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Abstract Using an energy-based Hamiltonian function
method, this paper investigates the robust excitation
control of multi-machine multi-load power systems
described by a set of uncertain differential algebraic
equations. First, we complete the dissipative Hamiltonian
realization of the power system and adjust its operating
point by the means of pre-feedback control. Then, based on
the obtained Hamiltonian realization, we discuss the robust
excitation control of the power system and put forward an
H_, excitation control strategy. Simulation results demon-
strate the effectiveness of the control scheme.

Keywords nonlinear differential algebraic systems,
multi-machine multi-load power systems, dissipative
Hamiltonian realization, robust excitation control

1 Introduction

By nature, power systems are continually experiencing
disturbances, such as short-circuits caused by lighting or
other fault conditions, changes of network parameters,
mechanical oscillations, et al. Recent trends toward the full
utilization of existing generation and transmission systems
have increased the effects of these disturbances on the
stability of power systems. To improve the stability of
power systems under disturbances, many nonlinear control
techniques were used to design robust excitation con-
trollers [1-4]. However, most of these methods were based
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on the feedback linearization techniques, i.e., they
transformed the system under consideration to a feedback
equivalent linear system by canceling the inherent
nonlinearities of the system. Therefore, the internal
structure properties of the power systems cannot be
effectively used during the controller design.

Recently, the Hamiltonian function method has drawn a
considerable attention and achieved great success in the
performance enhancement control of power systems [5—
11]. Different from the linearization-based approaches,
Hamiltonian function method employs an energy-based
design principle and constructs the feedback controllers by
extensively using the internal structural properties of
power systems. Furthermore, the controller designed by
this method is relatively simple in form. Unfortunately,
most of the power system models adopted in the energy-
based excitation control were the classical power system
model, which were obtained from the differential algebraic
system model under constant impedance load assumption
[12]. This will put stringent limitation on the control
performance because almost all the real loads are non-
linear.

It is known that the key procedure of the Hamiltonian
function method is to draw an equivalent representation of
the system under consideration as a dissipative Hamilto-
nian system, which can be viewed as open systems
interacting with external environments through port power
conjugated variables and satisfy the energy balance
equation [13,14]. For the differential algebraic system
model of power systems, the algebraic equations, or the
power flow equations, describe the internal energy balance
in the systems. Therefore, the introduction of algebraic
equations will not influence the energy balance between
the system and external world. Motivated by this intuition,
Liu et al. proposed a dissipative Hamiltonian realization
for nonlinear differential algebraic system and gave some
results on the stabilization and robust controller design
[15] and proposed an excitation controller for multi-
machine multi-load power systems [16].

In the paper, we investigate the H,, robust control of
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multi-machine multi-load power systems described by
uncertain nonlinear differential algebraic equations. First,
we transform the considered power system to its
dissipative Hamiltonian system formulation and adjust its
operating point by the means of pre-feedback control.
Then, we construct a robust excitation controller for the
power system and analyze the stability of the closed-loop
system. The proposed control scheme can extensively
utilize the internal structural properties, especially the
internal energy balance of the differential algebraic power
system. Simulation on a six-machine eight-load power
system shows the effectiveness of the proposed controller.
Different from that in Ref. [16], this paper concentrates on
the H,, control of multi-machine multi-load power systems
by the means of Hamiltonian function method and put
forward a decentralized robust excitation controller.

The rest of the paper is organized as follows. In Sect. 2,
we propose the dynamic model of multi-machine multi-
load power systems with external disturbances and get its
Hamiltonian realization. Section 3 considers the H_,
control of the power systems and constructs an excitation
control strategy. In Sect. 4, we simulate a power system to
illustrate the effectiveness of the proposed control scheme.
Section 5 summarizes the results and draws the conclusion.

