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Dynamic Equivalence Method for Large-scale Power Systems Based on the Random Forest Algorithm
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Abstract: The stability analysis of power system transient voltage, power angle, and frequency is often based
on short-time-scale electromechanical transient simulation, which requires a relatively accurate large-scale
simulation model, which not only has low simulation efficiency but also takes a long time, thus giving rise to the
demand for dynamic equivalence of large power grids. However, as the proportion of new energy increases, the
power system gradually presents some unique characteristics of new power systems, with more significant
differences in system inertia, frequency spatiotemporal distribution, and frequency modulation resource
distribution. Conventional dynamic equivalence methods based on slow coherence theory are gradually difficult to
ensure accuracy. To solve these problems, based on previous work, a large power grid dynamic equivalence method
based on random forest algorithm was proposed. First, the large power system was divided into the study area and
the external area. Then the external area on the opposite side of the study area tie line was equivalent to several
nonlinear dynamic loads controlled by the random forest algorithm. The random forest algorithm was trained using
the original model tie line's voltage/reactive power and frequency/active power relationships. A joint simulation
model based on PSS/E and Matlab platform was established to achieve equivalent simplified electromechanical
transient simulation, and Python environment was used to achieve information exchange and simulation control
between them. Simplified results for the Northeastern United States power grid was presented and compared them
with existing methods. The results show that the proposed method can effectively balance simulation accuracy and
control stability.
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Fig.1 The equivalence model of large-scale power

grid based on random forest algorithm

1.2 BENIHRREEETGE

it L AR PR 1 A1 G Bt AL R A R ML AR A T
R SR BENLYE , R 4R BRI R A P s
e 19 A5 B At U4, I H BB A% 15 1 1 ZE 4k
P4 B BE B AR AR LR A5 8 1) ) g 2 B =
AR ARG AP R B AR B
ML SR B ] 2 s, e R an F

D= A YIS . MR RIE S E b, I i

G R GRS RN R o DL A I P, Q,

15330 T U ZRA S BG4 5 e Fai A O 2 ¢ I 211 -
P v=Q F¢50AE A ¢ i 20 ) DI 254 5 d. 38 53 Boot-
strap fHFE XTI ZREE A TG 55 1] %) RE AR , A2 B
NN ZRF4E

)R LAY s a. N M ASERAE TP BB AL IE B m
A SRR 4 5 b AR B8 S U0 53 2447 AR 58 U0
T AT ANBTRUE R AR LSS R N AT
KRt

3) I AR : a. 38 2k BOIMACE B 17 4% 5
DL, T ¢ i) 220 9 P, Q AELsb. THER A (-5 S

28

{EL A DR 22, I DR E 2 1 8 2 i 2B IR 3R
W DR 2E RV AT T — I 2T H 2 =
b - Fill T FEHLARARIE SR, AR AR

IR Y AR

A A

LPNETE|
iyf-P,v-QIF 5 [
¥
Bootstrapfill i
A REA I 254
¥
FEAE PR

3 P AR A 7
50 R AERL
7 ANBIR A 4
HE PSR
¥
SEUIMBCE- {8
et %P, OfEL

K2 BOHUARME LN R e

Fig.2 The flow chart of random forest algorithm training
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Fig. 3 The flow chart of large-scale grid equivalent

method based on random forest algorithm
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Fig.5 Contingency 1 bus voltage and frequency diagram

(random forest)
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(random forest)
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