
 

 

Abstract — The periodic solution theory of the 
autonomous Hamiltonian systems is studied. Then 
the low frequency oscillation frequency 
characteristics of power system are analyzed using 
the inherent periodic orbits in nonlinear systems 
based on variational method and extremum 
principle. Some interesting conclusions, which can 
be dedicated to analyzing the periodic properties of 
some physical systems, are given without detailed 
proof. The physical nature of the existence of the 
low-frequency oscillation in single machine 
infinite-bus (SMIB) system and inter-connected 
power system are derived in detail. The result is 
compared with that originated from linearized 
eigenvalue analysis. The factors which closely 
related with the low frequency characteristic are 
summarized and discussed. The dynamic 
numerical simulations of parameterized power 
system verify the correctness and prospectiveness 
of the proposed method. 

 
Index Terms — Hamiltonian system, periodic 

solutions, power system, low-frequency 
oscillations 

 

1. INTRODUCTION 

ow-frequency oscillation poses a potential 
threat to the  stable operation of power 

systems. There have occurred several instability 
and breakdown events in power system that 
originated from low-frequency oscillations. For a 
long time in history, it is believed that negative 
damping is the essential cause of the 
low-frequency oscillations and the consequently 
developed eigenvalue analysis method can 
provide sufficient information for all the oscillation 
modes [1]. However, numerous oscillation faults 
can still happen after the damping of the power 
system has been strengthened through various 
methods [2], some of which can-not be predicted 
or analyzed by the traditional negative damping 
mechanism and the small-signal analysis methods 
that based on linear techniques. Therefore, in 
recent years, kinds of different explanations of the 
mechanism of low-frequency oscillations are 
explored.  
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Power system resonance mechanism is 
accepted by a number of researchers and can be 
used to explain some power oscillations in 
practical power systems that can’t be explained by 
non-negative damping mechanism [3]. It is 
believed that low-frequency high amplitude power 
oscillation could be triggered while the frequency 
of a sustained cyclic small disturbance coincides 
with the natural oscillation of the power system. 
Some oscillations occurred in practical power 
systems have been repeatedly proven to be 
caused by outside periodic disturbances [4-6]. In 
[7], the mechanism and reason why generator 
parallelization can cause low-frequency 
oscillations are analyzed and found that dual 
modes of low-frequency harmonic torque in 
generator parallelizing are the main factors. In [8], 
a fact that continuous cyclical load disturbances 
can lead to forced power oscillations is proved and 
the relationship between the influence factors of 
the load power disturbance and the inherent 
oscillation modes are analyzed.  

Nonlinear theory is another kind of means to 
analyze low-frequency oscillations of power 
system. In [9], a realistically parameterized power 
generator model, augmented to include several 
elements, such as lossy transmission line and 
excitation control, is shown to undergo a Hopf 
bifurcation to periodic solutions hence the 
oscillations will occur. In [10], a numerical method 
is proposed to evaluate the unstable limit cycle by 
means of Hopf bifurcation theory. However, the 
chaos and bifurcation theory are commonly used 
in simple power system oscillation analysis since 
the mathematical models for real power system 
are rather complicated. More recently, with the 
advances in signal processing algorithms along 
with the application of the WAMS (Wide Area 
Measurement Systems), some nonlinear 
conceptions and computational algorithms have 
been proposed in the investigation of complex 
non-stationary power system oscillations [11].  

Periodic motions and behaviors in nature have 
wisely drawn our attention because they are a sign 
and a clue for regularity. Hamilton system is a kind 
of specific dynamic system which has been 
successfully used in some practical physical 
systems, such as mechanical system and power 
system [12, 13]. The complex dynamical behavior 
of Hamiltonian systems can be investigated from 
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different points of view and using a large variety of 
analytical and geometric tools [14]. In [15], a 
Hamiltonian approach is proposed to obtain the 
natural frequency of nonlinear conservative 
oscillatory systems. More specifically, the periodic 
solutions of conservative systems with two 
degrees of freedom have drawn considerable 
attentions for years and a consequence of the 
least action principle has been successfully used. 
Then variational methods have been proposed for 
solving the periodic solutions of general 
Hamiltonian systems with strongly indefinite 
functional and finding heteroclinic or homoclinic 
orbits [16-18].  

