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Voltage sag severity interval assessment method for user side considering tolerance
characteristics of equipment of differing sensitivity

LUAN Le, MA Zhiyuan, MO Wenxiong, XU Zhong, ZHOU Kai, GUO Qianwen
(Electric Power Test Research Institute of Guangzhou Power Supply Bureau Co., Ltd., Guangzhou 510420, China)

Abstract: A voltage sag severity index is the basis for sag assessment. Because the existing method does not consider the
uncertainty and difference of the tolerance characteristics, this paper proposes an improved voltage sag severity interval
assessment method for the user side. First, this paper explains the existing method and points out that it cannot reflect the
uncertainty of the tolerance characteristics. To characterize the uncertainty, it uses interval number theory to modify the
calculation method based on the uncertainty regions of typical sensitive equipment. Because the results of the traditional
interval assessment method are conservative, it determines the interval weight and uses an affine algorithm to calculate
the comprehensive severity interval index. Finally, it uses the measurement function to determine the site ranking. The
IEEE 30-bus system is used for verification. The results show that the interval index can characterize the comprehensive
sag level and dynamic tolerance characteristics of the user side.

This work is supported by the Science and Technology Project of China Southern Power Grid Co., Ltd. (No.
GZHKJIXM20170141).
Key words: voltage sag; tolerance characteristics; severity; affine algorithm; interval assessment

0 == 2 o8 <A P B 1) S A AR 1% ) A ) 2

= fitlh, T HEAA 23 B P 0 I A 52 PR SR TR S A R 1% ]

LR P2 H AT sy EE R R E A2 PIME s R, 2 H — o5 8 P i 52 R 1 1

—, HEAHURHA PR T ERIETEIAK, FHxTH P 8 7 R & S PP A v, RO B R
JHH R RS S B R PG A T SR R e ST, RE T S A 70 AN ) B R

7 %o F PR ) I T o R R VA R

EEWB: YE& 5 RA RS AHA B F 3 (GZHKIXM F XKW R84 AL 530l |IEEE Std

20170141) 1564-2014 FrAERTHE AT B ™ EAR S RS R O 5




Par

5 REAN IR AU L 2 T 52 AR P P 0 b s 8 e 7™ B R JEE X IR P At 07 95 - 141 -

B2 RGN, A E TR ARG R ) 22 R
SRR [77] 368 2o R 0 el A8 s ) 7 A ST 3 bR AT %
M, K R AR LA A AT VY,
TR AT A2 BE TN E M . SCHER[B1E BN it
2 fh 2R R At B NE T SRR B IR B R S bR
B, SRIILT 6T HE T R B R A AR B 1 7 R ST
il o SCHR9-101%1 X MIUER 15 2% i 52 #h 28 I A Hff 5 [X.
W, FETF IR K VR T T R KT PR A
VPRI, (H A5 B I oK 2 R AT i 2 Al 2% (AC
Contactor, ACC) fiJfiif 52 51 . SCRR[11] VR 40T T
ACC TEZ FEIE T fURFAIE T 1T 52 i 28 AN 5 X 3,
AN R S S 1 B o 2 PR SR 0 AT pR L, X L
T [ 18 R T R M 2 K P R AT VRS o SCHR[12] %
FRARFIE S5 1L AT 52 e A e XIS EE A, RATSR
JE RS ST T SR A R AR i, (BT
HISFEBONE A, HARS SRS X MR & R
WHVEASE, A, DA iR AR FE AN [R U
WA 52 BE TR H e T, FTfEVEAS 25 R Tk sk
HEFH P S ) R T PR KR

BT AR R R, AR SCHRE H — A et (R P e
J T o P B B X () VPl i . AR SCE S A T
Vs 75 T0 1 R W T 52 58 7 ANA S 4 1) 1]
FH U, 38T DU i B AR 5 52 AR P A AN A o [X
1, AR X A B 0 ™ AL FEFR AR T I5 1,
DL S IR RH A2 B8 7 (0 ANHG 2 MEVEAG . PR R
T AN TR RO AR % TR T L DX Y P P 0 B T R K
e, TR & BT 7 EL % B Y LA s A R P
X AR, KA SRR R AT EREX
EIE Y T i e S B e SN X S R 0] 151 F TN
T s Wt B R R FE P N BhAS 45 B i S2 ke . B
Jei s B PIA L IX ) i A BR KT R SR E T
15, XEANTR] H T B EE R A S TR, DA
PR BITC N R g8 R HfE 55717 s . JEIT 1EEE 30 1
RGHAT I EIGUE, 45 R B AT e ™ AL R X [a] 1P
1k 77925 R e 12 1 i ARURK AL £ T 52 B T (M) AN 1
KN, BITEE 1 s R 00 B S ) 3 B K P o
AT B A e S U PR B A E
PN PR AR, A g R IR LA
HHGEE R JVE RIS .
1 MAEFHGEREEENEID
1.1 BEEEEEREERRTERE

