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Dissipative Hamiltonian Realization and Energy-Based
-Disturbance Attenuation Control of

Multimachine Power Systems

Yuzhen Wang, Daizhan Cheng, Chunwen Li, and You Ge

Abstract—The note considers the -disturbance attenuation of multi-
machine power systems via dissipative pseudo-Hamiltonian realization of
the systems. First, the note expresses multimachine systems as a dissipative
Hamiltonian system. Then, the note investigates the energy-based control
design of -disturbance attenuation of multimachine power systems and
proposes a decentralized simple control strategy. Simulations on a six-ma-
chine system show that the achieved -disturbance attenuation control
strategy is very effective.

Index Terms—Dissipative Hamiltonian realization, -disturbance at-
tenuation, -machine power system.

I. INTRODUCTION

Recently, Hamiltonian function method [1]–[5] has drawn a con-
siderable attention in the control of power systems and got a lot of
achievements [1], [6]–[11]. The method, in general, can thoroughly use
the internal structural properties of power systems during control de-
signs, and the controllers designed by the method are relatively simple
in form, easy and effective in operation.

It is well known that a key step in using Hamiltonian function method
to investigate control problems is to express the system under consider-
ation as a dissipative Hamiltonian system, i.e., to complete dissipative
Hamiltonian realization (DHR). With Hamiltonian function method
many significant achievements have been obtained for single-machine
infinite-bus systems [6], [8], [10], but for multimachine power systems
the situation is quite different. The model structure of multimachine
systems is so complicated that the systems’ DHR problem has become
an open puzzle. Very recently, certain contributions have been made for
the DHR of multimachine power systems [9], [11]. However, the dissi-
pative Hamiltonian realization problem of multimachine systems still
remains a long-unresolved problem, which turns to be the bottleneck
of the energy-based control design of multimachine systems.

This note, based on a widely used model of multimachine power
systems [12]–[14], has obtained a DHR form of multimachine power
systems by using prefeedback technique. Unlike the traditional way, we
consider a feedback Hamiltonian realization directly and then adjust
the operating point to the preassigned point. The new approach can be
simply described as: prefeedback—DHR—operating point adjustment.

Then as an application of the DHR, the note investigates the energy-
based control design ofL2-disturbance attenuation of multimachine
power systems and proposes a decentralized simple control strategy.
Simulations on a six-machine system show that the achievedL2-dis-
turbance attenuation control strategy is very effective.
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The rest of this note is organized as follows. Section II deals with
the DHR of multimachine power systems. Section III investigates
the energy-based control design ofL2-disturbance attenuation of
multimachine systems. Section IV presents some simulation results
and Section V is the conclusion.

II. DHR OF MULTIMACHINE POWER SYSTEMS

Consider the followingn-machine power system, each generator of
which is described by the third-order dynamic model [12]–[14]:

_�i = !i � !0
_!i =

!

M
Pmi �

D

M
(!i � !0)�

!

M
Pei;

_E0
qi = �

1

T
Eqi +

1

T
ufi;

(2.1)

Pei = GiiE
02

qi +E0
qi

n

j=1;j 6=i

BijE
0
qj sin(�i � �j)

Eqi = E0
qi + Idi(xdi � x0

di)

Idi = BiiE
0
qi �

n

j=1;j 6=i

BijE
0
qj cos(�i � �j)

i = 1; 2; . . . ; n

where�i is the power angle of theith generator, in radian;! the rotor
speed of theith generator, in rad/s,!0 = 2�f0;E