The interest on periodic motions has not been 
restricted to celestial mechanics but became a sort 
of paradigm in all the areas where mechanics can 
be successfully applied [19]. In this paper, using 
the mathematical theory and computational 
algorithm of the existence of periodic solutions for 
a class of symmetric Hamiltonian systems, the 
low-frequency oscillations of power system are 
investigated from a completely new point of view. 
Firstly, some useful conclusions in the periodic 
solutions of the autonomous Hamiltonian systems 
are introduced without detailed proof. Then the 
Hamiltonian realization of single machine 
infinite-bus (SMIB) system and the 
inter-connected power system are explicitly 
illustrated, and the oscillation frequency properties 
are analyzed. Lastly, the dynamics of these two 
parameterized power systems are investigated 
and the simulation results verify the correctness of 
the presented method. 

2. BASIC THEORY AND PRELIMINARY RESULTS  

The complex dynamical behavior of Hamiltonian 
systems has attracted mathematicians and 
physicists for a long time. Especially, the periodic 
solution of the autonomous Hamiltonian systems 
is of great importance to the prominent 
characteristics of the corresponding physical 
system. The study on the periodic orbits of 
planetary motions, mechanics systems and some 
other dynamic systems has been one of the main 
centers of mathematical investigations and 
developments. This method is reasonable and 
understandable for studying the dynamical 
properties of a practical system since any 
equilibrium point can be seen as a periodic 
solution with T=0 [19]. Variational methods turned 
out to be one of the most effective methods for 
proving the existence of periodic orbits [20]. The 
valuable feature of the variational methods is the 
possibility to study the existence problem by 
looking at the topology and geometry of the space 
of periodic paths without recalculating the entire 
trajectory. This paper focuses on the application of 
Hamiltonian periodic theory on power system 
low-frequency oscillations. Some preliminaries are 
merely introduced here in order to make the paper 
self-contained, the proof and more details can be 
found in [19, 21]. 

Most of the systems in physics can be naturally 
written as the Hamiltonian form. A general 
Hamiltonian system can be written as following: 
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where p , nRq  and 1 2( , )nH C R R R  . For the 

practical dynamic system, H  commonly has a 
meaning of the total energy of the system. Denote 

 ,z p q , the Hamiltonian function can be 

represented as 

  2
( ) ( ) ( ) ( )H K V K V   z z z p q    (2) 

where ( )K z  and ( )V z  are the kinetic energy and 

potential energy of the system, respectively. Then 
the system can be rewritten in a compact form as 
follows:  

 ( , )H t z J z        (3) 
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Specifically, equation (3) is an autonomous 
Hamiltonian system, namely, when 

( , ) ( )H t H C z z  is a constant. The problem of 

periodic solutions for the above mentioned kind of 
system is of great concern because of its 
widespread occurrence in nature. Under some 
reasonable assumptions, the practical dynamic 
system can also be transformed into an 
autonomous Hamiltonian system, such as the 
lossless power system.  

The existence and numerical calculation of the 
periodic solutions for system (3) is of great 
importance for investigating its regularity as well as 
periodicity. Thus a natural problem which arises is 
whether there exists the periodic solutions and the 
number of the solutions if exists. From the point of 
view of variational methods, the characteristic of 

( , )H t z  especially when z  and 0z  is 

closely related to the problem. Without loss of 
generality, when looking for periodic solutions of 
system (3) we shall always assume that ( , )H t z  

satisfies the following conditions [21]:  

(H1) 2( , )NH C R R R  , 2 2( , )N NH C R R R    and it 

causes no loss of generality to assume ( ,0) 0H t  ;  

(H2) ( 2 , ) ( , )H t H t z z ;  

(H3)There exist 0c   and (2, )s   satisfies the 

condition that 
1

(1 )
s

H c


   z .  

