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ABSTRACT: Power system simulation analysis is an
important technology in the field of safety and stability control,
which can be used to formulate and verify emergency control
measures. The traditional manual analysis of simulation data to
decide emergency control measures relies heavily on expert
experience, which is time-consuming and labor-intensive when
applied to complex large power grids. In this paper, a two-stage
emergency load shedding control intelligent pre-decision
method is proposed. The first stage decides the load shedding
point, and the second stage decides the load shedding amount.
Firstly, based on the simulation data, three voltage instability
modes are distinguished: pure voltage instability, coupled
voltage instability and mixed voltage instability, and different
load screening methods are used respectively; Estimate the
total amount of load shedding required for the system to restore
stability, and allocate it according to the load order. Combined
with the temporary stability simulation, the effectiveness of the
control measures is verified, and the amount of decision-
making is adjusted. Taking my country's Northeast Power Grid
as an example, the simulation study verifies the advantages of
the proposed two-stage intelligent decision-making method in
terms of effectiveness, rapidity and accuracy compared with
the fully iterative trial-and-error method when the emergency

control measures of the large power grid are formulated.

KEY WORDS: power grid simulation analysis; transient
voltage instability; emergency control; load shedding; light

gradient boosting machine
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Fig.1 Offline pre-decision framework for emergency load shedding control
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Fig.2 Voltage and power angle curves

under pure voltage instability
2,12 ZEHUE RAR T I R Tk
G IR R AR B e R, 45 20 5 d e 51
{L=u§w”45iﬂwwqq
st. <<V, <V, <<V,

2)

b L BRI IR R ¢ W% KB T IS
(AT A e B RT 2 HEUIG R 0 R 7 VR 19 30 25 8
e e R R B 7 1T
22 MBEHEKLTR
22.1 MERFEIHLR

A U R AR, U R 3 A R 2
B3 FR. TLAUEH, fERE T Tl s 244
N, WEEDIBRE, BREHERSE, MRS A
o RIS BEE RS, 3R
FIRIN R RS . EFHERRT, BMERLHE
IRV, 0 RN AT, k.
R R RN RB R R R AR, —AEMEEE A
DX A 7 B s e A o



S MU RGP B S U R R RE TR 1263

%4 HHEE

215 1000

=R L 500

= ¥

4% 0.5 ] 0

1 1 1 1 _500 1 1 1 1

0 1 2 3 4 5 0 1 2 3 4 5

i H]/s i 1 /s
(a) HLIE (b) TiE

E3 BEREARTEREMIAHZ
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under coupled voltage instability
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Fig. 5 Voltage and power angle curves

under mixed voltage instability
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Power grid simulation analysis is widely used in
power grids It is an important basic support technology
for large power grids, including simulation calculation
and simulation data analysis. An important part of the
simulation data analysis is the emergency control of the

large grid voltage instability based on the simulation data.

As the second line of defense for the secure and stable
operation of power systems, emergency control is an
indispensable and important measure to maintain the
transient security and stability of the system after a
serious fault or disturbance occurs. Load shedding
control is the most effective and commonly used
measure for transient voltage instability.

This paper proposes a two-stage emergency control
decision-making method integrating artificial
intelligence algorithms to improve the effectiveness,
rapidity, and accuracy of offline emergency control
measures. In the first stage, different voltage instability
behaviors are analyzed from the simulation data, and the

effective load shedding locations are sorted based on the
analysis of the simulation data. In the second stage, a
more accurate load shedding amount is estimated from
the simulation data based on the LightGBM algorithm,
and is allocated to the sensitive load points decided in
the first stage according to the sorting order. Fine-tuning
of decision volume.

The framework of emergency load shedding
control of power systems is shown in Fig. 1, which
includes two stages: offline pre-decision and real-time
condition matching. Among them, the offline
pre-decision stage is divided into the generation of the
expected transient voltage instability scene, the
judgment of the dominant instability mode, and the
two-stage emergency load shedding measures. At this
point, the offline pre-decision process of the emergency
load shedding control scheme is completed, and the
operation manual is formed, which is matched and
applied online.
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Fig. 1
The method’s effectiveness has been verified in the
Northeast Power Grid. Given three test sets, contrast with
loop iteration method, the results are shown in Table 1.
This paper integrates the two-stage emergency load
shedding control decision-making method of the
intelligent algorithm. The first stage is based on the
simulation data analysis, and the effective load shedding
points are screened. The second stage estimates the total
decision volume based on a data-driven approach,
distributes it at effective load nodes and fine-tunes the
decision volume combined with transient stability

S2

Offline pre-decision framework for emergency load shedding control

Table 1 Comparison between two-stage decision-making method

and loop iteration method

Test set Algorithm Iterations  Time/s  Load shedding/MW
o Loop iteration 9.43 278.34 909.69
ne
Two-stage 4.58 189.03 863.83
Loop iteration 9.45 277.85 915.20
Two
Two-stage 4.55 185.48 880.65
Loop iteration 9.15 271.51 876.58
There
Two-stage 4.57 185.13 842.82

simulations. The simulation of the Northeast Power Grid
verifies the effectiveness of this method.