0
qi theq-axis internal

transient voltage of theith generator, in per unit;x0
di thed-axis transient

reactance of theith generator, in per unit;ufi the voltage of the field
circuit of theith generator, the control input in per unit;Mi the inertia
coefficient of theith generator, in seconds;Di the damping constant,
in per unit;Td0i the field circuit time constant, in seconds;xdi the
d-axis reactance, in per unit;Pmi the mechanical power, assumed to be
constant, in per unit;Pei the active electrical power, in per unit;Idi the
d-axis current, in per unit;Eqi the internal voltage, in per unit;Yij =
Gij + jBij the admittance of linei-j, in per unit;Yii = Gii + jBii

the self-admittance of busi, in per unit.
Denotexi1 = �i; xi2 = !i � !0; xi3 = E0

qi; (!0=Mi)Pmi =
ai; (Di=Mi) = bi; (!0=Mi)Gii = ci; (!0=Mi) = di; (1=Tdoi) =
ei; (xdi � x0

di=Tdoi) = hi; (1=Tdoi)ufi = ui, then (2.1) can be
written as

_xi1 = xi2;

_xi2 = ai � bixi2 � cix
2

i3

�dixi3

n

j=1;j 6=i

Bijxj3 sin(xi1 � xj1);

_xi3 = �(ei + hiBii)xi3 + ui

+hi

n

j=1;j 6=i

Bijxj3 cos(xi1 � xj1)

i = 1; 2; . . . ; n: (2.2)

Tying every means, we find it almost impossible to express system
(2.2) into a Hamiltonian system directly. Prefeedback seems necessary.
Then the problem becomes how to design a suitable prefeedback law to
provide (2.2) a dissipative Hamiltonian structure. After analyzing the
form of (2.2), we find that the term�cix2i3 in the second equation is
a key factor in the DHR, because this term does not have its (skew-)
symmetric counterpart and destroys the system’s dissipative structure.
Based on the term�cix2i3, the forms of the three equations of (2.2)
and Poincare lemma, a rough calculation shows that the prefeedback
law should be a nonlinear one related toxi1xi3. Finally, it turns out
that the following prefeedback control law (2.3) works:

ui = �
2cihi
di

xi1xi3 + vi; i = 1; 2; . . . ; n: (2.3)

Theorem 2.1: Under the prefeedback control (2.3), the multima-
chine system (2.1) has an overall dissipative Hamiltonian realization.
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Proof: Substituting (2.3) into (2.2), we have (2.4), as shown at
the bottom of the page, wherei = 1; 2; . . . ; n; g = (0; 0; 1)T . Set
formal Hamiltonian-like functions as

Hi = �
ai
di
xi1 +

ci
di
xi1x

2

i3 +
1

2di
x2i2

�xi3

n

j=1;j 6=i

Bijxj3 cos(xi1 � xj1) +
ei + hiBii

2hi
x2i3

i = 1; 2; . . . ; n, then (2.4) can be described as

_xi = (Ji �Ri)
@Hi

@xi
+ gvi; i = 1; 2; . . . ; n (2.5)

where

Ji =

0 di 0

�di 0 0

0 0 0

Ri =

0 0 0

0 bidi 0

0 0 hi

xi = (xi1; xi2; xi3)
T . Here, (2.5) is a formal dissipative Hamiltonian-

like system.
Note that this formal structure does not provide a Hamiltonian struc-

ture to the overall system, because in each individual subsystem the
cross-variables are frozen as constants. In the following, we look for a
real Hamiltonian function of then generators, which is considered as
the total energy of the whole system. Set

H(x) =

n

i=1

Hi +
1

2

n

i=1

xi3

n

j=1;j 6=i

Bijxj3 cos(xi1 � xj1)

=
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i=1
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2
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+
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2di
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ei + hiBii

2hi
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�

1

2

n

i=1

xi3

n

j=1;j 6=i

Bijxj3 cos(xi1 � xj1) (2.6)

wherex = (xT1 ; x
T
2 ; . . . ; x

T
n )

T . By using relationBij = Bji, it is not
difficult to check that

@H(x)

@xij
=
@Hi

@xij
; i = 1; 2; . . . ; n j = 1; 2; 3: (2.7)