Sometimes, two additional conditions may be 
needed: 

(H4)
22 2 4( , )N NH C R R R   , 2H  is the Hessian 

matrix of H ;  
(H5)There exist 0d   and (2, )s   such that the 

condition 
12 (1 )

s
H d


   z  holds.  

Clearly, (H5) implies (H3). The existence and 
multiplicity results for periodic solutions of (3) are 
interrelated to the solutions near an equilibrium 
 



 

[21], which is more helpful to further understand 
the periodic motions of some physical systems. A 
theorem for periodic solutions near equilibrium is 
explicitly given below.  

Consider an autonomous Hamiltonian system 
as in (3), the conditions of (H1)-(H3) are supposed 
to hold for ( , )H t z . Then the vector filed of H  is 

one dimensional continuous, thus each initial 
value problem has a unique solution ( )tz z  

defined on some maximal interval max[0, ]I t . 

Furthermore, the autonomous property of the 
system will naturally yield : 

    ( ) ( ) ( ) ( ) ( ) 0
d
H t H t t t t

dt
      z z z Jz z     (4) 

which means that  ( )H tz  is constant for all t I . 

Without loss of generality, we assume that 0z  is 

an isolated, hyperbolic stationary solution of (3) 
and it is also a critical point of H . The Lyapunov 
center theorem provides an essential condition for 
the existence of the periodic orbits near 0. It states 

that if 2 (0)HJ  has a pair of purely imaginary 

eigenvalues i  which are simple and no other 

integer multiples ik  ( k N  is an integer 

number) are eigenvalues of 2 (0)HJ  then the 

dynamic system of (3) has a one-parameter family 
of periodic solutions emanating from the 
equilibrium point. However, if integer multiples are 

eigenvalues of 2 (0)HJ  then there may be no 

periodic solutions near 0 [22]. A sufficient condition 
is urgently needed for practical usage of this 
criterion mentioned above.  

Suppose that all eigenvalues of 2 (0)HJ  are 

semi-simple and are of the form of ik . Define 
2NE R   is the generalized eigenspace of 

2 (0)HJ  corresponding to the eigenvalues of 

ik . Let 

  2 2 21
( ) (0) , ,

2
N NQ H C R R  z z z    (5) 

be the quadratic part of H  at 0 and ( ) N     

be the signature of the quadratic form Q  restricted 

to E . Observe that ( )   is automatically an even 

integer then there holds the following theorem.  
Theorem 1: If 0  , then one of the following 

statements hold:  
(i) There exists a sequence of kT -periodic 

solutions kz  of (3) which lie on the energy surface 

(0)H H  with 2 /kT    and k . It is not 

necessary that the period of kT  is minimal.  

(ii) There exists 0   small enough such that 

there are at least / 2  non-constant and 

geometrically different periodic solutions 

( 1,..., / 2 )j j z  of (3) on the energy surface 

2(0)H H    with period jT
  (also not necessarily 

minimal). Moreover, these solutions converge 

towards 0 and 2 /jT
    as 0  .  

 
 

Theorem 1 illustrates some general aspects of 
the results regarding the periodic orbits in 
Hamiltonian systems. The detailed proof of the 
theorem can be found in [23] and [21] as well as 
the references therein. Such systems are the 
modern formulation of those mechanical systems 
which are described by second order differential 
equations and have an energy function [19]. It is 
important to say that most of the systems of 
interest in physics can be naturally written in 
Hamiltonian form. Under some assumptions, the 
autonomous properties can be acquired for some 
physical systems, thus the periodic characteristic 
can be evaluated via the above theorem.  

