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Abstract. The extended equal area criterion (EEAC) is one of the most important methods to
identification the stability of Multi-generator Power System, and the key of this method isto correctly
identify the critical unit. However, critical units of the existing recognition methods exist some
problems, such as the existing methods in the early fault can not correctly identify critical units, and
need to adopt different parameters to identify critical unitsin different situations. Based on the above
problems, this paper analyzes the advantages and disadvantages of the existing critical unit
identification methods, and proposes an improved method for the identification of critical units. The
improved critical unit identification method uses the real time difference between the mechanical
power and the electromagnetic power of the generator, and the difference is defined as the unit power
difference. Finally, the simulation and analysis results show that the improved method can identify
the critical unit more quickly and accurately.

Introduction

The interconnection between regional power grids is becoming more and more widespread with
power system development, which not only brings great benefits to the social and economic
development, but also generates serious security risks to huge power grid with complicated structure
due to transient stability problems. Several classical casesillustrated that some events with very low
probability might also cause power grid splitting or even large-scale blackout accident for the
interconnected power grid with astrong structure, for example, the large-scale blackout of power grid
in the United States, and Canada, and as well as Indig1-3]. Hence, the higher requirements expected
to be put forward for the emergency control of transient stability of interconnected power network
[4].

Since power systemisahigh-dimensional nonlinear dynamic system, the stability of which can be
solved using the numerical method alone but not be expressed by mathematical analysis. Usually, this
is very time-consuming and not conducive to emergency control of the system. Hence, the current
widely used stability control system conducts transient stability control trough online queries
countermeasure table generated offline after disturbance or failure [5-7]. This method possesses two
flaws. one isthat countermeasure table isimpossibleto consider all the circumstances, and if there are
no corresponding countermeasures, the control system can only handle the relatively severe cases,
which will lead to excessive control. The other is that the numerical calculation is particularly large
for large systems, and the system structure is constantly changing, and recalculating is required
whenever the system structure changes [8-9].

The control method to refresh decision table online is a current hot research topic. In[10], the idea
of online pre-decision and real-time matching is proposed for the first time, and a set of online
pre-decision control system is developed using the parallel computing and Extended Equal Area
Criterion (EEAC), which makes the emergency control technology move a big step forward [11].
However, the critical unit identification, a key step of online decision-making, may be misjudged in
the stable boundary, which will cause emergency control failure, and then the system to lost
instability can only be resolved by splitting of the last defense line of power system, which may cause
large-scale blackout of the regional power grid [12]. Therefore, to identify critical unit isakey step to
perform system stability identification and real-time emergency control using EEAC criterion.
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Presently, there are two main ways to identify the critical unit. One is to use the real-time power
angle data of the generator[13], and the problem is that the correct rate of critical unit identification is
not high in the early stage of fault. The other isto use the real-time power angle and angular velocity
variation of the generator, and the problem is that different Situations need to choose the
corresponding parameters correctly[14]. Inthis paper, anew method of critical unit identification is
proposed to improve the above problems, and the advantages of this method are discussed by
simulation and comparison.

Critical unit group identification method in EEAC

EEAC criterion is to apply the gaps between the generator power angle & to discriminate the critical
unit group. The specific method is that after the system receives the impact, the collected power
angles of the generator are arranged from small to large, and the generator is divided into the critical
unit S-group and the non-critical unit A-group from the place with the largest gap between front and
rear in this arrangement.

E=ﬁmm3
diw 1
I - E (Pm - Pa:] (1)

Equation (1) is the motion equation of generator rotor, from which it can be seen that the changes
of the generator power angle and angular velocity relate to not only the input mechanical power
F,, and output electromagnetic power F, of the generator, but also the tectonic T; rotational inertia of
the generator. In a short period of the system failure or disturbance, there is no obvious angle
difference for the power angle of the generator unit due to the large inertia of the generator rotor.
From this analysis, it can be concluded that the critical unit identification method of EEAC can not
correctly identify the critical unit in some cases.

I dentification method of critical unit group based on the composite power angle

To overcome the flaws in section 3, a method to determine the critical unit group by means of the
composite power angle proposed can be described by in [14]

8 =8+ kAw )

where & is the relative power angle of the generator, Aw is the variable quantity of angular
velocity, and ks the setting value. The decision method isto arrange §_,,,, from small to large, and
the unit group is divided into critical unit and non-critical unit at the place with the largest gap.

Compared with the identification method of critical unit in EEAC, the advantage of this method is
that the k value can be set to get the deom Value with higher resolution. When the angle difference d is
small, the units are grouped by the variation of the power angle and the angular velocity. However, its
disadvantage is the need to collect two variable power angles and angular velocities. And in different
circumstances, in order to get the ideal discrimination of the composite power angle of the generator,
the k value will be different. How to select the appropriate k value is also a difficult thing.
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I dentification method of critical unit group based on unit power difference of generator

Because there are some shortcomings for the above methods in the critical unit identification, this
paper proposes a critical unit identification method based on the unit power difference of the
generator. For single-machine system, the generator rotor equation during fault can be expressed
[15-16]

P E(Pm - Paj (3)

In (3), E,, isthe generator's mechanical power, and F, isthe generator's electromagnetic power. In
the method of discriminating the composite power angle, 4w can be regarded as the change rate of the
power angle ¢ in the equation (3). By taking the derivative on both sides of the first formulain (3), it
can be obtained as:

dt \.dt

d (dé _ desy dw
) de Wo 5t (4)

this formulais substituted into the second formula of (3), then:

d (dé &g _
e ﬁ} = . (Pm - Ps] - dpm—s (5)

In(5), ? (P, — P,) isdefined as the unit power difference AF,, _., wo/T; isthe constant associated

with the generator itself. When the unit power difference 4P, __ isequal to O during the steady-state
operation, the power angle of the generator will not change; when the unit power difference 4B, __ is
greater than O, the input mechanical power of the generator will be greater than the output
electromagnetic power, and the acceleration power angle of the generator rotor will increase; when
the unit power difference AP, _, is less than O, the input mechanical power of the generator will be
less than the output electromagnetic power, and the deceleration power angle of the generator rotor
will decrease.

