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of Power System  

 

This paper presents a new simple method to identify the coherent groups of generators based on 
two different techniques; the first one is based on six proposed coherency criterions introduced 
by using time response of the linearized power system model; the second one is based on the 
application of fuzzy c-means clustering algorithm (FCM). A new technique of constructing the 
dynamic equivalent of power system is also presented in this work. The results obtained by the 
first technique are compared to those obtained by FCM technique. The proposed method is 
applied on 14-Bus IEEE power system. The obtained results proved that the proposed method is 
highly effective in determining the coherent groups of generators and in constructing the 
dynamic equivalent of power system with high accuracy. 
Keywords: Coherent groups of generator, Fuzzy c-means clustering algorithm, Dynamic equivalents, 
Network reduction, Dynamic aggregation.

 

1. Nomenclature 

δi(t) The rotor angels of ith generator 
∆δi(t) The rotor angle deviation of machine i in PU 
∆ωi(t) The rotor speed deviation of machine i in PU 
∆Pmi The change in mechanical input power of machine i in PU 
ΔPei The change in electrical output power of machine i in PU 
Mi The inertia constant of machine i in PU 
Di The damping coefficient of machine i in PU 
Ei The internal voltage of machine i 
Gij The transfer conductance between node i and j 
Bij The transfer susceptances between node i and j 

'
dx  The D-axis transient reactance of machine i 

Efd Exciter output voltage 

KA Regulator gain 
KF Regulator stabilizing circuit gain 
VS Auxiliary (stabilizing) input signal 
τA Regulator amplifier time constant 
τF Regulator stabilizing circuit time constant 
τR Regulator input filter time constant 
VR Regulator output voltage 

VRmax Maximum value of VR 
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VRmin Minimum value of VR 
VREF Regulator reference voltage setting 
Tg The governor time constant in sec 
Gg The governor gain 
Um The stabilizing signal of speed governor system 

ISEδ The integral of the square of the rotor angle difference 
ISEω The integral of the square of the rotor speed difference 
IAEδ The integral of the absolute magnitude of the rotor angle difference 
IAEω The integral of the absolute magnitude of the rotor speed difference 
MAEδ The max of the absolute magnitude of the rotor angle difference 
MAEω The max of the absolute magnitude of the rotor angle difference 
εi The predetermined accuracy tolerance 

iS  The apparent power injection at the node i 
a  Phase shifting transformer complex turns ratio 

eV  The voltage of the equivalent bus 
Pme Equivalent machine input mechanical power 
De Equivalent machine damping coefficient 
Me Equivalent machine inertia constant 

FCM Fuzzy c-Means clusters 
Jm The objective function 
X data space of generator time-domain responses whose elements are {xj} 
C The number of clusters. 
n The number of generators. 
ci The center of cluster i. 
U The membership matrix whose elements are {μij}. 
μij The degree of relation of generator j to cluster i. 
m The exponent on μij, weighting coefficient. 
dij The distance from xj to Ci. 

2. Introduction 

Because modern power systems are so large, power system analysis programs do not 
usually model the complete system in detail [1]. This problem of modeling a large system 
arises for a number of reasons including: Practical limitations on the size of computer 
memory, the excessive computing time required by large power systems; particularly when 
running dynamic simulation and stability programs, parts of the system far away from a 
disturbance   have little effect on the system dynamics and it is therefore unnecessary to 
model them with great accuracy, often parts of large interconnected systems belong to 
different utilities, each having its own control centre which treats the other parts of the 
system as external subsystems. The computational time can be reduced if the transient 
stability is determined in a reduced order equivalent model of the original system. The 
original system is divided into two systems or areas called the study system, and the 
external system. Fig. (1) illustrates such division. 
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Fig. (1) Partition of the studied Power Systems 