2 Dissipative Hamiltonian realization of
multi-machine multi-load power systems

2.1 Dynamics of multi-machine multi-load power systems

Consider an n+m+ 1 bus power system suffered to
external disturbances. The network composes of n
machines and m loads connected by lossless transmission
lines. Let n + 1 be the reference node. Suppose that all the
load buses are PQ buses, that is, each load corresponds to a
constant active P, and reactive Q; demand. The dynamic
model of the power system includes the dynamics of the
generators and the constraints of power flows at their
terminal buses and the load buses [12]:

1) The dynamics of the ith generator (i=1,2,...,n) is
given as follows:
51' = wo(wii 1)’
; 1 1
w; = *Mi( i—1) +E(Pmﬁpei) +Mdils
., 1 Eqyi 1 1
Ey; = 7—,Eqi+£+—/di2a M
T o Tioi  Thoi
P eqlql ( xéi)lqildia
Eqi = Eqi - (xdi_xa,ﬁ)ldi,

where J; and w; are the power angle and rotor speed of the
ith generator with wo = 2mtfo; E,; (Eg;) is the g-axis internal
(transient) voltage of the ith generator; x,; (x4;) is the g-axis

(d-axis) reactance of the ith generator, while x); is the
corresponding d-axis transient reactance. The generator
parameters M; is the inertia coefficient, D, is the damping
constant, and T, is the d-axis transient open-circuit time
constant. P,,; is the mechanical power, assumed to be
constant, and P,; is the active electrical power. I,; and 1
are the terminal bus currents of the ith generator. The
control input Ey; represents the voltage of the field circuit
of the ith generator. d;; and d;, represent the external
mechanical power disturbance and the electro-magnetic
disturbance in the excitation circuit, respectively.

In many circumstances, one can ignore the salient pole
effects, i.e., x,; = x};. Let Ve = (Vi +jVy)e% are the
terminal bus voltage magnitude and phase angle of the ith
generator, in which V,; = Ej; +x;ly; and Vg = —x,ly;
are the g-axis and d-axis terminal bus voltage amplitudes
of the ith generator, we can simplify the generator
dynamics as follows:

5; = wo(w;—1),
. D; 1 1
w; = 7%(0)1'71) +M(Pmifpei) +ﬁidila (2)
. 1 Eyi 1
E . = __’E i +—,d‘2,
“ TdOi “ Ta’Oi TdOi l

with

1 .
P, = —,Eéi Visin(6;—0;),
Xai

Xgi Xgi—Xy;

qu' - —IE(;I_ ! di I/iCOS (51_91>
! ’

Xai Xai

2) The terminal bus i=1,2,...
satisfies the power flow equations:

0= PTi(éiEq,70’ V7(p)

,n of the generators

1 n+1
—E,,; V;sin(0; —0;) Z BV, V;sin(6,—0;)

dl J=1,#i
n+m+1

+ Y ByVVisin(6;— ;) 3)
k=n+2

0= QTi(éaEéaea V’(ﬂ)
1 2 1 ’ 2
= Vi ——EyVicos(0;—0;)—B;V;

Xai Xai
n+1

~ > ByVVjcos(6;~0))

J=lj#i

n+m-+1

— > BuVVicos(8;—y). )
k=n+2
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3) All the load buses k=n+2n+3,....n+m—+1
satisfy the power flow equations as follows:

0= —Py + P(0,E;.0,V )

n+1

= Py + ZBkinViSin((ok_ei)
-1

n+m+1

+ Z BuViVisin(r— 1), ®)
I=nt2,]#k

0= —Qu + Ou(0,E;.0.V,0)

n+1

= —Qu—BuVi— Y _ BuViVicos(p;—6))
i=1

n+m+1

- Z By ViVicos(px — 1), (6)
I=n+2,]#k

where V) and ¢, are the voltage magnitude and voltage
phase angle of the kth load bus, respectively. Bj; is the
susceptance of the linear transmission line connecting bus i
and j.

Equations (2)—(6) constitute the dynamic model of the
multi-machine multi-load power system. Choose the state
variables x = (x] x1,...x7)" with x; = ((5[,a),»,E(}l«)T, and
algebraic variables z = (z3),....20,.2 25 Zlpimi1) With
Zgi = (6;,0,)" and zj; = (¢;,v)", where v;=InV;, v,=InV,.
Denote the control parameters by u = (uy,us,...,u,)" with
u;= Eg; and the external disturbance input variables by
d = (dy,d,....d,)" with d; = (d;,dp)". Then, the model of
multi-machine multi-load power system can be compactly
expressed as the following nonlinear differential algebraic
system with disturbances:

{)'c =f(xz) +g(x2)u+ g(xz)d,
0 = o(x,2),

™)

where the smooth vector functions in the dynamical

equations / = [T/,...£;]]", g = diag(g1.8,--.,)> and &
= diag(g,,8,..-.&,) are

wy(w;—1)
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0 0
1
&= °
0 1
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The functions in the algebraic equations are o = [o7],...,
UZ,ULzr--,ULmH]T with 0; = [PTinTi]T and o} =[Py +
Pr—O0u+0ul" (i=12,..m, k=n+2n+3,..n+
m+1).

