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Optimal configuration of intelligent power switches considering multi-dimensional
emergency load regulation objectives

YAN Pengfei', YANG Zhifang', LIN Wei', ZHANG Yuan', ZHOU Yuging?, LI Xiaotian®, ZHU Rui’
(1. State Key Laboratory of Power Transmission Equipment Technology (Chongqing University), Chongqing 400044, China;
2. State Grid Chonggqing Electric Power Company, Chongqing 400000, China)

Abstract: The installation of intelligent power switch devices in distribution networks, capable of receiving dispatch
control commands from power system operators, represents a critical initiative for enabling rapid demand-side resource
response. To meet emergency load regulation requirements while reducing costs, this paper proposes an optimal
configuration method for intelligent power switch devices considering multi-dimensional emergency load regulation
objectives. First, based on the coupling mechanism between upper-layer and lower-layer intelligent switch operations in
emergency load control systems, the correlation constraints between device installation decision variables and
combinations of load shedding execution variables are analytically established. Subsequently, a mixed-integer nonlinear
programming model is developed to holistically optimize switch installation/operation costs, emergency load regulation
equilibrium, and economic benefits of load shedding. Finally, simulation analyses are conducted using a 9-node primary
distribution hybrid system and a real 341-node regional power system in China with actual load data. The results
demonstrate that the proposed method effectively leverages the functional characteristics and synergistic advantages of
diverse device combinations, achieving enhanced economic efficiency in intelligent switch configuration while satisfying
the grid’s load regulation demands.
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Fig. 1 Distribution of smart switch
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Fig. 2 Unified optimized configuration model framework

for intelligent electricity switchgear
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Fig. 4 Switch configuration situation

] 4 A 2 AT 0L, SO0 AN R D 2R ERA T R
AEH LT RECE RIS A E 57 . It T M5t 1M
PR 25 R 5| R R AN A Th R SRR AL, R e

FH ELF DG HC B S DA S S A AR S A ] s 35 1A
Yy IV R AP Dh 28080 5 H R 53N,
R T B 2 e W 2 AN AN, BBk AT
ANy 5 R 28 S A o e PR e 5| R R R AN ST
N NAN NG TES GRS

] 5 24 e T A AL T B SR S 1 3o R AR S
IR 22 24 5K 2 A AR R S AR AR e FH B O
LR GIRE WA BRI A DL )
M AR RE. R 2 AT, IR
B, FE VBRI i A A ), d s b v ) £ g
B REPRCE B T R R E A, T
LU = AR LA R, (RS SREE SRR
AT IS AW T . B TR SR I3 T, sl
FEHEY) ey, w5 BRI R 2R B H I 2 2 R,
R I R R 5B E AR — T, 4T
RERFULF] 125 MW B, BB ERARE Dol DBk 25
MU, AT AR A T B R TR,
B LR BT LTl N E R IR
Bt RIS EE R PR (%5 TV WA
LA 32% ), 5 fig FH FEL T DA A iE B SR s SR (1)
Z YR SNBSS I Rk
5.3 EA T ZMHPEIA R AV E 58 F B FF X B & TRAK

1) 9 1 55 R GUIE FH £ 37 BT Sl B S

FRHE 5.2 1525 dL A7 5 I B e FH H S e B 3R
W, AR SR A AR SR R B H T R
HUEAE . Fk, TEG—HE —EE&H TARK
P37y S R BE ) FF R B & AL B B SR s, DA T
T A AR A LG B4 1R R e A FE T O DA R 1) £
Ff PR AT V) 7 (RAIE HL D R IEH 84T

il 7 & % AN R R B FH L A
OB E AR, 75 7870 7 L85 37 55 RO AS [E] A A
ST D ZE AT, FE T RS tH A OGBS B B
W IE M I PR T AN T 15 Dt ol P B A g
W7 5N B 2 A A 4 25 A AR CRE L ARAE “ B
U3 S LE A RN ) LA R S IR A AN P R 3 = N R
ST SR A AR AT R CFF L FRAE « 2% s
FOPBIZRERN 7 WERWF TN R .