 

3. POWER SYSTEM MODEL AND PERIODIC 

PROPERTY  

Low-frequency oscillation is of great importance 
to the security and stability of power system. 
Essentially, it can be seen as a periodical motion 
attached to the synchronous rotating movement of 
the generators which has a nominal frequency 
value of 0.1 to 3 Hz. Negative damping 
mechanism and eigenvalue analysis based on 
linearized methods are dominated in explaining 
this oscillation phenomenon. However, the 
mechanisms of the indiscipline oscillations 
especially the ultra-low-frequency oscillations in 
large interconnected power grid are still being 
researched and are far more clearly understood. 
Motivated by the research on bifurcation and 
chaos of power systems based on nonlinear 
theory, the periodic solutions of autonomous 
Hamiltonian theory are introduced to analyze the 
frequency characteristics of low-frequency 
oscillations in power system.  

3.1. Frequency analysis of SMIB system 

Firstly, the SMIB system as shown in Fig. 1 is 
chosen as a demonstration to illustrate how to 
investigate the low-frequency property of power 
system oscillations using the proposed theorem. 
The classical generator model will be used in this 

paper. '
qE   denotes the internal generator 

voltage and rotor angle, dX 
  represents the sum 

reactance of the generator and the transmission 
line, while the resistance of the line is ignored. 

Define  0 0 0

T
 x  is the equilibrium point, then in 

the per unit system, the dynamics of the system 
can be written as following:  
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where 0     , 0     , D  represents the 

damping constant of the generator, and  

  0sinq s
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is the electromagnetic power of the generator.  
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Fig. 1.  Equivalent circuit of SMIB system 

 
From the oscillation energy point of view, define 

the Hamiltonian function as:  
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where the first item represents the oscillation 
kinetic energy of the system since the 
synchronous rotation of the generators have no 
contribution to the oscillation, the last two parts are 
the potential energy that related to the relative 
positions of the generator rotator. Therefore, H  
has a clear physical meaning of the total oscillation 
energy. The inter-conversion between the kinetic 
energy and the potential energy will lead to the 
oscillations and it is naturally a periodic motion that 
the frequency property can be fully explored. By 
calculating the partial derivative of equation (8) 
with respect to the state variables we can obtain: 
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Then the SMIB system can be interpreted as the 
Hamiltonian system: 

   H  x J R        (10) 

where 

0 1

1 0
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0 0
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R . 

D  is normally minimal and can be ignored since 
the damp effect has weak correlation with the 
oscillation frequency. Consequently, the 
realization of the autonomous Hamiltonian 
structure can be readily accomplished.  

Denote  
T

p qz  and  

 0

0

;

.

p

q
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Then the autonomous Hamiltonian form of SMIB 
system can be written in the form as (3) with  

 
T

( , ) p qH t H H     z     (12) 

It is obvious that  0 0H   and H  is 2 -periodic 

since there exist trigonometric function in (7). The 
Hessian matrix of H  can be directly obtained: 

 2

0

1 0

(0)
0 cos( )s q
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and it is obvious that  2H  is upper bounded. So 

the above mentioned conditions of (H1)-(H3) are 
exceptionally satisfied. Then according to 
Theorem 1, the periodic solutions of SMIB system 

can be evaluated with the eigenvalues of 2 (0)HJ . 

Let   are the eigenvalues, then we have the 

following determinant: 

 0cos( )
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Denote  

0cos( )s q
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V E
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      (15) 

then the following equation holds 

 2 0a            (16) 

Without losing generality, we can assume that 

 0 0, 90    since the transient stability of the 

power system need to be satisfied firstly. Then it 
holds that 0a   since the other physical 

parameters therein are all positive definite. Then 
the corresponding eigenvalues have the following 
form: 

 1,2 i a          (17) 