To avoid the generation of impulses in the solution of the
power system, we assume that system (7) is of index one in
the neighborhood Q of the desired equilibrium point (x,,
do(x,

aéx ?) 2(n+m), V(x,z) € Q. The
4

assumption can be easily met because it is only invalid in
the so-called impasse surface where the equilibrium point
of the system is normally unlikely to reside [17].

z,), i.e., rank (roz) =

2.2 Hamiltonian realization of multi-machine multi-load
power systems

This subsection considers the dissipative Hamiltonian
realization of the multi-machine multi-load power system.
First, we have the following definition for the dissipative
Hamiltonian realization of nonlinear differential algebraic
systems [15]:

Definition 1 Consider the following nonlinear differen-
tial algebraic system:

{x — f(x2) +gle)u,

0 = o(x,2),

®)

where x € R", z € R®, and u € R™ represent the system
state variables, the algebraic variables, and the control
parameters, respectively. f{-), g(+), and o(-) are sufficiently
smooth vector functions with proper dimensions. Suppose
there exists a continuous differentiable function H(x,z)
such that the nonlinear differential algebraic system (8) can
be represented as

{ i= (J(x,z) fR(x,z)) V.H (x,2) + g(x.2)u,
0=V_,H(xz),

©)

where V H (x,z) and V_H (x,z) are gradient vectors of H(x,
z) with respect to x and z, respectively. If, pointwisely, J(x,
z) is skew-symmetric and R(x,z) is positive semi-definite,
Eq. (9) is called a dissipative Hamiltonian realization of
nonlinear differential algebraic system (8), and H(x,z) is
the corresponding Hamiltonian function.

Noting that the Hamiltonian function generally indicates
the total energy stored in the system, we can choose the
widely used energy function in power system analysis
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as a Hamiltonian function candidate and select matrix
R(x,z) and J(x,z) such that the matrix equation (J(x,z)—
R(x,2))V,H(x,z) = f(x,z) and V.H(x,z) = o(x,z) satisfy.
For the multi-machine multi-load power system, choose
the Hamiltonian function as follows:

_ n 1
H(G.E0.V.9) = Y _sMwo(w—1)* + PO.ELOV ),
i=1

(10)

no 1 . .
where Zi:l EM,-a)o(a)i —1)? is the energy, and P(+) is the

potential energy with the form of

P(8,E},0,V )

n n+m+1
== E P01~ Z (Pyo; + Oapv;)
i=1 k=n+2
n ; n 2
B Z (}ieu cos(6;—0;) _ E(}ixdi
! ! !
i=1 Xai = 2 (xai —x ;)

n 621), 1 n+1
+D 5 (x_'Bii> =Y Bje"eos(6;~))

i=1 di i<j
n+1 n+m+1 n+m-+1 1
- Z Z Bye" " cos(6;— p;) - Z EBkkezuk
i=1 k=n+2 k=n+2
n+m+1
— Y Bue"cos(pr— 1) (1n
k<l
Direct calculation shows that
_Pmi +pei
— M;wy(w;—1
VXZ‘H — 1 0( 1 ) ,
1
’ E‘Ii
Xdi — X gi
_ Py
V.H=| |,
Ori

V. H =
— O + Ok
Therefore, the equation V_H(x,z) = o(x,z) satisfies.

Furthermore, choose matrix J=diag(J,,/,...,J,), R=
diag(R,R5,...,R,) with

1 0 0 0
0 3 O D,

= 1y olR=1" w0 |2
é\li 0 0 Xdi xc,li

We can verify that the power system (3)~(6) can be
expressed as

{)'c =(J-R)V.H +gu+gd,

_ (13)
0=V.H.

Obviously, J is skew symmetric as well as J;’s and R=0 as
well as R;’s. Therefore, Eq. (13) is a dissipative
Hamiltonian realization of the multi-machine multi-load
power system.

