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Abstract: A new method for the assessment of cascading failures in power grids is presented. This method is helpful to
investigating cascading failures from the configuration of power grids by using complex networks theory. The topological
model of power grids is established by defining the impedance of transmission lines and transformers as connection weights.
The indices of centrality characteristics of power grids are given. The critical threshold model of cascading failures in power
grids is explored based on the principle that a failed edge causes redistribution of instant power flow only to its neighboring
edges. Taking IEEE 118-bus test system as example, we find its central vertexes by calculating those indices of centrality
characteristics of power grids. The weighted model is more efficient than conventional ones in exhibiting vertexes, and
closer in characteristics to real transmission grids. By using the system threshold model, we calculate the threshold value
of cascading failure in grids under four typical attacking modes, revealing the mechanism of cascading failures.
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2 (Analysis of
weighted topological model of power grids)

.

( ) , .
10 kV ,

.
,

,
, .

,
.

(
, ), ,

.
, ,

, ,
(

) (
)
.

,
5 :

1) i (degree): i

. i .
,

, . ,
,

, ,
, .

si (node strength):

si =
∑

j∈Γi

ωij, (1)

: Γi i , ωij ij .
.

,
, si = ki.

(degree distribution):
k P (k) k .

P (s).

2) i (clustering coefficient)Ci:
i ki , ki ti

,
ki · (ki − 1)

2
, ij ωij ,

i si, aij ,
Barrat[17]

Ci =
1

si(ki − 1)
∑

j,h

(ωij + ωih)
2

aijaihajh, (2)

ωij , ,
, .

,

Ci =
2ti

ki(ki − 1)
. (3)

C =
1
n

n∑

i=1

Ci. (4)

(4)
, .

3) (average path length)L:
n dij



11 : 1609

.

L =
1

n(n − 1)
∑

i�j

dij. (5)

dij i j

, ,
. , ωij ,

, , .

4) i (closeness centrality):
i .

Cc(i) =
∑

s<t

dst. (6)

5) m (betweenness):

Cb(m) =
∑

i<j

bij(m), (7)

bij(m) i j dij

m . .
,

. (betweenness dis-
tribution) Cb

P (Cb) Cb .

,
, ;

, .

3 (Threshold
model of analyzing cascading failure of
power grids)

,
, ,

.
, ( )

, ,
, 1 .

1
Fig. 1 Illustration of local power-flow redistribution after a
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4 (Case study)

4.1 (Centrality characteristics
of power grids)

IEEE 118 [18],
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1 IEEE 118
Table 1 Topological characteristic parameters in IEEE

118-bus test system

0.1651 0.0207 0.0247
6.2027 0.6348 4.3732

310.5593 379.4661 185.0848
118 118 118
179 179 169

( ) 3.0339 0.3965 2.8644

2 IEEE 118
Table 2 Centrality parameters of weighted topological model in IEEE 118-bus test system

9 8 7 7 6 6 6 6 6 6
id 49 100 12 80 17 37 59 69 77 92

1.9967 1.5146 1.2731 1.2602 1.1080 0.9712 0.9699 0.9057 0.8500 0.8440
( ) id 49 100 69 59 92 70 80 54 77 15
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( ) id 65 38 68 30 81 80 69 8 17 66
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( ) id 65,68 38,65 38,30 68,81 80,81 8,30 68,69 65,66 17,30 5,8

44.54 44.96 45.47 46.19 47.13 47.77 47.85 47.87 47.90 49.69
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2 IEEE118

Fig. 2 Topological diagram of IEEE 118-bus test system

3 118

Fig. 3 Degree distribution in IEEE 118-bus Test System

4 118

Fig. 4 Betweenness distribution in IEEE 118-bus test system

4.2 (Analysis of robustness of
power grids)
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Fig. 5 Simulation result corresponding to attack mode 1

6 2

Fig. 6 Simulation result corresponding to attack mode 2

7 3

Fig. 7 Simulation result corresponding to attack mode 3

8 4

Fig. 8 Simulation result corresponding to attack mode 4



1612 28

5 8 , Tc1 > Tc2 > Tc3 > Tc4,
,

.

. , Tc

, ,
.

Tc ,
, , , Tc

, ,
. ,

,
.

5 (Conclusion)

,
,

. IEEE 118 ,

, . ,
,

.

(References):

[1] DUFFY C. Blackout watch[J]. Protection, Automation & Control
World, 2010(3): 34 – 35.

[2] WATTS D J, STROGATZ S H. Collective dynamics of ‘small-world’
networks[J]. Nature, 1998, 393(6684): 440 – 442.
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