The internal subsystem includes the disturbance and a small number of generators of great 
concern. These generators are severely disturbed and are in general responsible for the 
system instability. The rest of generators are considered in the external system. The 
generators in the external system do not contribute significantly the system instability. Thus 
the dynamic equivalencing technique is applied on these generators only.  Power system 
division is based on the generators close to fault have a tendency accelerate much faster 
than the generators away from the disturbance [7]. A coherent group of generating units, for 
a given disturbance, is a group of generators oscillating with the same angular speed and 
generator terminal busbar voltages in a constant complex ratio. A great deal of work has 
been reported in the literature on determination of the coherent generators in power 
systems. Reference [2] proposed the solution of linearized swing equations and 
identification of machines swinging together through a clustering algorithm. Reference [3] 
used the linearized equation and split the power system into three circles and a pattern 
recognition approach based on the faulted machine acceleration is suggested. Reference [4] 
suggested a method of identifying coherent generators based on the generator inertias and 
system reduced admittance matrix obtained by eliminating the load buses.  Reference [5] 
proposed a method of coherency identification technique based on equal acceleration and 
velocity concepts. Reference [6] suggested a method for coherency identification, which 
does not require the transient stability simulation of the system. The method based on using 
singular points or unstable equilibrium points (UEP) and admittance distance. Reference [7] 
proposed a method of determining the coherent generator groups in the external system 
using a combination of Taylor series expansion in three regions namely: (i) fault period, (ii) 
early part of the post fault period and (iii) later part of the post fault period. Reference [8] 
established the dynamic equivalent models of large-scale power systems based on the usage 
of phase shifting transformer. Reference [9] proposed a method of dynamic aggregation 
using the complex power invariance principle. Paper [10] proposed The electromechanical 
equivalent is formed by three steps; the first stage is the identification of the coherent 
generators based on the correlation between the linearized absolute-angle responses of all 
generators which is assumed as the ratio between the covariance between the rotor angle 
differences between each pair of generators and the multiplication of standard division of 
each generator pair. Reference [11] suggested a method for dynamic reduction of power 
system based on significant and less-significant eignvalues. Paper [12] presented a reduced-
order method for swing mode eign value calculating based on fuzzy coherency recognition. 
Reference [13] presented the application of fuzzy c-means (FCM) clustering to the 
recognition of the coherent generators in power systems. This paper presents a new simple 
method to identify the coherent groups of generators based on two different techniques; the 
first one is based on six proposed coherency criterions introduced by using time response of 
the linearized power system model; the second one is based on the application of fuzzy c-
means clustering algorithm (FCM). The obtained results proved that the proposed method is 
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highly effective in determining the coherent groups of generators and in constructing the 
dynamic equivalent of power system with high accuracy. 
 
3. Mathematical Model 
 
The classical model is the simplest model used in studies of power system dynamics and 
requires a minimum amount of data. This model is based on the following assumptions.  
 

1. Mechanical power input is constant. 

2. Damping or asynchronous power is negligible. 

3. Constant-voltage-behind-transient-reactance model for the synchronous machines 
is valid. 

4. The mechanical rotor angle of a machine coincides with the angle of the voltage 
behind the transient reactance. 

5. Loads are presented by passive impedances. 

The swing equation for machine number i can be described in a linearized form as follows: 

                 , 1, 2,...,i
i mi ei i i

dM P P D i n
dt
ω ωΔ

= Δ −Δ − =                   (1) 

                                 , 1, 2,...,i
i

d i n
dt
δ ωΔ

= Δ =                                         (2)  

 
The power into the network at node i, which is the electrical power output of machine i , is 
given as follows: 
                                                       Re( )i i iP E I=                                               (3) 

2

1

cos( ), 1,2,...,
n

ei i ii i j ij ij i j
j
j i

P E G E E Y i nθ δ δ
=
≠

= + − + =∑  

      2

1

[ sin( ) cos( )], 1,2,...,
n

i ii i j ij i j ij i j
j
j i

E G E E B G i nδ δ δ δ
=
≠

= + − + − =∑    (4) 