Generally, the Hamiltonian function does not possess a
strict minimum at the desired equilibrium point. Thus,
before the end of this section, let us discuss the operating
point adjustment of the system. Generally, we need to
insert a predetermined excitation voltage Ey; to operate
the power system at the desired equilibrium point (x,,z.),
which was determined by

0= w()(wiil):
D, 1
0= ——""(w;—1) + (P —P.;
@D PP
0 ! E,;+ ! E
= ——E,;+—ZEu.
Tii " Tior 7
From above equation, we have
Xgi ., Xg—X}
Edei = *—/leqe* l ; d Viecos (55 *eie)a (15)

di Xai

where (V;,0;.) is implicitly determined by the algebraic
Egs. (3)(6) and generator dynamic variables (J;,,1,E;).
Therefore, in order to operate the power system at the
desired equilibrium point, the following pre-feedback

control

Uu; = v; + E/dOia i= 1,2,...,71, (16)

is needed, where v; is the new reference input.
For the power system with the pre-feedback controller
(16), we define a new Hamiltonian function as

H(0,E4.0,V )

— H(S,E,0,V.0)~
i=1

EgiEpor (17

Xdi =X g
The gradient of H(-) becomes
7Pmi + Pei

V. H = M;wg(w; 1) ,

1
(Egi—Epor)

Xgi =X g
Pr;
2
Ori

v - [
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— Py + Py
— O + Ol

Therefore, the nonlinear differential algebraic power
system under the pre-feedback control can be expressed as

x=(-R)V.H +gv+gd,
0=V_H,

V. H =

(18)

where the matrix R and J are same as Eq. (12). Obviously,
Eq. (18) is also a dissipative Hamiltonian realization.

Remark 1 From the dissipative Hamiltonian realization
of the power system, we can see that the equilibrium point
of the system is adjustable with the selection of the
constant reference input Ey,, that is, for a predetermined
equilibrium point, we can insert a constant reference input
to adjust the system equilibrium point. Conversely, if
Eno: (i=1,2,...,n) is selected in advance, they determine an
equilibrium point.

3 H_ Excitation control of multi-machine
multi-load power systems

Now, consider the H, control of multi-machine multi-load
power system suffered to external disturbances, that is, for
the given y > 0 and the penalty variable #, we will seek a
state feedback control law u = a(x,z), a(0,0)=0 such that
the L, gain from the disturbance d to the estimation
variable # is no more than y, and the closed-loop system in
absence of disturbances is asymptotically stable.

Before giving the main result of the paper, we have the
following results for the L, gain analysis of uncertain
nonlinear differential algebraic systems, which are a direct
extension of the result of L, gain analysis for nonlinear
systems and is useful in the robust excitation control
design of multi-machine multi-load power systems:

Lemma 1 Consider the following nonlinear differential
algebraic system with external disturbances:

§ = f(02) +gl2)d,
0 =o(xz),

n=hxz),

(19)

where d and # are the disturbance and estimation signal,
respectively. Let V(x,z) be a nonnegative definite differ-
entiable function and satisfies V(x.z.)=0, V.V (x;z) =
o(x,z). For the given y > 0, if the following Hamiltonian-
Jacobi inequality holds:

VIV (x2)f () + ziyzvl V(x2)g(x2)g" (x.2)

+ % h" (x,2)h(x,z) <0, (20)

the L, gain of system (19) is no more than y.

Generally, it is difficult to find a robust controller for
uncertain nonlinear differential algebraic system. How-
ever, the problem can be solved conveniently if the system
can be transformed to its Hamiltonian realization formula-
tion. For the considered multi-machine multi-load power
system, based on its dissipative Hamiltonian realization,
we have the following result for the robust excitation
control.

Theorem 1 For the given y > 0 and the penalty signal
T
n= - ;
Xdi =X g
Xgi Xgi—X); Eoi
; dl, Eq/l + d, ,dl I/,'COS<5[—0,') +ﬂ N
Xai T doi Xai T doi T o
@1

where r=diag(ry,7,,...,7,). If the following inequality
holds:

k
=y = max
=
r=7 1<i<n

— 22
o 22)

an H_, excitation controller of the multi-machine multi-
load power system can be constructed as follows:

1 1
u; = Edei_§<ri2 + yj)ngvx,-H

Eqor + = <2+ 1)
= Lpgoi T 5\ i T
8 2T jo; bl

1

Xgi —Xg;

Vicos(6;—0;) + Epoi |- (23)

! ’

x .
X |:dlE(;l' +
di di

Proof Note that the penalty signal (21) presents the
error between the excitation signal and its referee signal
and thus has a significant physical meaning. Furthermore,
it is easy to verify that the penalty signal can be rewritten in
the form of

ni=rigi ViH. (24)

