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ABSTRACT: With the construction of new power systems,
users' demand for power supply reliability is increasing day by
day, and the optimal deployment of switches, as the main
executing device in the self-healing process of distribution
networks, plays a key role in improving the reliability of
distribution networks. The new soft open point (SOP) has the
characteristics of real-time response and voltage support, which
can replace the contact switch in traditional distribution
networks, so as to realize the flexible interconnection between
the feeders, and provide a new approach for improving the
reliability of distribution networks. To this end, this paper
proposes an optimal deployment model of multi-type switches
in flexible distribution networks with explicitly integrated
reliability — expression, which delivers a fine-grained
characterization of the action coupling relationship between
flexible switches and traditional switches in different stages of
the self-healing process of distribution networks, and
establishes an explicit analytical relationship between different
switch types and system reliability indicators, so as to obtain
the optimal multi-type switch deployment scheme. Finally, the
model is tested by a distribution network example to verify its

correctness and effectiveness.
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Fig. 1 Comparison of reliability based planning methods for distribution network switch
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E SOP i 44 J0U Al S M F8 b 4R T+ VR FH LA S AL )
ERE

AR SCHR[251H FIRC B N 58], R R
9 20kV, B HE R AT ST A RS RS S % I .

X

B0 B-E @)
4) ® @@ @
> @ @

8

(8) 4075 sl ic HEL A T S i B4 2R

XA ohy SOP Il il Fdr, ASCIEE A 20 45 1o
NEEYEIEERAE SOP A, #E N SOP A
2%; ks ks SOP 25 & #5228 % A 1) bL A9 R 4
W E A 308.8 T/KV-AP®, SOP AEWEN
1IMVA. REGUIHREE G 574 i S &5k R0k
5E N 14 T6I(KW-h)E7,
4.1 EEMEFIFFXEBELERUNBEETIZESHT

FEF AR I IEAS B 40 75 AL oL Y FF A
BEERWNE 6()FTN, H R4 5 m N4 (7,10).
(21,24)LL 2 (34,36), SOP Z23E{E£: 1% (21,24) I

DAL % (38, 12) M b Al , 43 4¢%% SOP J& I
B E @R MERAE, R4k FD e,
A B T 6(b) s, w2 i o ST HL YR — I
Writs ge Wi, JE ELBCZE 2k 1) SOP M4, sk
P EHJERGE . BEE, T 10—15. AL 24,
AL25 DL A5 36 BT B AL 5 e 28 2 A
FKEpEH,

FI BB R AR UTE 6(c) o, LA i
% 11t RCS WidF, K hbmak i e 4=, A Uhiess
2 b1 SOP k& TAEX IS 4k, {H3ZFR-T SOP
MRS, TEEBKE A U, 2ik(11,15) B
RCS Zh{EVIRR 715 4 10 FI9 45 11, kR H A
AU o

SR BT RG R E 6(d)Frw, Bl MS
S AL, R 26(7,10) B MS HE, TS
10 T 55 11 FHERYETT A 37 AR R AL, RGN
B je H A R A R

(b) FDBMBAREH
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Fig. 6 Analysis of self-healing process after 40 node network failure
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PR, PABRESIE SOP AT 1% ST KA R AT 1 fL
SCHEDIRE, o SOP fESETH AT S5 m fE
WA RGN I Th & DL B fL IS 542 SOP
ferm A FEVER R, B 7 2 35 MR
PR RGPS, ATBUE ], &%
% SOP [ ARGUESA Mg 5 1A Em i
JEARF, ROk AR 3, RIZREK(39,16) K
VSN IE S e A S e S = Bueu o)Al
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[ RussoPiRg ] %iSOPHRS

7 BARZIK SOP ARG &R TR EKFIIEL

Fig. 7 Comparison of average voltage levels in various

fault scenarios with and without SOP installation

2R 4 (39,16) LRI, 0% %% SOP 4t SR
BB a4 e 8 B, HAE 8(a) i wdE
SOP %41 SR MrEtihdh, Kl 8(b) Ak %H: SOP &
Zif SR B BRdh. B 8(a)d, BT A 17 Z A
HAR MR E L, FEFEFE SOP MR