                                                                
The set of equations (1) and (2) are sets of n-coupled nonlinear second-order differential 
equations. It can be rearranged in state space model for n generators as follows: 
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                                                                                                                                           (5.a) 
Or                         X AX BU= +                                                                                (5.b) 
Where 1 2 1 2 1 2[ , ,..., , , ,..., ] , [ , ,..., ]T

n n m m mnX U P P Pδ δ δ ω ω ω= Δ Δ Δ Δ Δ Δ = Δ Δ Δ  
and the diagonal and off-diagonal elements Kii, Kij are as follows: 

                                        
1 ei

ij
i j

PK i j
M δ

∂Δ
= − ≠

∂Δ
 

                                    
1 [ sin( )]i j ij i j ij

i

E E Y
M

δ δ θ= − − −                (6)  

                                       
1 ei

ii
i i

PK
M δ

∂Δ
= −

∂Δ
                                                    

                                              
1

1 [ [ sin( )]]
n

i j ik i k ik
ki
k i

E E Y
M

δ δ θ
=
≠

= − − −∑             (7) 

A static reduction is performed on the original power system in order to obtain the 
generator nodes only. This reduction is obtained by the following expression. 
                                              1( )red

mm mr rr rmY Y Y Y Y−= −                                       (8) 
Where subscript m denotes the generating bus and r denotes the load bus. The bus 
admittance matrix used in eqn. (6) and eqn. (7) is redY as model is used after static 
reduction of power system. It is important view to represent the synchronous machine in 
high order state space model taking in consideration the modeling of excitation system and 
the modeling of speed-governor system. The excitation system that is used is IEEE Type -1 
system which is shown in Fig. (2).  
 

 

 
                                  

      
 

 

 
Fig. (2) IEEE Type one excitation system 
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From Fig. (2) One can write the matrix form of the excitation system as follows: 

1 1

3 3

1 0 0

( ) ( )

1 ( )
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F A F A F A F A
FD FD

A A A
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R R R A
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V V
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τ τ τ τ τ τ τ τ

τ τ τ τ
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−⎢ ⎥ ⎢ ⎥
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⎢ ⎥ ⎢ ⎥⎢ ⎥ ⎢ ⎥⎣ ⎦⎣ ⎦ ⎢ ⎥ ⎢ ⎥
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⎣ ⎦ ⎣ ⎦

                  (9) 

 
On the other side, by the simplified model of the speed governor transfer function is given 
as follows: 

                            
1

1( )

m

g g
m

o

P
G S TU S δ
ω

=
+−

                                           (10) 

Where Tg is the governor time constant in sec, Gg is the governor gain; Pm is the input 
mechanical power and Um is the stabilizing signal of speed governor system. Finally; the 
linearized form of eqn. (10) is: 

                                 
1 1( ) ( ) ( )g

m m m
g g o g

G
P U P

T T T
ω

ω
Δ = − Δ − Δ                          (11) 

From eqns. 1, 2, 9 and 11, one can get the overall model of one generation unit 
(synchronous machine, exciter and speed governor) as follows:   

                                X AX BU= +                                                                  (12) 

Where 1 3[ , , , , , ], [ , ]FD m s mX V V E P and u V uδ ω= Δ Δ Δ Δ Δ Δ = , on the other side 
for multi machines system one can get the overall state space model as in eqn. (12) with the 
following definition: 
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4. Proposed Technique 
 

In this section the proposed two different techniques of the identification of the coherent 
generators, the dynamic aggregation and the calculation of the new transmission lines are 
presented.  
 
4.1 The First Proposed Technique for coherency identification 
 

In this section; the first proposed technique of the identification of the coherent generators 
is described. The proposed coherency algorithm is based on six proposed coherency 
criterions as follows:  
1) ISEδ: the integral of the square of the rotor angle difference. 

        1 0

1( ( ( ) ( ))
T

i jS t t dt
T

δ δ= Δ −Δ∫                                                                 (13) 

2) ISEω: the integral of the square of the rotor speed difference. 