Therefore, the closed-loop system under the controller (23)
can be expressed as

1 1
X = [JREg <rTr + —21,,,>gT] V.H + gd,
14
0=V.H,
n=rg' V.M,

25

where » = diag(ry,r2,...,")-
Obviously, the closed-loop system is also a dissipative
Hamiltonian differential algebraic system in presence of
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disturbances, and Eq. (23) will be a desired H,, robust
excitation controller if the following properties hold for the
closed-loop system:

1) The Hamiltonian function H(-) achieves a local strict
minimum at the desired equilibrium point.

2) The closed-loop system in absence of disturbances is
asymptotically stable.

3) The L, gain of the closed-loop system is no more
than y.

For condition 1), it has been verified in Ref. [16]. We
include it here for the completeness. Noting that the
potential energy stored in a lossless transmission line is
equal to half of the reactive power loss in the line [12], we
can rewrite the Hamiltonian function (17) as follows:

n 1 n n+m+1
:Z EMQJO(COZ —ZPmi5i— Z Pyp;
=1 i=1 Jj=n+2
11%1 i 821),
- Qv+ 2 5
=2 = 2x;,
ViEgicos(6;—0;)

*Z

xdt

+ZByl v

i<j

~ViVicos(8;,—0; )]

"’ZanH { VCOSQ:|

n n+m+1 2
Vi+V,
YN s, [— V,-chosw,-—gok)}

=1 k=n+2 2
n+m+1
+ Z Byt [ - VkCOSW]
k=n+2
n+m+1
Ve + 1V}
+ Z By [kz = ViVicos(gr— 501)}
k<l
I xdiEéiz _ EéiEdei
= | 2x0 (Yai—Xg)  Xai— Xy,
(26)
It is easy to verify that
H,(x,z) + c<H(xz) <Hg(xz) +c, 27
where
" n+m-+1
H,(xz) = ZEM% ZP,,”(S > Pyg

i=1 Jj=n+2
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n+m+1

- Q@@*‘EZ

Jj=n+2 i<y

"1
+ ;EBi,n+l(V

n n+m+l

IDSE.

llkn+2

Bu(Vi- 1)

n+m—+1

+ kz 5B, w1 (V= 1)
n+2

n+m+1

+ Z EBkl(Vk -7)?

k<l

n 1
—(V
2l

n
1 2
+ D s~ (Egi—Euoi)s
;dez'*xdi) o

n
1
v2) =3 (o
i=1

(28)

n+m+1

Z Pyip;

Jj=n+2

n
7ZPmi5i7
i=1

n+m+1

- Z Qd1/+z

Jj=n+2 i<y

"1
+D B (Vi 1)

i=1

V+V

n  n+m+l1 5
D D SBalVi+ Vi)
i=1 k=n+2

n+m+1 1

+ Z 2Bkn+1(Vk 1)

k=n+2

n+m+1

+ ; EBkl(Vk + V1)2

+Z

(V;+ Ey)”

n 1 )
Y (B B "
i=1 Z(Xdi _xéh_) ( qr fd()l) ( )

n+m+1

" 1 Ej%doi
7Z§Bi,n+l Z Bkn+l 22
i=1

Y RERTEY (30)
k= n+2 = (xai— xdi)

Because d; € [—n,n] and ¢, € [-n,1], H,(x,z) is bounded
from below. From Eq. (27), the Hamiltonian function
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H(x,z) is also bounded from below, and for /> 0, the set
{(x,z)|H (x,z) <I} is compact. Noticing that every equili-
brium point of the power system is also an extremum point
of H(x,z), and for a real power system, there exists only one
desired operating point in the interested region, we can
know that H(x,z) has a strict local minimum at the desired
operating point (x,,z,).

For the property 2), choose the Lyapunov function V(x,
z) = H(x,z)— H(x,,z.), then the derivative of H(x,z) along
the trajectories of closed-loop system (25) in absence of
disturbances is

n

V==Y {Dt[Miwo(wil)}z

i=1

T2 =X 1 1
i foosi (1)
(Xai *xdi) T jo; T i Vi

X(—Eg + E/dOi)z}

_l’_

<0.

