Theorem 1: Consider the class of systems defined
by (14}, Assume that the system is zero-state detectable
and that the generalized Hamiltonian has o sivict local
minimurm. Then ot follows that ©* is « Lyapunou stable
equilibrium point of the unforced dynamics. Moreover,
the following output feedback

SHT

u=—Fy —FgT(z) (16)

renders the equilibrivm poing asymptoti.cally stable,
5. Application to a multi-machine power system

& three-machine power system is now introduced to
demonstrate the effectiveness of the continuous sliding
mode controller. In this system, generator 3 is consid-
ered as an infinite bus, then generator 3 is used as the
reference, 4. e (E; = const = L{O")

The system has the following state-space represen-
tation

T = 112, T = T3 (17)

512 = [ Dyxyg 4wy (P, — Py

;:22 = '-'_ [—.Dzﬂ)zz +uwy (Pma - ezH

. 1

Ty = (Bf, — By ), 323 = 2 (B — Egp)
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where #13 = 81, 21 = &g, T1o = wy, Zpp = Wy, Tz =
Eals Iy = E;.z

5.1 Sliding-mode control design

In this paper we introduce two continuous sliding
mode controllers corresponding to two particular choices
of the sliding surface:

Stiding-Mode Conirol 1

We consider the following nonlinear switching sur-
face defined by

o(z,2%) = (0, (z,2"),0,(z,2"))" =0
where
o (2,2} = iy (za ~ 27) + sz —
fori = 1,2 and af = {xfy, 2%, x%), for i = 1,2, is an

equilibrium point of system (17).
Then, the equivalent condrol is given by
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On the other hand, the control uy; is selected as

wn, = O] Liosle, )

— __{’i sidZa — i) + siplwmig — 2f)
53 +8i3(Ti3 — 35)

Stiding-Mode Conirol £
Now, let us consider the following nonlinear switch-
ing surface given by

- L 1]
o(r,2%) = s; % + 8i0Fi + 83Ty

where £ =2y ~ 2],
This is equivalent to

o (z,2") 8532 — 25) + sinin
—a;zis+ b — T
o | S .
E 23'33,'3' Slll(&g]_ - z‘_,‘l)
j=1
where
der: n=3
—--—'-g,(:z:) = —8ia0; nggB,J sin(ziy ~ 47)
=1
for all x; € B,,.
Remarks:

1. The coefficients s;;, 7 = 1,2,3 of sliding mode
controller 1 must be chosen m order Assumption
1 is werified.

2. We can notice that the sliding surface of con-
troller 2 differs from the surface of controller 1 by

L1l
only one term: &;3—%;; is replaced by ;. In this
case, when the s;; are some positive constants,
the sliding surfaces can be viewed as some sta-
ble second-order ordinary differential equations
in the power angle &;, ensuring convergence of the
power angles to their equilibrium values, when
the system trajectory remains on the sliding sur-

face.

3. Furthermore the equivalent control », can be
viewed as an output linearizing controller render-
ing the system dynamics equivalent to the linear
dynamics

...
g, Sz, x*) = s,1$,1+s.21:,1 tsg =0

The relaiive degree of each output (power angle)
is equal to 3, thus the system has no zero dy-
namics In this case. Furthermore, stability ean
be stated by using stability analysis arguments
{L-asalle theorem (¥Khalil, 1996}] apart from Lya-
punov function candidate V(z - z*) = Lo7(x ~
oz — ).



