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Optimal load distribution method for substations based on inter-line correlations
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Abstract: As the construction of new power systems advances, the spatio-temporal mismatch between the output of
intermittent renewable energy and diversified load exacerbates the peak-valley difference in power grids, leading to an
increased load rate of main transformers and a decline in load balance of each transformer within substations. This
operational trend accelerates the risk of equipment aging and poses potential threats to the safe and stable operation of
the power grid through hierarchical coupling effects. To address this issue, based on the hierarchical partition operation
characteristics of substations and the spatio-temporal coupling relationship of outgoing line loads, a multidimensional
evaluation index of inter-line correlation is proposed, which incorporates load similarity and complementarity. By
comprehensively taking into account the load rate, load flatness, and load balance of the main transformers, a three-
dimensional criterion for optimal load distribution of main transformers is proposed. Furthermore, a multi-objective
optimization model considering load correlation characteristics is developed, and the solution methods of the
enumeration method and genetic algorithm are employed to obtain the Pareto-optimal solution set under multiple
constraints. Empirical validation analysis based on typical 110/35 kV substation cases in East China demonstrates that
the proposed method reduces the standard deviation of the daily load rate of main transformers by 42.7% and the peak-

valley difference rate by 18.3%, effectively enhancing equipment utilization efficiency and operational economy, which
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provides an innovative solution for the lean operation and maintenance of intelligent substations.

Key words: distribution network; substation;

optimization; main transformer line selection
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Figure 1 Hierarchical partition operation of substation
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Figure 2 Load rate curves of two main transformers in

a 220 kV substation within five days
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Figure 5 Solution process of enumeration method for

interval optimization scheme of substation load distribution
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(after optimization)
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515 E2LELR H191EEG KA/

i AT 1Y) T AR AT 1) AT MW
14 0.060 0.319 0.725
18 0.035 0.819 2.265
19 0.019 0.882 2.289
21 0.016 0.873 3.890
24 0.286 0.057 5.651

RI BRERL52FEIEEZERmaomEn
Table 3 Correlation between candidate lines and No.2
main transformer load

s S RACE Y ERACE Y N SNV
A 1) AR A 1) AR AL MW
5 0.080 0.113 1.402
8 0.015 0.967 2.726
9 0.065 0.491 4.053
10 0.057 0.300 1.282
11 0.045 0.396 1.988

FEA T R I A 3 AR ) B E e LM
XoF IO 1) B g R 2R A I 14 R o o F R 1SR A
AR, T R 2 R R AR, TR 3M A EA R
MR, TR BTSSR T
e NN TR o W virk e PI S\ o ol ST W =]
S 11 8] b 4

R4 TEHMGATEBERT R

Table 4 I.oad line replacement scheme during transition period

WIS F by ky by
JFELCEH 9 21) 0.363 0478  0.695  0.026
5% 2( G4 571 24) 0.399  0.474  0.641  0.0376
5% 3( A 9 R 14) 0.374  0.478  0.668  0.021

28f 28f
26} 26}
B 24 ﬁl E 24 ﬂvm B
= 22t = 22t =
& 200 i 20»“x»\_\ﬂv)\r &
& 8 L = 18) - =
AR R
16} TLEin 16} —2 2 F %
14} ‘ TR 14} ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
00:00 06:00 12:00 18:00 24:00 00:00 06:00 12:00 18:00 24:00 00:00 06:00 12:00 18:00 24:00
i 2 i 2 I 21

() Ir £ 1(HAE9F21)

(b)J7 % 2(H 4% 511 24)

()FTHE3(HHIFI14)

El14 FRAB#RFTETHAFTEE

Figure 14

Load curve under different permutation schemes



82 B

g3

2026 4F 1 H

42 HE3SKkVEHI

ZAERL 3L 2 B AR AR, 5 [ 10 kV i far 4R
EAWAEENIOMV-A, Hi 15 348w =0 f
ﬁ%%1%mkﬁ$%ﬁ? UL 0] 25 6 1 2 5
AN FNIE R R o R N S RGN IpZe

1
8
15 348
T —eEs ‘f—’/\
z Or .
=
iE '\/"\/\
& 4f
3,
) . . . . . .
00:00 04:00 08:00 12:00 16:00 20:00 24:00

i 22

B 15 35kV £ &6 547 i & (A 46)
Figure 15 Load curves of main transformers with 35 kV

(initial stage)

AT Py T 2 S RO A S MO T BE AT OR %
S AL TT SRR L 15 4 SR E e,
E%Aﬁ%%ﬂ@wﬁﬁo

6.5
6.0f
5.5¢
5.0
4.0
3.5
2.5¢

— 15 F4E
—2 5 A

L W s

2.0 : ‘ ‘ ‘
00:00 04:00 08:00 12:00 16:00 20:00 24:00
I 21

i faf IMW

B 16 35kV % i T &(KiLis)
Figure 16 Load curves of main transformers with 35 kV

(after optimization)
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