          2 0

1( ( ( ) ( ))
T

i jS t t dt
T

ω ω= Δ −Δ∫                                                                (14) 

3) IAEδ: the integral of the absolute magnitude of the rotor angle difference. 

   3
0

1 ( ) ( )
T

i jS t t dt
T

δ δ= Δ −Δ∫                                                                           (15) 

4) IAEω: the integral of the absolute magnitude of the rotor speed difference. 

         4
0

1 ( ) ( )
T

i jS t t dt
T

ω ω= Δ −Δ∫                                                                       (16) 

5) MAEδ:  the max of the absolute magnitude of the rotor angle difference. 
 

         5 max ( ) ( )i iS t tδ δ= Δ −Δ                                                                               (17) 
6) MAEω:  the max of the absolute magnitude of the rotor angle difference. 

         6 max ( ) ( )i iS t tω ω= Δ −Δ                                                                             (18) 
The obtained values of the coherency index (Si, i=1, 2,…, 6) are arranged in an ascending 
order. A generator pair (i, j) in the external system is said to be coherent if they satisfied the 
following condition: 

                             , 1,2,...,6i iS iε≤ =                                                           (19)  
Where εi is a predetermined accuracy tolerance for each proposed coherency criterion. 
 
4.2 The second Proposed Technique for coherency identification 
 

In this section; the proposed method of identification of coherent groups of generators using 
FCM is described. FCM is a method of clustering which allows one piece of data to belong 
to two or more clusters. This method (developed by Dunn in 1973 and improved by Bezdek 
in 1981) is frequently used in pattern recognition. FCM algorithm [14] uses concepts of n-
dimensional Euclidean space to determine the geometric closeness of data points by 
assigning them to various clusters and then determining the distance between the clusters. 
The distance between points in the same cluster will be considerably less than the distance 
between points in different clusters. The most widely used objective function for fuzzy 
clustering is the weighted sum of the squared errors within groups. The objective function 
Jm can be defined as: 
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                          2

1 1

( , , )
c n

m
m i ij ij

i j

J U C X dμ
= =

=∑∑                                         (20) 

First; the coherency measures are derived from ISEδ and ISEω to reveal the relations 
between any pair of generators then; finally; they are used as the initial membership matrix 
in the FCM clustering.. The obtained results by each Cij are compared. The index is further 
normalized to become: 

                        
max( )

ij
ij

ij

S
S

S
′ =                                                (21)  

Finally, the coherency measure is obtained by  
                          

                           1ij ijC S ′= −                                                                         (22) 
Obviously, 0≤Cij≤1and Cii=1and Cij=Cji The association between the pair of generators and 
can be evaluated by the value of Cij. A larger indicates that generator i and generator j are 
more similar in the time domain. The clustering procedures of using the coherency 
measures as initial values in FCM method can be formulated as shown in Fig. (3). 
 

4.3 Proposed Dynamic Aggregation 

After the coherent groups of generators are identified, the generators in each group can be 
aggregated to an equivalent generator, the construction of the dynamic equivalent reduced 
circuit, as the coherent generators are replaced by one equivalent generator. The proposed 
form to calculate the mechanical power, inertia constant and damping coefficient are as 
follows: 

                                                 
1

m

me mi
i

P P
=

= ∑                                                                (23)  

                                                1

m

i i
i

e
T

S M
M

S
==
∑

                                                        (24) 

                                                1

m

i i
i

e
T

S D
D

S
==
∑

                                                           (25) 

Where Si is the MVA of machine no. i and ST is the total MVA of coherent machines. 
 
