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Abstract. The impact of community structure on synchronization behavior of oscillatory
complex network is investigated, focusing on the community number. Numerical simulations
show that the bigger community number, the stronger synchronizability of power network
will be. That is, the synchronizability of the network is significantly influenced by community
numbers.
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I ntroduction

The synchronization process of large populations of weakly coupled oscillators often
appears in various systems, and it has been extensively studied in different scientific
communities such as physics, biology, sociology, etc. [1]. Power network is generally formed
by alarge number of oscillators with the purpose is to deliver power from generators to final
consumers [2-4]. A node in power network is defined to be a point at which power isinjected
by a generator or extracted by consumers, or to other points. A link is then defined as a
connection between any a pair of such nodes. It has been demonstrated that many real world
networks show community structure, such as power network [5], communication networks [6],
and so on. To the best of our knowledge, synchronization of power network with community
structure has not been previously investigated. So it is interesting to study the synchronization
of power network with community structure.

Complex network model
Each node is characterized by the same equation of motion with the electric powerp,,

where it generates power (whenP, >0) or consumes power (whenP, <0). The phase of each
element is then described as

0,(t) =Qt+g, (1), (1)
The equation of motion for the phase deviation ¢;(t) is obtained:

Psource,j + Ptrans,j . (2)

Because of the rotation of the mechanical rotors, energy is dissipated

=P

diss, j

+P

acc, j

Pdiss,j = k(HJ )2 ] (3)
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The kinetic energy accumulated is described asfollowi ng:
Pacj = 2' a(ﬁ) (4

And the power transmitted from element i to j iswritten asfollowing:

Pransii = sin(@ -0,). (5)

trans,ij max Jj

Inserting equations (3-5) into equation (2) one gets:
sourcej I¢¢ +k(¢) _Z maxusn(¢|_¢j)' (6)

One finds the equation of motion

N

Poce = 194, +kQ? +[1¢, + 2kQ]p, — z P SIN(S — ;). (7)
We will neglect the term proportional to the acceleration;

¢j:2'<|_9. (8)

Under this hypothesis equation (7) becomes:
IQ¢ = Psourcej sz 2kQ¢ +Z max, ij S'n(¢| _¢j)' (9)
Such equation can be described as:

¢j :Pj_a¢j+KZaijSin(¢|_¢j)l (10)

Synchronization analysis of power network

A skecth is shown in Fig.1, where the big circle is the community of power network, the
small diagrams in ci rcle means the nodes of power network.
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Fig.1 Thetopology of chain community network

The community numbers vary from less to more. A comparsion study between different
numbers of communitiesis shown in Fig.2.
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Fig.2 Order parameter r vs coupling strength K for different community number
Figure 2 depictshow the community number impact the synchronizability of power
network with fixed community strength. From Fig.2, it can be seen that the order parameter r
with n=2is smaller thanr with n=3andn=4. Namely, the bigger community number, the
stronger synchronizability of power network will be.

Thetotal node numbers are unchanged

In the following, adjust the numbers of community to study the performance of order
parameter.
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Fig.3 Order parameter r vs coupling strength K for different community number n.
One can see that order parameter is larger with the decreasing of community numbers. So

the community number plays a positive role on the synchronization of complex network.

Conclusion

This paper investigates the influence of community structure on synchronization for a
power network on coarse scales. Focusing on the community number, we analyze the effects
of community structure on the synchronizability of power network. As for power network
with fixed community strength, it is revealed the bigger community number, the stronger
synchronizability of power network will be.
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