(b) KZHSOPRS
N BGEfSOP @ H41ICB @ A HIRCS @ ME&IMS
1 HBISOP O Wit iCB O WiJFIRCS O WitFiIMS
B8 HFILik SOP EHEMEEFEE SR ME L E
Fig. 8 Comparison diagram of SR stage after faults in
distribution networks with and without SOP installation
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B, ASELASCEETT 5 16 A7 5 23 e ul gy, Bk
PIBR TR0 17 Bl 8(b)H, RGEHMIIER 175 5
19. 20, 22 Kif 23, EEJRREHEBIR, ©
T RCS ARAHIE W IIAE, L IEYY 21 38 XJ I
By AT IR, MRFETEROR, WA 16, 18, 21
() FE R ARG, BRI T S A R X 3 )1 e F
FEMAEFE EHEEE N, REVIBR 18505 515
&L, T SOP Redfit— & 1 H 4%, BRI IRk I 6
T R D o AR S ST AU KX B
Kl 9 B

20.2

REHBSOPHI AL

200k LHESOPII ALE

19.8
<
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B
J.jg
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Fig.9 Comparison diagram of
node voltage after line (38, 12) fault

2% SOP 5R%E SOP F 4 i % Hil ] SE LA
% 1 s, BT SOP MU SCHEM Ihfe, FHECT R
%3 SOP RS, %A SOP R4 & WAl FEM: 45
PREIEAL -

*1 HXk SOP B MY AT SEMEIRIRRTLL

Table 1 Comparison of reliability indicators for
distribution networks with and without SOP

HE  Sapl(WE)  Sarl(U4E)  Eene/(MW-h)AE)  Asal%
J& SOP 0.269 1.187 0.916 99.999 6
15 SOP 0.168 0.932 0.551 99.998

43 RETMEMHERTESRSERTEMETG
LERITEE MR
ISR AT P 3 S U AT T SEPE AR AL (explicit
analytic reliability optimization, EAR)MTYFT {5 0] 5
PEFRFRIIERATE, A MCS X B 45 Sl 52 1%
TRARHEATURER, PORPPR TR BT A Rk 2 i
*2 TEASEMERTE S A0SRt
Table 2 Comparison of results of
different reliability index calculation methods

Fik  Sapd(WAE)  Sard(U4F)  Eens/((MW-h)/4F) Asai/%
MCS 0.176 0.957 0.573 99.998
EAR 0.168 0.932 0.551 99.998

7R, MCS HIAE BB E 9 200 K.

H% 2 1[0, EAR 5 MCS M5 45 R fm 2= 5
/AN, HIEUE I T AR ST A A W] SE R R R ARSI I
e
44 SEXBHAEMRNFESREAAKSGE
Xt EE o3 A

A KR BT R o b AR D R S B )
i T75 BA LR R ORI 7 iR A7 X EL 23 A, SRR
BT B TE A 1 DA SR T G R 7 VT R
e

A% (genetic algorithm, GA). Ri T RERE
(particle swarm optimization, PSO)LL M AR LLIE k5
¥ (simulated annealing, SA)J& & F I8 &2 FRIE
%, Hih GA ML R EX A EAT L, PSO
IR A B S R R IALE, SA BT
FEAR B A A P AL — E MR TR 5
7750, IBD PR R AR AL, $R3 2 )R S A A
BCE BT I AU - (5 GA LUK PSO AT AL f5
TFR MG B 45 SR 5 A ST P S BB 1) 45 SR 1) 2% 0 R]
FEVEREFR . TT oS IC B RAS 0 LA R SR AR I 1) 5% B 2
® 3 fin, 3 MR R A EIE RIS AREIY
1000 X

R 3 TR ENT EMEIEFRITEL
Table 3 Comparison of reliability indicators for
different optimization methods

Sapi/ Sair/ Eens/ o 5
] AT .
(4F) (W) (MWHh)4E) B il
GA 0.189 1.167 0.639 311712 4124
PSO 0.201 1.261 0.698 309 504 3812
SA 0.177 1.03 0.612 310608 1917
EAR 0.168 0.932 0.551 300 460 51.4

AUE N, BT R EREERATRENE, M)
R BRI, 38 R R A SR AE L 55 2%
i 3 A B B AR, TR i 458 SRS I 14 25 T RT 5 Ak
RPN T AR R E S5 R, I HIF SRR E K
TR [N, AR AR A5 BB AR I T AT il
Fort SO T A K

5 HiS5RE

ASGEE S H AR S SOP fENIZ
PR RETT R TARHLE DL KA LR A R R W TE, 46
A B R PTEEPE A TR AR, BRI TR 4R

1 g 7t & SOP (12 RALVE BETF R BC B 2
AT, S C H R | A R rh % R RETT
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