4.4 Determination of Equivalent Transmission Network 

In this section, there are a proposed form to calculate the new transmission lines parameters 
which is based on the apparent power injected at the equivalent bus must be equal to the 
sum of the powers injected at the aggregated bus of the coherent generators and using an 
ideal transformer with complex turns ratio to the equivalent bus at each terminal bus of the 
coherent generator. The turn’s ratio of the ideal transformer is given by: 

                                                          i
i

e

Va
V

=                                                         (26) 

Where eV is the voltage of the equivalent bus. The final form of the proposed symmetrical 
aggregated reduced bus admittance matrix is shown in eqn. (27): 
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Fig. (3) Flow chart of the fuzzy C-Means clustering 

l=l+1 

Is tk=tfinal 

Compute the distance between generator j and cluster center I   
  

Update the membership matrix by 

 

Select the next sampling instant 

Select the number of clusters (c), set the initial sampling 
instant tk and set iteration count l=1 

Initialize the (c×n) membership matrix U U(l)=[Cij]  i=1,…., c 
, j=1,…., n 

Calculate the cluster center Ci
(l)  

Determine the time response value of generator j {xj} at the 
corresponding sample instant 

Defuzzify the convergent U of the final sampling instant 

End 

No 
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Input the coherency 

measure Cij tolerance ε 

Construct (n×n) fuzzy relation matrix R, R=[Cij], 
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* *

*( )

T T
mm mmt

T T
mmt mtmt

a Y a a Y

a Y Y

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

                                       (27) 

Where subscript m denotes the coherent generators and subscript mt denotes the total 
generators. 
 

5. Numerical Analysis 

In this section, the proposed method is applied on 14-Bus, 5 Machine IEEE System power 
system. The single line diagram of the IEEE 14-bus standard system is shown in Fig. (4). It 
consists of five synchronous machines  

  

  
Fig. (4) The single line diagram of 14-Bus IEEE system 

 
Assume that an open circuit occurs at bus 4. Table (1) shows the calculated si, i=1,…,6. Fig. 
(5) and Fig. (6) show the time responses of all generators during the fault. Assuming the 
values of error levels as a percentage of the maximum values of the proposed coherency 
criterions as ε1=0.3 rad, ε2= 0.04 rad/sec, ε3=0.3 rad, ε4=0.02 rad/sec, ε5=0.4 rad and ε6=0.2 
rad/sec.; one can get that the coherent generators are G1, G2 and G3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. (5) The response of 14-Bus IEEE system after removing the bus no. 4 from the original 
system 
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Table (1) the ascending rank of the coherency criterions 

 

 

 

 

 

 

 

 

 

 
 

 
 

Fig. (6) The rotor angle deviation differences of 14-Bus system after removing bus no. 4 
 
The original system has 14 nodes and 5 generators; while the reduced system has 3 
generators only one of them is the equivalent machine of coherent generators, G4 and G5 
and 3 nodes. Table (2) shows the first proposed coherency measures that represent ISEδ 
which are derived from the time-domain response of generators for that disturbance. The 
selected sample period is 1.3 sec, assuming that the convergent tolerance is given as ε= 
0.01 and the maximal iterative times is 100. The elements of convergent membership 
matrix at the final sampling instant of the 3-cluster scheme are sown in Table (3). 

Ranking 
of S1 

Ranking 
of S2 

Ranking 
of S3 

Ranking 
of S4 

Ranking of 
S5 

Ranking 
of S6 

S2-3 0.1003 S1-2 0.0143 S2-3 0.0971 S1-2 0.005 S2-3 0.221 S2-3 0.0894 

S1-2 0.269 S2-3 0.0164 S1-2 0.2668 S2-3 0.006 S1-2 0.319 S1-2 0.0966 

S1-3 0.3678 S1-3 0.0273 S1-3 0.3639 S1-3 0.01 S1-3 0.516 S1-3 0.1607 

S4-5 1.2371 S4-5 0.0654 S4-5 1.2114 S4-5 0.022 S4-5 1.82 S4-5 0.3741 

S3-4 2.4897 S3-4 0.1069  S3-4 2.4513 S2-4 0.038 S3-4 3.489 S3-4 0.4785 

S2-4 2.5857 S2-4 0.1081 S2-4 2.5484 S3-4 0.039 S2-4 3.502 S2-4 0.5479 

S1-4 2.8536 S1-4 0.1161 S1-4 2.8152 S1-4 0.04 S1-4 3.791 S1-4 0.5875 

S3-5 3.7261 S2-5 0.1677 S3-5 3.6627 S2-5 0.059 S3-5 5.309 S2-5 0.8182 

S2-5 3.8217 S3-5 0.1684 S2-5 3.7598 S3-5 0.06 S2-5 5.315 S1-5 0.8503 

S1-5 4.0893 S1-5 0.1741 S1-5 4.0266 S1-5 0.061 S1-5 5.566 S3-5 0.8526 
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Table (2) the first proposed coherency measures between generators of 14-Bus system 
 