G

The trajectory of the closed-loop system (25) converges
to the largest invariant set contained in

S={(xz): V(xz) =0, o(xz) =0}
= {(X,Z) RS 1’ Pmi = Pei’ 7Eqi +Ejﬁz’Oi = 0’
o(x,z) =0, i=12,..,n}. (32)

It is obvious that S contains no trajectories other than the
desired equilibrium point. According to the LaSalle’s
invariance principle of nonlinear differential algebraic
systems, the closed-loop system is asymptotically stable.

As to condition 3), according to Lemma 1, we need to
verify that inequality (20) holds. Note that for the closed-
loop system (25), the inequality (20) is actually

1
T

-V,H|R+ =
Vx(+2

1
ngrgT + —2ggT> V.H
2y
VTHggTV H+ VTngTrgTV H

)} V.H.
It is easy to verify that
-&g')

1
R+ F (ggT

= diag(Rl,Rz,...,Rn)

+ 2—y2dlag (2181 —8181.8282 — 8287 -8nGn —En ) -

The main diagonal blocks in the above matrix is

0 0 0
1 . T D; 1
R; +ﬁ(gigi *gigi) = Ml? 2y2M2
0 0 Xi — X
Tjoi
1

we can know that

Because y > y ma

1<i<n \/2D;’
| ) 1 _
Rit5(eiel ~&l) >0 and R+-5(es"~gg")>0.

so the L, gain of the closed-loop system is no more
than y.

Remark 2 The realization of the control scheme (23)
mainly depends on the realization of Ego;, Ey, and
Vicos(0;—0;). Epo; is predetermined by the desired
operating point and set in advance. Noting that for each

1 . V;
x—,Eq,l'Sln (517 91) al’ld Qei — -
: di di

—E;;Vicos(6;—0;), E;; and V;cos (J;—0;) can be realized

dl

by the measurable variables P,,, O,;, and V;. Furthermore,

the measurement errors can be regarded as equivalent
external disturbances, so the proposed control scheme
can work well if some of the measurements are not so
accurate.

generator, we have P,; =

4 Simulation

A six-machine eight-load power system [18], as shown in
Fig. 1, is chosen as an example to demonstrate the
effectiveness of the proposed control strategy, where No. 6
machine is a synchronous condenser, and No. 1 generator
represents an equivalent large power system, which is used
as the reference here. The simulation is completed by the
PSASP package, which is a professional testing system for
power systems designed by the China Electrical Power
Research Institute, Beijing, China.

We made comparisons among the following control
configurations to show the difference of the effectiveness
of control strategies:

Case 1 Generators No. 2-5 are equipped with the
conventional nonlinear robust excitation controller
(CNREC) [18].

Case 2 Generators No. 2—5 are equipped with H
nonlinear excitation controller (HNEC) proposed in the
paper with »,=0.5,i=1,2,3,4 and y=2.2.

In the simulation, a three-phase temporary short-circuit
fault is assumed to occur at the middle site of the
transmission line between buses 11 and 12 during the time
period 0.1-0.3 s, and a 5% load perturbation occurs at the
same time. The simulation results are shown in Figs. 25,
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12 13_ 1
S I
15 oot
xgg—|10 = = 6
8
14 16
9 | | | L
=
A -
2
22 21 19 |8
AJ AL VAL
3 4 5

Fig. 1 Network structure

where Figs. 2 and 3 are the responses of the rotor angles
under the above two control configurations (d;; = d;— 01, i =
2,3,4,5), Figs. 4 and 5 are the voltage responses of bus 11
and bus 18, respectively.

From above figures, it can be seen that the proposed H,
excitation control scheme is more effective to improve the
transient stability and dynamic performance of the power
systems.

5 Conclusion

The robust excitation control of multi-machine multi-load
power systems is investigated based on a generalized

100
—

! 21
31

60
40

20

—~

0

rotor angle/(°)

20
-40

,60 -

_80 1 1 1 1 1 1 1 1 1 ]
0 2 4 6 8§ 10 12 14 16 18 20

time/s

Fig. 2 Responses of generator angles under CNREC

dissipative Hamiltonian realization framework for non-
linear differential algebraic systems. First, we transform
the considered power system to a Hamiltonian realization
formulation. Then, we put forward a nonlinear H.,
excitation control strategy by utilizing the internal structure
properties and especially the internal energy balance of the
power systems. Simulations on a six-machine eight-load
power system show the effectiveness of the proposed
control scheme.
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