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sensitive equipment

AR IS 52 1 22 R 02 EORE HCIC 5 0 58 0
HEEBE S RAIE FRTERBCE , 73 %R
2 g 2~ 4,

e ATl g s i 2k sd e THUR &
i 52 M2 i Ae 07 BOM) XS JE 32 5 . SE 2Bl a %
F AR A UL A R AT RS 48 2 RE A 3
PRI, A2 AP 1 5 ol 2 M4 & s 1 DX el o
TR A AT DX S O3 1 s AT X, T RE
BT AN AL EE B

SEA AL B4R AN a8 Sh AR h 2k 58 2 T BUdkik
N Z N2 i T 7 B IXOE S 4R . 58 AL
B R RRE R A AR S AR S TR R, TR
S A M 1 AT X SR ASOR X S8k, BR824 1E
AB AT R AN 2R A AR DXl R e DX ek
VAT P TR T A i e T A 25 A BE S e Bk

AGER G R assh Vet 2 a oz &4 T5¢
G SRR G Z (8], B 5 BN g O] X i
FECEE . AR AR A A2 A R
FetEdEAT 7O, AT RIS, AT RRE W
K SV ERE 1A BT (R IR SR i T BEVERE MG,
3.2 REMIMBLEESEEIEE

T AR =P C A S AR R AR 23 BT, A R A
o9 HURBL A IO & ROR BEAT & BRATAS 75 225 M
ANHER IR A IR R s AT ; P s S Wik
BEAURE ST, BEXTIMIIRT , A SCE O T 34 A Sus 1T
& (Effective Operation Rate of Equipment, EORE) I
AN R ShVE R ( Effective Action Rate of Release,
EARR) BT LA B WA 52 e D 3R AT 9P A, 25



T FIER, XN, ST IR R BL A RO B R U A IR R B S R [ )] F T REHTEOR | 2021,40(5) :64-72. 67

A6 br A B0 g 25 S A 1R R S
(CCIR) , FHIHME &3 AN [ e 1) A8 1 B 1 8 15
JRRAR T T R B A T IPA

A (3) M (9) I LR F R YRGS
B v, (U, T,) BRI A shVERER B R ds
R 37 AL T 75 B8 A 3 A il B 2 i K ek 3l £
P(&) AREELIHA T IFEAG . Wik 2 Fros, S R
WERAE A il A I IE S R R N e e AL A T
ZER P(E) M 1 BANARSIE (HSLPRTE B U5
—E DRI, BT R, R YR 0 14 T
BTG ASCHE P(€,) RIZEA E 5] AT
HAT TR shEME R B &, T P(€,) o, R
Joi e A B 5 B 2 BT Sh VR IR, mI A

Ps<§i/\k> :P(w)\k <r)= Jiig(r)f;k l)lk(w)dwdr

(10)

1 M

P.(£) = 3 L P.(Ea) (1)

e, (U, T,) 50 N E&BERR P(C) , B
WRIERA P(&), BN TE R & Z AT s EE RN
P(&), BUSBASREMIEE s 47 R B e (51
AIRESEER R LS, BAH YBR[ %
NH

EORE, = (1 - P(£,)) (1 -P(&))  (12)

IR 11248 RE LE BB 5 M 2 ik ] B 2 A

WEER EARR 1] £/RH
EARR, = P({,)P.(£) (13)

P(&) (1 = P({)) AHURR & REGERE IE 7 i
FHEBEAN AR AE I 2 11 2 28 Bk IR B AR 3 e el e 411 7%
WANEFEADESL ; (1 -P(£))P(L) R
T8 B IO 0 25 7 1L =2 11T AN e B B BV AR I
s AR BRI EN 256 UL BS540, W13 CCIR, 1Y
T
CCIR, =P (£&)P(&,) + (1 =P(&)) (1L =P(L)) -

P(E)(1-P()) - (1 =-P(E))P)  (14)

K (12) ~ K (14) MR RIE R R R4
L BT RN o, B X L Y PP 45 51, T Bl — 2 % R
e R R RERELYE . EORE i EARR 5 bR 2
TR I H 84T Yo SO s A TAR e fb A 3
CIECH
Y EORE,