In the case of stable unit power difference, the acceleration or deceleration speed of the generator
rotor is related to the rotor inertia of the generator. In the transient process, the input mechanical
power must be larger than the output electromagnetic power for the critical unit group; and also inthe
case of the generator rotor acceleration, AF,, __ of the unit with the first instability is larger than that
of other units, so the unit power differencevalue 4E,,_. can be used to identify the critical unit group.

Simulation and comparison

The three kinds of critical unit identification methods are simulated and analyzed as follows. The
simulation model is an 8-machine 36-node model of 500kV-220kV power grid in aregion, as shown
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in Fig.1, and the simulation platform is a comprehensive analysis program of the PSASP power
system. The simulation fault is a three-phase short circuit of AC25 AC line.

Fig.1 8-machine 36-node power grid model

Simulation of critical unit identification in EEAC. The data in Table 1 are the relative power
angles at different times for the generators G1-G8 after the fault is removed.

Tablel Data sheet of relative power angle for generators

Time Relative power angle of the generator/deg

t/s Gl G2 G3 G4 G5 G6 G7 G8
0.07 | 0.063 | 0.402 | 0.076 | 0.332 | 0.224 | 0.042 | 0.253 | 0.247

0.12 | 0.381 | 2472 | 0.469 | 2.083 | 1.418 | 0.233 | 1.562 | 1.500
0.15 | 1.630 | 9.535 | 2.008 | 8.377 | 5.927 | 0.898 | 6.256 | 5.926
0.25 | 7.768 | 33.052 | 9.170 | 32.34 | 25.546 | 3.599 | 25.044 | 23.664

It can be seen from the analysis of Table 1 that the generators' relative power angles are arranged
from small to large as follows at 0.12S after the fault occurs:
06<01<3<05<08<07<54< 02
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The maximum gap is between 63 and 65, and the gap is0.949°. Therefore, G2, G4, G5, G7 and G8
can be identified as the critical unit group, G1, G3 and G6 are the non-critical unit group, and their
relative power angle curve is as shown in Fig.2.
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Fig.2 Relative power angle curve of generator during three-phase short circuit

It can be seen from Table 1 and Fig.2 that the gap of the relative power angle has obvious
difference after 0.1s of fault, and the value is not big, and there is almost no difference in the initial
time of the fault.

Simulation of critical unit identification for composite power angle. In the simulation of critical
unit identification for composite power angle, k=0.01, k=0.1 and k=1 are taken respectively for
comparison. It can be seen from Fig.3 that when k=0.01, there is no obvious difference from using the
power angle discriminant curve of the generator; when k=0.1 and k=1, the performance of using the
maximum gap discrimination of composite power angle is better, and when k=1, it ismore obviousin
the initial time, that is to say, discrimination can be made earlier.
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It can be seen from Fig.3 that the critical unit group in the transient process can be discriminated by
the composite power angle, which not only better conform to the power angle trend, but also has
better discriminating degree inthe case that k value is more reasonable. Asthe reasonable k values are
different in the different cases, it is not easy to find a reasonable value in the case of complex faullt.

Simulation of identification method for unit power difference critical unit. It can be seen from
Table 2 and Figure 4 that the unit power difference APm-e of each unit has changed obviously during
the initial 0.01stime in the transient process, and the gap between the units G3 and G5 is the largest,
and the order of magnitude is in 10, and the change trend of APm-e and the result of discrimination
are the same as those of power angle discrimination and complex power angle discrimination, and the
discrimination can be completed within 0.01s after the fault occurs, and it does not need to carry out

Powerangle & / deg

angle 8/ deg -

Advances in Engineering Research, volume 128

SH ——0G2

—— 53
8 G4
7 GB

+=0.055:

AC25 three phase short circuit.

0.02

0.04

Time t/s

ii). Composite power angle curve (k=0. 1)

22882882

t=0.05s-
AC25 three phase short circuit

P

* 4
.'}__ ¥ %
v

002

004 0.06

) "
0.08 01
Time t/s

L L
012 0.14

1
0.16 0

s
18 02

iii). Composite power angle curve (k=0.01)

Fig.3 Composite power angle curve with different values of K

parameter selection when the complex power angle is discriminated.

Table2 AP value table of the initial period for fault of each generator unit

Time
t/s

Generator relative power angle/deg

Gl

G2

G3

G4

G5

G6

G7

G8

0.01

2914

1986.2

357.7

1644.6

1104.4

184.6

1240.8

1205.3

0.02

303.0

1978.3

376.7

1677.8

1143.0

180.2

1249.5

1186.8

0.03

316.3

1954.3

394.9

1697.2

1178.2

176.7

1253.9

1175.8
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Fig.4 Curve of APm-e varying with the time in the transient process for the multi-generator system

Conclusion

It can be seen from the above analysis that using the unit power difference 4Pm-e can effectively and
quickly identify the critical unit group in the transient process. Although the data within very short
time in the initial period of fault can be used for accurate identification, it needs to capture the
generator power angle and make derivative operation, which virtually increasing the entire time of
identification process. With the increasing operational speed of computer, we believe that the process
of data calculation will be greatly reduced, thus ultimately providing the basis for the practical
application of this method.
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