In fact, from (2.6), we have
@H
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= �
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+
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x2i3 �
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@xi1
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Bsjxj3 cos(xs1 � xj1)
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+
1

2
xi3

n

j=1;j 6=i

Bijxj3 sin(xi1 � xj1)

�
1

2

n

s=1;s6=i

xs3Bsixi3 sin(xs1 � xi1)

= �
ai
di

+
ci
di
x2i3

+ xi3

n

j=1;j 6=i

Bijxj3 sin(xi1 � xj1) =
@Hi

@xi1
:

Similarly, we get(@H)=(@xi3) = (@Hi)=(@xi3). On the other hand,
it is apparent that(@H)=(@xi2) = (@Hi)=(@xi2). So, (2.7) holds.

Equation (2.7) indicates thatH(x) is the real Hamiltonian function
for then generators. From (2.5) and (2.7), it turns out that the overall
system is expressed as

_x = (J �R)
@H

@x
+Gv (2.8)

where J = DiagfJ1; J2; . . . ; Jng; R =
DiagfR1; R2; . . . ; Rng; G = Diagfg; g; . . . ; gg3n�n,
andv = (v1; v2; . . . ; vn)

T .
Remark 2.2: SinceJi is skew-symmetric andRi � 0; J is skew-

symmetric andR � 0. Therefore, (2.8) is our desired DHR of multi-
machine power systems.

Remark 2.3: The model (2.1) does not take into account the transfer
conductancesGij (i 6= j). In power systems, sinceGij � Bij ; i 6= j
[9], [12],Gij (i 6= j) can be neglected in the modeling compared with
Bij [12]–[14]. In model (2.1),Gii 6= 0, which exactly presents a part
of the network load.

Before ending this section, we consider the problem of working point
adjustment. For the following controlled system:

_x = f(x) + g(x)u (2.9)

whenu = 0 the equilibrium point is called the working point. Assume
x0 is the working point of (2.9) with zero input, i.e.,f(x0) = 0; more-
over, using a controlu = '(x) + v the system is converted to

_x =MrH + gv

whererH = (@H)=(@x). In general, the equilibrium may be shifted,
i.e.,MrH(x0) 6= 0. Let (x) be such that

'(x0) +  (x0) = 0;

M�1g (x) = rH 0 (2.10)

for some smooth functionH 0 (whereM is assumed invertible). We can
prove that Proposition 2.4 holds.

Proposition 2.4: Control lawu = '(x) + (x) + v provides (2.9)
a Hamiltonian realization as

_x =Mr ~H + gv (2.11)

where ~H = H + H 0. Moreover, for (2.11), the working pointx0
remains.

III. L2-DISTURBANCE ATTENUATION OF MULTIMACHINE

POWER SYSTEMS

This section deals with theL2-disturbance attenuation of multima-
chine power systems. First, we investigate theL2-disturbance attenua-
tion of port-controlled Hamiltonian (PCH) systems. As for the concept
and properties ofL2-disturbance attenuation, please refer to [8] and
[15].

A. L2-Disturbance Attenuation of PCH Systems

Consider the following PCH system [3], [5]:

_x = (J(x)�R(x))rH + g1(x)u+ g2(x)w

z = h(x)gT1 (x)rH;
(3.1)

wherex 2 Rn; u 2 Rm; R(x) � 0; H(x) is positive definite near the
equilibrium concerned andh(x) is a weighting matrix.

_xi1
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_xi3

=

0 di 0

�di �bidi 0

0 0 �hi
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d
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d
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n

j=1;j 6=i
Bijxj3 sin(xi1 � xj1)

1

d
xi2

e +h B

h
xi3 +

2c

d
xi1xi3 �

n

j=1;j 6=i
Bijxj3 cos(xi1 � xj1)

+ gvi (2.4)
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Given a disturbance attenuation level
 > 0 and take
z = h(x)gT1 (x)rH as the penalty signal, then we have the
following result.