1

EORE = —— (15)

N

§%<l—f%§»>

N
Y EARR,
EARR = (16)
2 P&
=1
1 N
CCIR :NZ CCIR, (17)
i=1

S N e 2R 5 R R A 2 ] 9 B A A
50

4 HREESHM[ITETESR

(1) ST L IO 30 o £ 110 AE R AR AR 1 ) 52 4
BB R G R R T A

(2) BT SR B H e B ST it R 4
R R REASE

(3) MR IA SCHR A% B 5% B8 i 5 S B 45
0 50 45 2 AR AR 5 1) 3 ) s 1 T T 52 Rl S 40
FARTE A0S (s ESR5S

(4) FR A5 ) H, e BT R AR AR RN 2K (2) ~ 2K
(1) THABURS A BB R R P(L,) , BANES sh
FP(E) MANERTER S ZRTSIMERER P (&) .

(5) % EadsRiG R AR (12) ~2(14) 3t
v, KRR AR A REE TR AN ae A sk s
A ey e Eice /o

() WX (15) ~K(17) HEHZIE R G HEHLE
Ji B A PEAE HE AR
5 EflaH
5.1 HERSHTFEERBTESF
5.1 EBFFHE

PLIEEE33 7 5 e i VR S B 58 X 52, Rt 45
PN 3 F7R , EE 7 L e 8 A AR R AR O
FERER P A R G0 H R BT B 5 B N FH A
SR A A 2 TR R IR, ST A 24
VERWFFENT S #- 4T N = 10 00074 &, 1535 ik dy 2
SRR REARLE V fo,,0 = 1,2, N}, HOE
T FL R M (R 2 B 18] 14 43 A SRR AE AN 4 T

P L 4 TT AT 1 A5 24 1 F ] El B AR I 1 2
A AR A 30 =5 9 2 AT, LR B ZE 10% ~ 40% I
BRI, 7E 40% LS T B o 2o v K o TR I
A e R 5 48 = A, R (B = 50% 11 L R ] R S
80. 5% ., Bt 5 £ 1 6] (9 38 1, 43 A7 e 34 )5 0, 7E
50 ms BFIE o3 A B R, RRLRET ] R E AL T 10 ~
100 ms , 7E I DX [] A A ER 38 I o AR 1) 54. 1%,



68 BT RE BT R

540 % 5 5 1Y

18 19 20 21
- o ‘o ‘e

01 2 3 4 5 6 7 8 91011 1213 14 15 16 17

25 26 27 28 29 30 31 32

———eo—o
22 23 24

K3 IEEE33 18 &%
Fig.3 1EEE33 node system

IIATRER(%)

20 40 60 80
H IR AE (%)
(a) FUEE IR 5370

15

(=]

AT (%)

100 200 300 400 500 600
FREEAT [E]/ms
(b) FLEH PR SR A] 43 A

K4 SRR 05 B R S8 i TR B RFIE S A1
Fig.4  Characteristic distribution of voltage sag in power

supply system by Monte Carlo

5.1.2 wEFHEZMNHE
F, B I 11 S 0 P47 725 RDAR i L B o 2 I
SEREEIEATIEAR . XX 2018 4 ~2019 4FHL
) [y sk 7 e S 2R A 7 4 1 o3 A, A5 31 G T e i Ry

SRl 43 A A 5 BT
XTECPE 4 AR S T LUE Y, S84% R 0 A s i 4L
P AERF L[] 1 04 53 A5 3 AL, 7E IR AE b 19 20 A A2 AE
S SR R R A A R A R AR
TE 80% L I 1 H R B = o 2 1R 63. 2%, iX
JE RN SRR 1k UK Ja B i s 5 | B 1 Fl B g
A B X IR AR A R IR S v iy v
FEBT PR R IR AL 5 A8 FE AR 43 V) L rR ML 3l 55 b s £72

20

A (%)