 
 

Table (3) The Elements of convergent membership matrix at the final sampling instant of 
the 3-cluster scheme for 14-Bus system due to ISEδ  

 

 

 

 

In the cluster group 3, the elements of G1, G2 and G3 are, respectively, 0.9864, 0.9990and 
0.9892, and are very close to 1, which proves that they form this cluster. From Table (3) 
one can derive that there are three cluster groups: Cluster group 1 contains G4. Cluster 
group 2 contains G5. Cluster group 3 contains G1, G2 and G3.  Table (4) shows the second 
proposed coherency measures that represent ISEω. 

 
Table (4) the second proposed coherency measures between generators of 14-Bus system 

 

 
 

 

 

 
The elements of convergent membership matrix at the final sampling instant of the 3-cluster 
scheme are sown in Table (5). 
 

Table (5) The Elements of convergent membership matrix at the final sampling instant of 
the 3-cluster scheme for 14-Bus system due to ISE ω  

 
 G1 G2 G3 G4 G5 

   Cluster 1 0.010855 0.00080401 0.0092877  1 9.2977e-9 
Cluster 2 0.98443 0.99888 0.98724 4.4448e-8 1.2494e-9 
Cluster 3 0.0047113 0.00031601 0.0034753 1.329e-7 1 

 

From Table (5) one can derive that there are three cluster groups:  Cluster Group 1 contains 
G4. Cluster Group 2 contains G1, G2 and G3. Cluster Group 5 contains G5. It is derived that 
the obtained results for using ISEω as the coherency measures is the same for using ISEδ as 
the coherency measures. Fig. (7) show the clusters group’s centers and the membership 
matrix for each iteration. It is clear that the results obtained by the proposed FCM algorithm 
are the same results obtained by the first proposed technique. Table (6) shows the 

              ∆δ1   ∆δ2 ∆δ3 ∆δ4 ∆δ5 
∆δ1 1  0.9342 0.9101 0.3022 0 
∆δ2 0.9342 1 0.9755 0.3677 0.0654 
∆δ3 0.9101 0.9755 1 0.3912 0.0888 
∆δ4 0.3022 0.3677 0.3912 1 0.6975 
∆δ5 0 0.0654 0.0888 0.6975 1 

 G1  G2 G3 G4 G5 
Cluster 1 0.0094 0.0007 0.0078 1.0000 0.0000 
Cluster 2 0.0041 0.0003 0.0030 0.0000 1.0000 
Cluster3 0.9864 0.9990 0.9892 0.0000 0.0000 

 ∆ω1 ∆ω2 ∆ω3 ∆ω4 ∆ω5 
∆ω1 1 0.9179 0.8432  0.3331 0 
∆ω2 0.9179 1 0.9058 0.3791 0.0368 
∆ω3 0.8432 0.9058 1 0.3860 0.0327 
∆ω4 0.3331 0.3791 0.3860 1 0.6244 
∆ω5 0 0.0368 0.0327 0.6244 1 
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parameters of the equivalent machine and the bus admittance matrix of system after 
aggregation.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

  

 

 

 

Table (6) the parameters of the equivalent machine 
 

The aggregated bus 
admittance matrix 

(pu) 

The 
armature 
resistance 

Ra (pu) 

The 
mechanical 
power Pme 

(pu) 

The 
transient 
reactance 
xde (pu) 

The 
damping 

coefficient 
Deq (pu)  