Theorem 3.1:For the given disturbance attenuation level
 > 0, if

R(x)�
1

2
2
g2(x)g

T
2 (x)� g1(x)g

T
1 (x) � 0 (3.2)

then theL2-disturbance attenuation problem of (3.1) can be solved by
feedback control law

u = �
1

2
hT (x)h(x) +

1

2
2
Im gT1 (x)rH (3.3)

and
-dissipation inequality

_H + (rH)T R(x)�
1

2
2
g2(x)g

T
2 (x)

�g1(x)g
T
1 (x) rH

�
1

2
f
2kwk2 � kzk2g (3.4)

holds along trajectories of the closed loop system consisted of (3.1) and
(3.3), whereIm is them �m identity matrix.

Proof: It is easy to know from (3.1) and (3.3) that

dH

dt
= �(rH)TR(x)rH + (rH)Tg1u+ (rH)Tg2w

= �(rH)TR(x)rH �
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+
1

2
2
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T
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+
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gT2 rH

2

:
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+rHT R�

1

2
2
g2g

T
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T
1 rH

=
1

2
(
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1
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gT2 rH

2
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1

2
(
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which is (3.4). BecauseR� (1=(2
2))[g2g
T
2 � g1g

T
1 ] � 0, (3.3) with

H(x) is a solution to theL2-disturbance attenuation of (3.1).
Remark 3.2: Theorem 3.1 is motivated by [8, Th. 1]. Wheng1(x) �

g2(x), Theorem 3.1 degenerates to [8, Th. 1].

B. Energy-BasedL2-Disturbance Attenuation of Multimachine
Systems

Considern-machine power system (2.1) affected by external distur-
bances. Then, the system can be rewritten as

_�i = !i � !0
_!i =

!

M
Pmi �

D

M
(!i � !0)�

!

M
Pei + "i1

_E0

qi = � 1
T

Eqi +
1

T
ufi + "i2

i = 1; 2; . . . ; n (3.5)

where"i1; "i2 are bounded disturbances, and the other variables and
parameters are the same as in Section II.

TheL2-disturbance attenuation problem of (3.5) can be described as
follows: Given penalty signals

zi = ri(�i; !i; E
0

qi)
(1 + ki0Tdoi)E

0

qi � Tdoi�ui

xdi � x0

di

+ 2Gii�iE
0

qi + Idi ; i = 1; 2; . . . ; n (3.6)

a disturbance attenuation level
 > 0 and a desired equilibrium
(�

(0)
i ; 0; E

(0)
qi ); i = 1; 2; . . . ; n. Find a feedback control strategy

ufi = �i(x); i = 1; 2; . . . ; n, and a storage functionV (x) which is
positive definite near the desired equilibrium such that
-dissipation
inequality

_V +Q(x) �
1

2
f
2k"k2 � kzk2g 8" (3.7)

holds along all trajectories of the closed-loop system consisted of (3.5)
and the feedback control strategy, where" = ("1; "2; . . . ; "n)

T ; "i =
("i1; "i2); z = (z1; z2; . . . ; zn)

T ; x = (xT1 ; x
T
2 ; . . . ; x

T
n )

T ; xi =
(�i; !i � !0; E

0

qi)
T ; k � k is the euclidean norm,Q(x) � 0 is a given

nonnegative function,ri weighting functions, andki0 and �ui are
suitably large numbers (may be adjusted).

Remark 3.3: Penalty signals (3.6) can be rewritten as

zi =
ri(�i; !i; E

0

qi)

xdi � x0

di

Eqi � u�fi ; i = 1; 2; . . . ; n

whereEqi are the internal voltage signals andu�fi := Tdoi�ui �
2Gii(xdi � x0

di)�iE
0

qi � ki0TdoiE
0

qi, which are the excitation signals
to be designed [see (3.8) and (3.13)]. Thus, the penalty signals
zi (i = 1; 2; . . . ; n) have clear physical meaning.