Consequently, the dynamic system of (6) has 
periodic orbits near the equilibrium point. It is 
obvious that the dynamic motion of (6) is 
essentially a relative movement viewed in the 
asynchronous rotational coordinates system. 
Therefore, the SMIB system represented by (6) 
will exhibit a low-frequency oscillation. According 
to Theorem 1, on a prescribed energy surface of 

2(0)H   the system has a cycle motion with the 

periodic of 2 /T a . Normally, we can define 

that ~ ( ~ ) sM 6 12s 6 12   p.u, s  is the based 

asynchronous rotating speed of the system, 
~dX 0.2 10

  p.u., and approximately we have 

0coss qV E 1.0  . Then by direct calculation, the 

periodic movement has a frequency of 0.005 to 
0.025p.u. For the power system having a nominal 
asynchronous frequency of 50Hz, the 
low-frequency oscillations will be in a range of 0.25 
to 2.5Hz. This conclusion is in accordance with the 
fact that power system typically has a 
low-frequency oscillation of 0.25 to 2.5Hz. The 
same conclusion can be obtained via linearized 
eigenvalue analysis or practical measurement. 

Remark 1: The existence of the periodic 
solutions of the autonomous Hamiltonian system 
gives a promising view for further understanding 
the essence of low-frequency oscillations in power 
system, which is especially highlighted with that 
the nonlinear characteristics of the system are fully 
preserved. In Theorem 1, it states that the periodic 
solutions are concerned with the equilibrium point. 
Accordingly, the parameters in equation (15) 
indicate that the frequency of the low-frequency 
oscillations in power system rests with the 
operating point as well as the structural 
parameters.  

Remark 2: The part (ii) of Theorem 1 also 
implies that there is a periodic solution of (3) in any 
neighborhood of almost every energy surface [24]. 
In a power system, the periodic motions, i.e. the 
low-frequency oscillations, will always accompany 
a nonzero oscillation energy. Specifically, for a 
strictly convex and non-negative Hamiltonian 
 



 

system, there has a periodic solution 1 2( , )nC R Rz  

of (3) for ( ( ))H t z , ( 0)   [25]. It implies that 

the severity of the perturbation which will trigger 
the oscillation is of little importance to the 
frequency of the low-frequency oscillations while 
the oscillation amplitude is definitely influenced. 

3.2. Inter-area power system simplification and 

analysis  

The ultra-low-frequency oscillations in the 
interconnected power system have drawn 
attentions for recent years and the mechanism 
therein is still obscure. A number of alternate 
analytical techniques to the determination of the 
fundamental characteristics of inter-area 
oscillations have been developed including linear 
and non-linear approaches [26]. Motivated by the 
extended energy area criteria (EEAC), the 
generators in an inter-connected power system 
can be unexceptionally divided into two groups, 
i.e., the accelerating group and decelerating group 
[27]. When the oscillation between the two groups 
is being studied, the two groups can be simplified 
as two generators using the center of inertia (COI) 
equivalent method [28]. The equivalent graph can 
be seen in Fig. 2 and the analysis of the 
low-frequency oscillations in this paper is based on 
this model. The generators are modeled 
classically and the transient generated voltage is 
seen as an invariable. Then the dynamic behavior 
of the equivalent system neglect damping terms 
can be written as:  

 
= sin( )+ ;

= ,

AB AB

AB AB

K P 

 

 






    (18) 

where 

0 0 0 0P = P P P PmA mB LA LB

A B A BH H H H

   


   
     

   
 

0 0= +A B

A B

E E
K

x H H

 




  
 
 

, =AB A B   , AB A B     

( ) ( )

( )

( ) ( )

1 1
( ) ( ) ( )

1

1 1

, ,

A B A B

A B

A B A B

n n

n i i i i
i i

A B i A B A Bn n
i

i i
i i

H H

H H

H H

 

  



 

  
 


 

 

( )A BH , ( )A B  and ( )A B  are the inertia constants, the 

rotor angle and angular speed of the equivalent 
generators of area A (or B), respectively. AP  and 

BP  represent the sum of the active power output of 

the generators within area A and B, respectively; 

mAP  and mBP  are the sum of the prime mover input 

power of the generators within area A and B, 
respectively; AE  and BE  are the constant voltage 

behind the transient reactance of equivalent 
generator A and B, respectively; x  is the 

equivalent impedance between the two area 
including the effect of the transient reactance of 
the equivalent generators, the parameters are all 
in per-unit unless stated otherwise.  

