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Power System Transient Instability Identification Based on Real-time Response Trajectory
ZHU Cunhao, MA Shiying”, ZHENG Chao, LI Penghua
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ABSTRACT: Power system is a complex multi-machine
time-varying non-autonomous system. The real-time response
trajectory obtained by the wide-area measurement system
includes all nonlinear time-varying factors of the disturbance
system, which can provide a basis for the accurate
identification of the system transient instability. In this paper,
the performance of the non-autonomous factors of the system
on the extended phase trajectory was analyzed, based on the
basic principle of the extended phase trajectory characterizing
the transient stability of the disturbed system. Aiming at the
key points on the trajectory that might lead to misjudgment of
the criterion, the influence of non-autonomous factors on the
transient stability criterion was analyzed in detail. Using the
real-time measured power angle and unbalanced power,
auxiliary criteria for identifying non-autonomous factors were
constructed to enhance the reliability of transient instability
discrimination. The instability mode of the disturbed system
was determined by defining the composite power angle, and
the process of transient instability identification based on
real-time response trajectory was presented. At last, numerical
simulations were conducted on IEEE39 bus system and
complex AC-DC hybrid grid. The results verified the validity
of the auxiliary criteria, and proved the accuracy and
predictability of this method to distinguish the transient
instability of power system.

KEY WORDS: wide area measurement system; extended
phase trajectory; non autonomous; transient instability
identification
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Fig.1 Power-angle trajectory of stable and unstable system
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Fig. 2 Extended phase trajectory of disturbed system
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Fig. 3 Influence of non-Hamiltonian factors on extended
phase trajectory
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stability criterion in the point of discrimination
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In actual large-scale power system, the generator is
usually equipped with governor, excitation regulator, etc.
At the same time, the load will change in real time,
which shows dynamic characteristics. Therefore, power
system is a complex multi-machine time-varying
non-autonomous system. The real-time response
trajectory obtained by the wide-area measurement
system includes all nonlinear time-varying factors of the
disturbance system, which can provide a basis for the
accurate identification of the system transient instability.

In this paper, the performance of the
non-autonomous factors of the system on the extended
phase trajectory is analyzed, based on the basic principle
of the extended phase trajectory that characterizing the
transient stability of the disturbed system. Aiming at the
key points on the trajectory that may lead to
misjudgment of the criterion, the influence of
non-autonomous factors on the transient stability
criterion is analyzed in detail, as is shown in Fig. 1 and

Fig. 2.
Using the real-time measured power angle and
unbalanced power, 3 auxiliary criteria for identifying

_—

(a) Power-angle trajectory (b) Power cross in DSP

Fig. 1 Influence of non-autonomous factors on transient stability

criterion in DSP

(a) Power-angle trajectory

(b) Power cross in DCP
Fig. 2 Influence of non-autonomous factors on transient stability

criterion in DCP

S1

non-autonomous factors are constructed to enhance the
reliability of transient instability discrimination. The
instability mode of the disturbed system is determined by
defining the composite power angle, and the transient
instability identification based on real-time response
trajectory is presented as follows:

1) Generalized angular speed: >0, generalized
angular acceleration: >0, intercept value of the tangent
of the trajectory on the y-axis: D,<0;

2) >0, <0, D,20, change rate of trajectory slope:
CRS<0, and power angle difference from dynamic center
point: Adys>l;

3) The amplitude of back swing: Ad,s<m.

In order to verify the validity of the auxiliary
criteria, and prove the accuracy and predictability of this
method to distinguish the transient instability of power
system, simulation software PSD-BPA is used to
perform simulation tests on the IEEE 39 test system and
the complex AC-DC hybrid power grid model.

The simulation study proves that the auxiliary
criteria can effectively evaluate the influence of
non-autonomous factors on the main criterion, and
prevent misjudgment of transient instability. As is shown
in Table 1, the transient instability identification method
based on real-time response trajectory can correctly
identify the transient instability of the system, which
provides a certain time margin for transient stability
control measures.

Table 1 Instability identification of Sanhua power grid

Number of correct cases ~Average

Number

Fault location forecast
of cases Stable Instable .
time/s
Chuanyu grid 10 4 5 0.22
Chuanyu-CC tie line 4 2 2 0.125
Central China(CC) grid 6 3 3 0.2
CC-NC tie line 2 1 1 0.15
North China(NC) grid 4 2 2 0.23
NC-EC tie line 2 1 1 0.21
East China(EC) grid 2 1 1 0.13
DC tie line 5 — 5 0.77
Total 35 15 20 0.3375