Now, we give the energy-based control design for the aboveL2-dis-
turbance attenuation problem. From the DHR in Section II, (3.5) can
be expressed as

_xi = (Ji �Ri)
@H(x)

@xi
+ gvi + g1"

T
i

i = 1; 2; . . . ; n (3.8)

where

g1 =

0 0

1 0

0 1

"i = ("i1; "i2):

For the convenience of design, we let"i = 0 in (3.8) tentatively.
Since the feedback law in the dissipative Hamiltonian realization of
(3.5) can cause the equilibrium point to be shifted, we first, based on
Proposition 2.4, design a feedback control law which stabilizes system
(3.8) to the desired operating point(�

(0)
i ; 0; E

(0)
qi ); i = 1; 2; . . . ; n.

Choose control law

vi = �kixi3 + �ui; i = 1; 2; . . . ; n (3.9)

whereki and�ui are constant numbers to be determined. Substitute (3.9)
into (3.8)("i = 0) and note that(Ji �Ri) is invertible, then we have

_xi = (Ji �Ri)
@H(x)

@xi
+ (Ji �Ri)

@ �Hi

@xi

where �Hi = (ki)=(2hi)x
2
i3 � (�ui=hi)xi3. Choosing a new Hamil-

tonian function as

H� = H(x) +

n

i=1

�Hi (3.10)

the closed-loop system (3.8) with control (3.9) can be expressed as

_xi = (Ji �Ri)
@H�

@xi
; 1; 2; . . . ; n (3.11)

which is also a dissipative Hamiltonian system.
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In the following, we investigate the properties of the Hamiltonian
functionH�. It is easy to know thatH� can be expressed as

H� =

n

i=1

�

ai
di
xi1 +

ki
2hi

+
ci
di
xi1 �

1

2

n

j>i

Bij x2i3

+
1

2di
x2i2 +

ei + hiBii

2hi
xi3 �

�ui
ei + hiBii

2

+
1

2

n

i=1

n

j>i

Bijx
2
i3 �

n

i=1

�u2i
2hi(ei + hiBii)

�

1

2

n

i=1

xi3

n

j=1;j 6=i

Bijxj3 cos(xi1 � xj1):

Use relationBij = Bji and set

H� =

n

i=1

�

ai
di
xi1 +

ki
2hi

+
ci
di
xi1 �

1

2

n

j>i

Bij x2i3

+
1

2di
x2i2 +

ei + hiBii

2hi
xi3 �

�ui
ei + hiBii

2

+
1

2

n

i=1

n

j>i

Bij(jxi3j � jxj3j)2

�
n

i=1

�u2i
2hi(ei + hiBii)

H� =

n

i=1

�ai
di
xi1 +

ki
2hi

+
ci
di
xi1 � 1

2

n

j>i

Bij x2i3

+
1

2di
x2i2 +

ei + hiBii

2hi
xi3 � �ui

ei + hiBii

2

+
1

2

n

i=1

n

j>i

Bij(jxi3j + jxj3j)2

�
n

i=1

�u2i
2hi(ei + hiBii)

then we can easily get

H� � H� � H�: (3.12)

Becausexi1 2 [��; �], we can select suitably large numberski
such thatH� is bounded from below. Now, letki = ki0 such thatH�

is bounded from below. From (3.12),H� is also bounded from below
and for8l > 0 the setfxjH�(x) � lg is compact. From [11] and
properties of the power system itself,H�(x) has a strict local minimum
at the operating point.