BPAP

AG BG

x

AL BL

 
Fig. 2.  The equivalent circuit of interconnected  

power system 

 
Define / ( )eq A B A BH H H H H   is the equivalent 

inertia of the whole system, and assume the 

equilibrium point is  
T

0 0 0,AB AB x , thus we have 

0 0AB  , then the oscillation energy function of the 

system can be represented as:  

2
0 0

1
( ) (cos cos )

2
eq AB AB AB AB eq ABE H P K H            

  (19) 
where the first item represents the oscillation 
kinetic energy of the two equivalent generators 
because the synchronous rotation of the two 
generators have no contribution to the oscillation 
energy, the other items represent the potential 
energy that related to the relative positions of the 
equivalent generator rotators. By direct calculation 
of the partial derivative of (19) respect to x , the 
dynamic of the system can be written as 
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Denote  
T

p qz  and  

 0

0

;
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Then we define the Hamiltonian function as 
proportional to the oscillation energy function of 
(19) as follows:  

   
2

0 0 0

( ) /

1
cos( ) cos
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AB AB AB
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z

(22) 
Then the dynamic of the inter-connected power 

system shown as (18) can be rewritten in the new 
coordinate system as:  

 ( )H z J z         (23) 

Consequently, the autonomous Hamiltonian 
system realization is accomplished and Theorem 
1 can be directly used to analyze the periodic orbits 
of the system. The transformation of coordinates 
shows that the periodic solutions of (23) implies 
the inter-connected power system low-frequency 
oscillations. Thus in the vicinity of the equilibrium 
point, there exist one periodic solutions, i.e., the 
inter-area power system has a natural 
low-frequency oscillation at the frequency of 

 0 0cosf f K   Hz      (24) 

where 0f  is the asynchronous frequency.  

Remark 3: The periodic orbit of the system 
implies that the inter-connected power system is 
inclined to experience a low-frequency oscillation 
at the frequency of f . It is obvious that f  is  

 
 



 

related to three parameters: (i) It is inversely 
proportional to the equivalent impedance between 
the two interconnected regional power grids; (ii) It 
is inversely proportional to the total inertia time 
constant of each area; (iii) It is proportionally 
related to the cosine value of the initial rotor angle 
difference.  

These analysis can explain why large 
interconnected power system especially that with 
weak ties may undergo an ultra-low frequency 
oscillations.   

4. PROPERTIES ANALYSIS AND SIMULATION 

RESULTS   

4.1. SMIB system  

A parameterized SMIB system shown in Fig. 3 is 
used to analyze the dynamic trajectory of the 
system. The based capacity and voltage are 
100MVA and 220kV, respectively. The inertia 
constant of the generator is 12 sM  . Two 

different operation points, which the active power 
output are 3.0 p.u and 3.6 p.u with the 

corresponding initial rotor angle of 01 41.3    and 

02 52.4   , are chosen as the example to 

investigate the relationship between the oscillation 
frequency and the desired operational points. The 
periodic solutions of the system at the two 
equilibrium points are calculated with Theorem 1 
and we can get the oscillation frequency are 
1.229Hz and 1.107Hz with respect to the two 
different equilibrium points, respectively.  