ZAtE, BRI TS LUK
ity 4 P37 e R A U AR SR S AR B AR I R RE FH FE
FERARAC L B SRS WL 5, 1ZSRmE N AR P g A1
i ER ARG LT 222515 8 fe F U S8 5 HAT V) B
E G4 WSCHR[35] -

B S AT, 9 A RS FIEN 25 b
FEIF AL BE & SR R 2 T s 24 M
FERREH B R, LR TERRHENG H



- 170 - B 2GRy 524

2 HANHSE R B XA E R
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753 B i F T O i A VIt /MW AR pu. BB BT 2R 518 E A pa 25 A /.
I 25 0.1851 1 0.3719
Il A b B A 22 2 B e FF R 50 0.0741 1 0.4228
I 50 0.0741 1 0.4228
HI 24 4y 5. OV AR sl 2%
v ) ) 125 0.2593 0.3333 0.6632
LA R VE Tk 2238 S P o
e () R KT SO AT AT A — AR AR, SR A M3 5 N 45 SR i KA VR R . () B BRI B et 5

BE A RGBT R 558 AT IR —LALBE, SRR RE R BT R 2288 518 8 A B G Bl—— 12 R0 B T SR e B 4
22 BB BEFH HEIT SR SR TR I AR E T LT DR 20 I 8 AR R ME AL . (3) SRR e L 5 S AR TR 3 BE BT SR 22 s 8 AR
DI A AR LAV G i 42 5 R SR(13), WIS 2 4B S R = R

LP(5.2)
N,

s Y L)
N \

LP(4,2)

# BB TSR

5 BN A REE RE R B I XL EC B 3R

Fig. 5 Adaptable switch configuration strategy for muliti scenarios

RUTRATMAH LEERHBIR, [ET MR
FH T A 22 2 B 22 2% A0 e 5%

2) 341 5 s R G e FH HE T AL A0 E B SR s

BHTC 9 T RS N E St W 2 AR B
NI BE FH H T S I A T L SR S 17 A 2 LB FH T
341 TRRSG, 133052 Fr X A 25 FEA [R5 far - i
TSR0 B A i 1 FH 4 1 R e FH T AL e B
S, PTGy SN N A A 1L 58,
112, 258 ) F 2R REH IR, BT TE%EEH
HLF SR e 6 o B 2 2R A 0% HR 4 U A
FEMEHER, FET TERRHBI R %
BN B ARG, DR 58 O g FH LT R
FC B 1 341 719 5 R GV A RSN & APl 5
5.4 HEERITEL 7

N RETRA ST I A AT BRI AL, %
TS FE A FA T ARV BE ) FF ORI e s it 5 4

0.5164

AHLHL, AT REE O WE ARG LKL 341 T4
REEN N A LR BB, NgETE
B REH I R T R G R (G SRR “ T &
—7 )5 EEH B R B RIS (5 SCFR “TT R
TR 20 g VR 2 A AR AT B AT

MR HE TR A B A AR 2R A R R SR AR 25 5, mT DA
RS MR = MMERT AT RBEE HETE )
PLR ARSI (07 & )3 Bl R S 5 m R 2R 6
RN br LERR). EFTE—F, TEHFRFFL
B BRI AR Y, Ty
TS LRI, HARWARETER
ReFH TR, N7 (X AP T kAT LhEE, IR FRIR
fap AN 175 450 B R 7 B AR e R B 5 R I R AR
far P2 25 A AR CBs L FRAE “ B3z st s AR 7 )
DL 5P AN P i g 5 N R A iR g AR
M (R A CHs AR AR “ B3 5P 25 5 AU )
TERNLLEXT S, 159 W RGS 341 TTHE RS Mg
HEAS [A) DA AL TEC B 5 W I 15 AH I 38 A 2 00l L&
3. %4,

TE9 WM RAY, HRLESEERAT M,
TTRTATT R — RS, IRAE 25%. A5
RNTTTH, TR TR RIEZE AR, %k
W3 5 I AR SR T 7.8%, Medids AN
BEARNIRTE 6%; VIR 7T, J7 R Mtk
TR —FRRAREAIR, &M 5P ) i
AR T 1.8%, A 37 5 U 7 fur AR A0 (3R T
6.1%, X TLEEHEHFRLESEERA. KBS
B A PR 4 AN i B DL S V) fai SR B AR 3 S 1 2
X oM AE R, TR T E—F
BREAR, 25 WbEss 5 P28 A RN FRAIK 2.067%, #) i
s G AR BRI 12%.

1 341 WA ARG, R w3 58 A T,
TR A T R — BRI, WAL 40%. A5
RN T, HRAETT R — R RE AR,



MK, F

T 2 AE R U RS R IR RE T HUOT SR AL C B - 171 -

RIITRAGHHREE
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