From (3.11), we have

dH�

dt
= �

n

i=1

bi
di
x2i2 �

n

i=1

hif
2
i � 0

where

fi :=
ei + hiBii

hi
xi3 �

n

j=1;j 6=i

Bijxj3 cos(xi1 � xj1)

+
2ci
di

xi1xi3 +
ki0
hi

xi3 � �ui
hi
:

SinceH�(x)has a strict local minimum at the operating point, (3.11)
is stable at the operating point. Moreover, the system converges to the
largest invariant set contained in

S = x :
dH�

dt
= 0

= fx : xi2 = 0; fi = 0; i = 1; 2; . . . ; ng :

Fromxi2 � 0, we can conclude that

ai � cix
2
i3 � dixi3

n

j=1;j 6=i

Bijxj3 sin(xi1 � xj1) = 0

i = 1; 2; . . . ; n. So, points in the largest invariant set satisfy

ai � cix
2
i3 � dixi3

n

j=1;j 6=i

Bijxj3 sin(xi1 � xj1) = 0

xi2 = 0; fi = 0 i = 1; 2; . . . ; n

which is exactly the condition the equilibrium satisfies. From the
LaSalle invariant principle, the closed-loop system (3.11) is asymp-
totically stable.

Besides, from the aforementioned condition satisfied by the equilib-
rium point, we know that�ui is given as

�ui = (ei + hiBii)E
(0)
qi +

2cihi
di

�
(0)
i E

(0)
qi + ki0E

(0)
qi

�hi

n

j=1;j 6=i

BijE
(0)
qj cos �

(0)
i � �

(0)
j :

Now, consider (3.8) with"i 6= 0 and choose control laws

vi = �ki0xi3 + �ui + �vi; i = 1; 2; . . . ; n (3.13)

where�vi are new control inputs. Substituting (3.13) into (3.8) yields

_xi = (Ji �Ri)
@H�

@xi
+ g�vi + g1"

T
i ; i = 1; 2; . . . ; n:

(3.14)

Then, (3.5) can be expressed as

_x = (J �R)
@H�

@x
+G�v +G1" (3.15)

where �v = (�v1; �v2; . . . ; �vn)
T ; G = Diagfg; g; . . . ; gg; G1 =

Diagfg1; g1; . . . ; g1g and others are the same as before.
Now, we consider the penalty signalszi and express them into virtual

forms. A straightforward computation shows thatzi can be expressed
aszi = ri(xi)g

T (@H�)=(@xi); i = 1; 2; . . . ; n. Then, we have

z = r(x)GT @H�

@x
(3.16)

where r(x) = Diagfr1(x1); r2(x2); . . . ; rn(xn)g, called the
weighting matrix.

Theorem 3.4:For the given penalty signals (3.6) and the disturbance
attenuation level
 > 0, if


 � 
� = max
1�i�n

Mip
2!0Di

(3.17)

then theL2-disturbance attenuation problem of (3.5) can be solved by
feedback laws

ufi = �2Gii(xdi � x0di)�iE
0
qi � ki0TdoiE

0
qi

� Tdoi
2ri

r2i +
1


2
zi + Tdoi�ui (3.18)

i = 1; 2; . . . ; n, and
 dissipation inequality

_V (x) +Q(x) � 1

2
f
2k"k2 � kzk2g (3.19)

holds along all trajectories of the closed-loop system (3.5) with (3.18),
whereV (x) = H�+c; c = �H�(x0);Q(x) = (rH�)

TPrH� and

P = R� 1

2
2
G1G

T
1 �GGT � 0: (3.20)

Proof: From (3.20), we know

P = DiagfR1; R2; . . . ; Rng
� 1

2
2
Diagfg1gT1 � ggT ; . . . ; g1g

T
1 � ggT g:
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Fig. 1. Six-machine system.