The system is modeled in Matlab software and 
the dynamics of the system is investigated. The 
instantaneous three-phase short-circuit fault at the 
midpoint of one transmission line occurs to the 
system and leads to a low-frequency oscillation. 
The dynamics of the differential rotor angle and 
rotor speed of the system from the two different 
initial operation points are shown in Fig. 4. The 
dashed line represents the oscillation originates 

from the equilibrium point with 01 41.3    and the 

solid line represents that with 02 52.4   . We can 

see that the system will experience an oscillation 
at the frequency of 1.2Hz and 1.1Hz from the two 
different initial operation points. The results are in 
accordance with the calculation using the 
proposed algorithm in Theorem 1. The close 
interrelation between the oscillation frequency and 
desired operational equilibrium points in power 
system is also verified. 

0.2dx 

 

Fig. 3.  The structure and parameters of SMIB 
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Fig. 4.  The dynamic of the system based on different 

operating points 
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Fig. 5.  The dynamic of the system based on different 

disturbance 
The low-frequency oscillation in power system 

will accompany an energy oscillation which 
originates from an energy mismatch after a 
disturbance. Theorem 1 also draw a conclusion 
that the frequency of the periodic orbits has little 
relation with the prescribed energy surface, which 
means that the severity of the fault in power 
system which triggers the oscillation has little 
effect on the oscillation frequency. Two 
disturbances with the fault clearing time of 0.1s 
and 0.2s are illustrated in Fig. 5 with solid line and 
dashed line, respectively. It shows that the 
magnitude of the oscillation is closely related to the 
disturbance while the frequency is only slightly 
affected. It shows that the physical structure and 
parameters of the power system are the primary 
factors for the oscillation frequency. 

4.2. Two-area power system    

A simple two-area power system shown in Fig.6 
is chosen as the example to analyze the properties 
of the low-frequency oscillations in the 
inter-connected power system. The parameters of 
the system can be seen in [1]. Using the equivalent 
method mentioned in Section II, the parameters of 
the simplified model can be directly calculated as: 
 

 
 



 

x 0.78  , AH 26s , BH 24.7s , 0AB 27.25   . The 

oscillation frequency can be got via (24) and the 
result is 0.846Hz. The dynamics of the system is 
investigated with Matlab software when an 
instantaneous short-circuit fault at bus 8 is set and 
a low-frequency oscillation is triggered.  

  
 

 

Fig. 6.  A simple two-area power system 
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Fig. 7.  The dynamic of the system under two 

operation states 
 
The solid line in Fig.7 shows the dynamic of the 

differential rotor angle and rotor speed between 
the two equivalent generators. The oscillation 
frequency is about 0.85Hz which is in accordance 
with the calculated result using the periodic 
solution theory. In order to verify the relationship 
between the inter-connected reactance and the 
oscillation frequency, the dashed line in Fig.7 gives 
out the dynamics of the system when one 
transmission line between Bus 7 and 9 is cut off. It 
is obvious that in the second condition the weaker 
connection will leads to a lower oscillation 
frequency which is in complete accord with the 
explanation in Section II. 

5. CONCLUSION 

In this paper, the low-frequency oscillation 
characteristics of the power system were studied 
using the periodic solutions of autonomous 
Hamiltonian systems. The practical application 
attempt of these nonlinear techniques gives an 
improved knowledge of the low-frequency 
oscillation behavior from a new point of view. The 
primary factors that substantially affect the 
frequency properties of the low-frequency 
oscillations both in SMIB and inter-connected  
 

power system are detailed illustrated. Simulation 
results verify the theoretical conclusions.  

There are some open problems and further 
directions of investigation need to be deeply 
researched in finding the periodic solutions of 
Hamiltonian systems. In particular, the 
multi-periodic problems for a large class of 
infinite-dimensional Hamiltonian system are of 
great concern both in literature and in industry. The 
prospective progress in the periodic solutions of 
the infinite-dimensional Hamiltonian systems and 
strongly indefinite partial differential equations will 
finally provide a powerful tool in studying the 
oscillation properties of the multi-machine power 
system from the nonlinear point of view. 
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