20 40 60 80
H AR {E (%)
() FRL MR AL 53 A

200 400 600
REEEIT ] /ms
(b) HLHE T PR 4 ) 43 A7

K5 Seii it R Ge i B RIE S A
Fig.5 Characteristic distribution of voltage sag in power

supply system based on measured data

5.2 BN E5iERRauRITMh
%8S BRst 0E BC= A e IR T A e
TR AR 7 Y B R A, AT R I AR A
#% ( Programmable Logic Controller, PLC ) J&—F7E T
AP FREE iz N B s AR E R L T
X AV AR A T4 ] 5 A2 451 835 2% ( Adjustable Speed
Drive, ASD ) B AT 8 AR VR T, HO= 5 REIE % AR
s B ML £ A AT B AL (Personal Computer,
PC) i 15 BB B S HOR | i 51T
|28
PR Y R A7 B T WL SCER [ 18 ], T Uk
WA 32 A e DX H] EAF & IR 20 A, R
RS2 18] 1 B 08 F0 23 A ZH0G0E U(ry g0, 0,)
FT(r e 0, ,0,), W3R 1 PR, 26 PLC 7EROR)
DX Jl A 18 8 5 3R 0C T H, R WRHEL R R 2 5 ] 1 =24
i, aniEl 6 B
F1 HBHRIGEMZEENISH

Tab.1  Tolerance parameters of typical sensitive equipment

W U(ry,ry,0,,0,) T(r,,rg,0,,1,)

PLC 30 90 10 60 20 400 63 210

pPC 46 63 3 55 40 205 28 122
ASD 59 71 2 65 15 175 27 95
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Tab.2 Calculation of EORE and EARR based on Monte Carlo simulation data
B Typl Typ2 Typ3 Typ4 TypS
Byl AL PR % EORE EARR EORE EARR EORE EARR EORE EARR EORE EARR
PLC 0.119 0. 870 0. 564 0. 854 0.564 0.991 0. 391 0.967 0.557 0.997 0.512
PC 0. 105 0. 892 0.810 0. 877 0. 811 0.999 0.504 0.987 0.793 1. 000 0. 063
ASD 0. 195 0. 898 0.511 0. 881 0.512 1. 000 0.239 0.993 0. 460 1. 000 0. 195
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Tab.3 Calculation of CCIR of low voltage releases

based on Monte Carlo simulation data

e CCIR
Typl Typ2 Typ3 Typ4 Typ5
PLC 0. 667 0.639 0. 840 0. 837 0. 878
pPC 0.767 0.739 0. 894 0.933 0. 803
ASD  0.644  0.618 0.703  0.779  0.610
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Tab.4 Calculation of CCIR of low voltage releases based

on measured data

e CCIR
Typl Typ2 Typ3 Typ4 Typ5
PLC 0.871 0. 865 0.917 0.911 0.939
pPC 0.930 0.924 0. 940 0. 966 0.720
ASD  0.898  0.893  0.863  0.921  0.650
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Low-voltage release configuration strategy of voltage sensitive
equipment based on optimal coordination effect

WANG Xue', TANG Zheng-cong', LIU Xing-jie”
(1. College of Information and Electrical Engineering, North China Electric Power University,
Baoding 071003, China ;2. College of Physics and Electronic-Electrical Engineering, Ningxia University,
Yinchuan 751000, China )

Abstract: According to the relative position of the tolerance curve, three coordination relationships between the
low-voltage release and the sensitive equipment are defined. The function characteristics of the low-voltage release
in the three coordination relationships are analyzed. Considering the effective operation of the equipment and the
timely action ability of the release, the concept of comprehensive coordination index of low-voltage release is put
forward. Random variables and fuzzy variables are used to describe the withstand ability of the equipment and re-
lease.A-cut set is introduced to calculate. Monte Carlo method is used to simulate the randomness of voltage sag e-
vents on the grid side. The typical sensitive equipment and five kinds of low-voltage release with different action
characteristics are selected. Through the comparison of indicators, the coordination effect of release and equipment
is effectively evaluated. Best delay setting is obtained. The proposed concept can provide theoretical basis for rea-
sonable configuration and selection of release for both sides of power supply.

Key words: voltage sag; sensitive equipment; low-voltage release ; fussiness & randomness; tolerance ability; co-

ordination relationship



