Conclusively, the mathematical control is:

—wsLg/, —wsMJ, 02x1 Rgl;  O2xz  Ozxq
X = _wSMJZ _(a)s_w)szz M]ZIS —|02x2 Rylz 021 ||VH
052 MIT], 0 | [Oixe Oz T¢
I 0252 02517V
+ (0202 L Ole] ur
O1x2 O1x2 1

=<
L

I;  Oxz 023
VH

= |02x2 I, 02x1
O1x2  O1x2 1

<.
|

2.2. SIDA-PBC methode
The energy equation as in (8) [3], [12], [17]-[22].

Hy(x) = %XTPdic, P,=PT >0 (8)

SIDA-PBC methode is solving F,(x) and countering F,(x) + FI < 0.

VS OZXZ
U(Is' a)) - R]aH + 02><1 + 12 V;« = Fd(X)Pdf (9)
Cem 01><2

To simplify the solution, we offer P; diagonal.

PS 02)(2 O2><1
02><2 Pr O2><1
01)(2 01><2 Pw

Fii(x) Fia(x) 03
>0, Fi(x) =|F1(x) Fpx) F(x)
Fii(x) F(x) Fi(x)

Pd:

Where: F;(x) is suit Py.
By the (9) and the equilibria (7), we have:

_(wSLSIZ + Rslz)is - wsszzir = (LsFllps + MFlZPT)is + (MFllps + LrF12Pr)ir (10)
For everything I, I,., there is a unique solution given by:
1 Ly
Fi, = T (wsfz + IRslz) (11)

M
Fip, = aRsIZ (12)

With: g = LL, — M?2 > 0

The calcul of F;, of J;(x) is possible set to zero.

The choice of F5,(x) be easy by having this precedent term equal to zero. Of course, it appears in
Fy(x) + FF(x), and F;,(x) is not critical because his contribution to the F,;(x) + FJ (x) perhaps centered by
an appropriate choice of F,;(x) that given the presence of the command [22]-[24].

[Fi(0)P F(OPRILT + Fas(OPuJoric® = MI{ o1 — Crw = M[-LT], I7],]T— C;& (13)
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From the term @ we obtain:
—__ %
Fas = PyJDFIG (14)
While the remaining equations can be arranged in ways:
P,F3,(x) M
L [FsFa ]_M[Zr)zo 15
( P F,(x) ~J1s (15)
oo [LsJla M
With: L = MI, Lrlz]
By adding to (10) a vector G (x) € R*
o (+ [PsFsq (%) J,L:
T(L] s 3t ]—M[”]—G )=0 16
' ( PF35(x) —J21s @) (16)
or:i'.G(x)=0
and fixing the front of (16)=0 we have:
[RcF31(x) _ ﬂ[ LyJoIr + M, I ] + [Gc(x) (17)
PF3(x)]  wl=Leols = Mo ] 1Gp (%)
and by introducing the therm:
Gc(x)] -1
=L"1G(x 18
o) () (18)

With:

Ge(x), Gp(x) € R?

As mentioned above, in order to satisfy the antisymmetry condition, it is necessary to find a solution

with F3, (x) = cst, which can be easily achieved by choosing [16], [23]-[25].

2
Ge(x) = =11

With this equation, we result:

M2?L,

G = y
_;]215+LrGD

JoIs + MGp

and, in order to ensure i" G (x) = 0 , we fix:

2
Gp() = =",
Lastely, by replacing (19) and (21) in (17) we have:
M * * M *
F31 = a]z(MIs + Lrlr) = a]z‘br

M

M
F3; = _HIZ(LSIS + ML) = _a

J2®s

(19)

(20)

(21)

(22)

(23)

In the next step, the item F,;(x), is selected, which is directly affected by the control measure [16], [24]-[26].

To satisfy the symmetry constraints of J;, and simplify the state, we choose:

Ky
Fyy = —Fip, Fo3(x) = —F35(x) , Fpp = _Elz <0.
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With:
2LyRs M "
T Th I, 02x2 a]zq)r
kr
Fu(x)+ FF(x) =| O2x2 _p_rlz 02%1 (24)
_M p 0 _ 2Cr
Psu T 1x2 PwJDFIG

Analysis to determine this is easy to complete F,(x) + FI (x) < 0 if and only if the parameters P, and P,
satisfied:

]DFIGIM2
P> (2 |oz? | P
) <4chrRsu' i) e,

The equations of tensions of the DFIG in closed loop is written as:
Vo =R, + (ws - (‘))IZ(M[S + Lr[r) - Ks(Lsis + Mir) - Kr(Lrir + Mis) + Kw]zcbsa; (25)
With:

PoJpricM m?
K, >0,K,=————>0et K, > ——|D}|? K,
T 3] Pu et s 4CfLrLr.U| 1 Ko

The global system control diagram is shown in Figure 1:

T

— [ L
RSC - :
F P Blok Qs
L orc » i Mesurement

SIDA-PBC Control
ore of Pawer
s

Figure 1. SIDA-PBC control scheme

3. DISCUSS THE RESULTS

Using the MATLAB environment simulation and with the parameters of the doubly fed induction
generator (DFIG) mentioned in Table 1 in the appendix; we therefore obtained in Figure 2 the tests results of
the track and regulation for the SIDA-PBC control. Figure 3 presents the results of the robustness tests,
Figure 3(a) results of 30% variation of inductance and Figure 3(b) results of 30% variation of resistance.

Table 1. DFIG parameters [2]

Parameter Value
nominal power 100 Kw
Stator resistance 04Q
Rotor resistance 01Q
Stator inductance 0.07H
Rotor inductance 0.02H
Mutual inductance 0.03H
Moment of inercia 0.5 Kg.m?
coefficient of friction  0.002 N.m.s/rad
number of pole pairs 2
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Figure 2. Tests results of the track and regulation
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Figure 3. Robustness tests (a) results of 30% variation in inductance and (b) results of 30% change in
resistance

4.,  CONSULTATION

Evaluation of power controller performance by nonlinear control of the generator performance by
the controller based on switching and damping (SIDA-PBC) considerations. We ran a series of
MATLAB/Simulink simulations. In a tracking test, the controlled variable successfully follows the target
path without exceeding the active and reactive powers and without steady-state static errors. The 3-phase
stator current draw is low at the start and sinusoidal at steady state. The rotor current frequency is 17.5 Hz
thanks to a good choice of PWM control strategy in the inverter. Proportional electromagnetic torque and
active power have the same appearance at constant speed.

In simulations tests, we notice very good sensitivity to disturbances caused by abrupt setpoint
changes from -20 KW to -80 KW, active and reactive powers are unaffected. The three-phase rotor current is
sinusoidal. Electromagnetic torque and active power output are not affected. Robustness tests show that a
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+50% variation in resistance (Rs, Rr) and +30% in inductance (Ls, Lr) has very little effect on response time
and osciations amplitudes.

5. CONCLUSION

The presented research focuses on active and reactive powers advanced control of a doubly fed
induction generator by a new structure of passivity. Robustness results show a very good sensitivity. Active
and reactive powers always stay within tolerance for disturbances this means that the variation of the
parameters (resistances and inductances rotorique and statorique) little impact on response time. It has been
shown that very good results can be obtained thanks to the UPS sine-triangle PWM control strategy.
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