The 
inertia 

constant 
Meq  
Sec)(  

Ye-e=2.7439-7.1105i  
Ye-4=0.0141+0.7316i,  
Ye-5=0, Y4-4=1.1235-
5.7276i, Y4-5=-
0.1972+ 0.8054i and 
 Y5-5=0.1220 - 3.3360i  

0.0003 14.1819 0.4165  10.4878 54.2637 

 

The effect of system modeling, system parameters and system loading conditions is studied. 
When a symmetrical three-phase short circuit fault occurs at bus number 3 and cleared by 
opening line (3-4) after 5- cycles (0.1 sec); it is found that the coherent generators are: G2, 
G4 and G5. When the high order system (each machine has six states which are ∆δ, ∆ω, ∆V1, 
∆V3, ∆Efd and ∆Pm) are the same for the low order model of the generator (each machine has 
two states which are ∆δ and ∆ω). Fig. (8) show the speed of G1 in the low-order model and 
in the high order model. The effect of system parameters can be divided to the effect of 
changing the inertia constant, transient reactance and damping coefficient on the coherent 
generators. The effect of changing the inertia constant is shown in Table (7) and Fig. (9). It 
is derived that the changing of inertia constant has a small effect on changing the coherent 
generators. The effect of changing the machines damping coefficients is shown in Table (8) 
and Fig. (10). From Table (8) it is derived that when the damping coefficient is increased 
the coherent generators are changed from those obtained in the base case.  
 
 

Fig. (7) The cluster groups centers and membership matrix for 14-Bus IEEE system three clusters 
algorithm 
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Table (7) The effect of Changing the inertia constant on 14-Bus system  

Parameters of the equivalent machine  
 Coherent 

Generators Meq  
(pu) Kdeq (pu) Pmeq 

(pu) 
Xd

’ 

(pu) 
Decreasing by 

80% G2, G4 and G5 0.5712 0.4495 -10.0741 0.5629 

Decreasing by 
66.7% G2, G4 and G5 0.9520 0.4495 -10.0741 0.5629 

Base Case G2, G4 and G5 2.8559 0.4495 -10.0741 0.5629 
Increasing by 

200% G2, G4 and G5 8.5678 0.4495 -10.0741 0.5629 

Increasing by 
400% G2, G4 and G5 14.2797 0.4495 -10.0741 0.5629 

Fig. (8) The speed of generator No. 1 in the low order model and in the high order model  

Fig. (9) The effect of changing the machines inertia constants on the speed of  
generator No. 4 
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The third term is the transient reactance’s of generators; Table (9) and Fig. (11) show the 
effect of changing the machines transient reactance’s on the coherent generators. From 
Table (9); one can derive that the change of the machines transient reactance's has a large 
effect on the coherent generators. Finally; the effect of loading conditions are studied. The 
first technique is changing the load active power and assuming constant reactive power. 
Table (10) and Fig. (12) show the coherent generators at varying load active power. From 
Table (10) one can derive that; by decreasing the load active power the coherent generators 
are changed from those obtained in the base case.  

 

 

 

 

 

Table (8)  The effect of Changing the damping coefficient on 14-Bus system 

Parameters of equivalent machine  
 Coherent 

Generators Meq  
(pu) 

Kdeq  

 (pu) 
Pmeq 
(pu) 

Xd
’ 

(pu) 
Decreasing by 

80% G2, G4 and G5 2.8559 0.0899 -10.0741 0.5629 

Decreasing by 
66.7% G2, G4 and G5 2.8559 0.1498 -10.0741 0.5629 

Base Case G2, G4 and G5 2.8559 0.4495 -10.0741 0.5629 

Increasing by 
200% 

G1, G2, G4 and 
G5 3.30769 1.92708 6.0267 0.4138 

Increasing by 
400% 

G1, G2, G4 and 
G5 3.30769  3.21180 6.0267 0.4138 

Table (9)  The effect of Changing the transient reactance on 14-Bus system  

Parameters of equivalent machine   
 Coherent 

Generators Meq  
(pu) Kdeq (pu) Pmeq 

(pu) 
Xd

’ 