Now, investigate the main diagonal blocks ofP :

Ri �

1

2
2
g1g

T
1 � ggT =

0 0 0

0 bidi 0

0 0 hi

�

1

2
2

0 0 0

0 1 0

0 0 0

:

Because
 � 
� ) 
 � (Mi=(
p
2!0Di)) ) (1=(2
2)) �

(!0Di)=(M
2
i ) = bidi, thusRi � (1=(2
2))(g1g

T
1 � ggT ) � 0; i =

1; 2; . . . ; n;) P � 0. It is easy to know from Theorem 3.1 that for
the given penalty signals (3.16) and the disturbance attenuation level

 � 
� > 0, theL2-disturbance attenuation problem of (3.15) can be
solved by the following feedback law:

�v = � 1

2
rT (x)r(x) +

1

2
2
In GT @H�

@x
(3.21)

and

_H� + (rH�)
TPrH� � 1

2
f
2k"k2 � kzk2g

holds along the trajectories of the closed-loop system. This
 dissipa-
tion inequality is just (3.19). From (3.21), we have

�vi = �1

2
r2i (xi) +

1


2
gT

@H�

@xi
; i = 1; 2; . . . ; n

from which, along with (3.13) and (2.3), we get

ufi = Tdoiui = �2cihi
di

Tdoixi1xi3 � ki0Tdoixi3

+Tdoi�ui � 1

2
r2i +

1


2
Tdoig

T @H�

@xi
(3.22)

i = 1; 2; . . . ; n. Rewrite (3.22) with the original forms of the variables
and parameters, then we have

ufi = �2Gii(xdi � x0
di)�iE

0
qi � ki0TdoiE

0
qi + Tdoi�ui

� Tdoi
2ri

r2i +
1


2
zi; i = 1; 2; . . . ; n

which is (3.18).

Fig. 2. Responses of when = 2.

Remark 3.5:

1) Equation (3.18) is a decentralized control strategy.
2) In practice,ki0 and�ui can be determined as follows:

ki0 = � 2
T

Gii(xdi � x0
di)��

(0)
i ;

�ui =
1

T
E

(0)
qi + Idi0(xdi � x0

di) ; i = 1; 2; . . . ; n

(3.23)

where Idio = BiiE
(0)
qi � n

j=1;j 6=i
BijE

(0)
qj cos(�

(0)
i �

�
(0)
j );��

(0)
i = �

(0)
i � �0 and �0 is the power angle of the

equivalence infinite-bus system (Note: In practice, we can
simply set�0 = 0).

Remark 3.6: The desired equilibrium (the preassigned operating
point) (�(0)i ; 0; E

0(0)
i ); i = 1; 2; . . . ; n can be given by flow compu-

tation of power systems in advance.
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Fig. 3. Responses of when = 10.

IV. SIMULATION

A six-machine system [13], [14] is chosen as an example to demon-
strate the effectiveness of the control strategy (3.18) The system is
shown in Fig. 1. As for its generator data, we refer to [13] and [14].
The simulation is completed by the PSASP package which is a profes-
sional testing system for power systems designed by the China Elec-
trical Power Research Institute, Beijing, China.

In Fig. 1, generator no. 6 is a synchronous condenser and generator
no. 1 itself actually represents an equivalent of a large power system,
used as the reference here. Equip generators no. 2–no. 5 with controller
(3.18). Here,
� = (79:5)=(

p
2� 314� 3) = 1:8316. In simulating,

we letri = 0:2 and do with different disturbance attenuation level
,
whereki0 and�ui are determined by (3.23).

A symmetrical three-phase short-circuit fault is assumed to occur
during the time period0 � 0:15 s at K (see Fig. 1). When
 = 2; 10,
the responses of�i1 (=�i � �1, in degree) are given in Figs. 2 and 3
respectively.

Through Figs. 2–3, we can see that the control strategy proposed in
the note is very effective and the system’s dynamic performance can
be improved by reducing the disturbance attenuation level
.

V. CONCLUSION

The multimachine power systems have been expressed as a dissi-
pative Hamiltonian system. Based on the dissipative Hamiltonian re-
alization, theL2-disturbance attenuation of multimachine power sys-
tems has been investigated and a decentralized simple control strategy
has been proposed. Simulations on a six-machine system show that the
achievedL2-disturbance attenuation control strategy is very effective.
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