(pu) 
Decreasing by 

80% 
G1, G2, G4 and 

G5 3.307693 0.64236 6.9267 0.0828 

Decreasing by 
66.7% 

G1, G2, G4 and 
G5 3.307693 0.64236 6.0267 0.1379 

Base Case G2, G4 and G5 2.8559 0.4495 -10.0741 0.5629 
Increasing by 

200% G4 and G5 0.6325  0.1250 -3.8066 1.4917 

Increasing by 
400% G4 and G5 0.6325 0.1250 -5.0983 2.4862 
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Table (10) The effect of Changing the load active power  on 14-Bus system 
 

Parameters of equivalent machine  
 Coherent 

Generators Meq  
(pu) 

Kdeq 
(pu) 

Pmeq 
(pu) 

Xd
’ 

(pu) 
Decreasing 

by 80% 
G1, G2, G4 and 

G5 3.307693 0.64236 6.5378 0.4138 

Decreasing 
by 66.7% 

G1, G2, G4 and 
G5 3.307693 0.64236 6.0267 0.4138 

Base Case G2, G4 and G5 2.8559 0.4495 -10.0741 0.5629 
Increasing 
by 150% G2, G4 and G5 2.8559 0.4495 -14.6530 0.5629 

Increasing 
by 200% G2, G4 and G5 2.8559 0.4495 -16.7850 0.5629 

Fig. (10) The effect of changing the transient reactance’s on the speed of 
generator No. 4 for 14-Bus IEEE system

Fig. (11) The effect of changing load active power on the speed of 
generator No. 2 for 14-Bus IEEE system  



 
 

 17 

The second technique is changing the load reactive power and assuming constant active 
power. Table (11) and Fig. (13) show the coherent generators at varying load reactive 

power. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
From Table (11) it is derived that the changing the load reactive power on the coherent 
generators; has the same effect of changing the load active power. 
 
6. Conclusion 

This paper presents a new simple and an accurate method of identifying the coherent 
groups of generators based on two different proposed techniques; the first one is based on 
six proposed coherency criterions introduced by using time response of the linearized 
power system model; the second one is based on the application of fuzzy c-means 
clustering (FCM). The FCM clustering approach is used for processing the computed 

Table (11) Effect of Changing the reactive power  on 14-Bus system 

Parameters of equivalent machine  
 Coherent 

Generators Meq  
(pu) Kdeq (pu) Pmeq 

(pu) 
Xd

’ 

(pu) 
Decreasing 

by 80% 
G1, G2, G4 and 

G5 3.3076933 0.64236 6.0346 0.4138 

Decreasing 
by 66.7% 

G1, G2, G4 and 
G5 3.307693 0.64236 6.0346 0.4138 

Base Case G2, G4 and G5 2.8559 0.4495 -10.0741 0.5629 
Increasing 
by 150% G2, G4 and G5 2.8559 0.4495 -21.4744 0.5629 

Increasing 
by 200% G2, G4 and G5 2.8559 0.4495 -21.4410 0.5629 

Fig. (12) The effect of changing load reactive power on the speed of 
generator No. 2 for 14-Bus IEEE system  
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coherency measures and the clustering of generator groups at different prescribed number 
of coherent groups can be obtained.  Also a new proposed algorithm of constructing the 
dynamic equivalent of power system is presented in this work. The calculations of the 
parameters of the new transmission lines are also presented. The effect of system 
parameters, modeling and loading conditions are also studied. It is found that the changing 
of machines inertia constants and machines modeling have a small effect on the coherent 
generators, while The machines damping coefficients, transient reactance’s and loading 
conditions  have a large effect on the coherent generators. 
The obtained results show that the coherent groups of generators are dependent on the type 
and the location of disturbance. The proposed method is highly effective in determining the 
coherent groups of generators and in constructing the dynamic equivalent of power system.  
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