7t |EEE Std 1564-2014 br#Erf, HEEFE ™ HE
FEFEFRPRAE SN FE T H 2T R i (i 5 e s ]
FRAE, TEFHN 32 th 2k FiF S 20, HTeEZ)
1 L B SRS P P B 2% BT I s T R ) F

bro HAtHE A KO

1V

11—V, (T) @
XA VAR T AR Voure(T)
it 5 i 2 78 FE At 1A) T Y8 FE Y R S PRI A o

T} 52 1 2 5 Bl ABURR AL % o) B T A S 1)

TR TREE, AR KZ R SEMI F47 il
2k, w1 R,

1.OF
0.9
0.8
0.7

M {t/p.u.

0.5

002 020 0350 1000
FREL I /s
& 1 SEMI FA7 i} & gk
Fig. 1 SEMI FA47 tolerance curve

g4 SEMI FA7 th&k 5 XQ) T AR H: 498 %
HOFWIGF T Mgk by, MEEFEE S=1; B
T by, MIMEEE S<1, HiE4HAET™
HYuWs; HEM T LT, MM™ERE S>1,
BREE R T E R, BUBRR SIS 2R
HBET G RAN IR 1) TARRAS HE 2 pl i el

AR P2 2 4 Ao (L 7 MR A — FeF SR ) )~ T |
(10 0 A R AT R 71 AR P s 1) S ol D R T %
FAE RO RLE I RAS S 52 it 26 i e e () Sk &
HHEIG FORES 2 R SR . IR, RRak
I TR, DU A Al 25 1 PR A R B o
P E R AME AR, Wi 2 Fos.
1.2 MBS EFENICIRR

S IA T SL IR SR R, R P
U A I 20 SR — AN E PR . 4
JE BB AR Tz A E X IR BN A LA, )
TR N IE H 18 AT B SE A R IR IR AS s T4
AL T X IR L A I, BB & PR H R I H A
e PR o B0 ST BURRARE & PR B P 52 R M 1)
SIS, Rl 3 AR,

Ak, ER—HEEEHRAET, BT8R I
BE LA R A5 7V AN R, AN [ 28 R OB 4% (R i 52
R It AR K2 8, R Pps il R, B
— i 52 M 28 TR B 1) EFE R AR AR, ETEIE R
HH SR AL 7 A 0 N A AT 22 5



-142 -

CEEE R R

_ M /p.u.
E 2 mEREEGEERE-FENETE LN HREE
Fig. 2 Schematic diagram of distribution of severity index
values on the magnitude-duration plane
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Fig. 3 Schematic diagram of experimental test results of
sensitive equipments tolerance characteristics
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Table 1 Voltage sag magnitude and duration simulated values

TR TEE Vip.u. A RS MEAH Vip.u.
1 0.750 6 16 0.6585
2 0.7439 17 0.6333
3 07117 18 05819
4 0.700 4 19 05749
5 0.805 4 20 0.580 2
6 0.7045 21 0.6045
7 06771 22 0.604 4
8 0.713 4 23 0.6017
9 0.7229 24 0.596 5
10 0.6337 25 0.646 2
1 0.837 6 26 0.6335
12 0.695 8 27 0.680 3
13 0.804 3 28 0.714 3
14 0.650 4 29 0.660 7
15 0.628 2 30 0.654 7
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Table 2 Severity interval index of a certain type of sensitive equipment

A L — U P X 1A $ AR [S]ilp.u. A B R E X [ HR AR [S]ilp.u.

Ll PLC ASD PC ACC Eikel PLC ASD PC ACC
1 [0.25,2.49] [0.25,0.86] [0.25,0.67] [0.41,0.45] 16 [0.34,3.42] [0.34,1.18] [0.34,0.92] [0.56,0.62]
2 [0.26,2.56] [0.26,0.88] [0.26,0.69] [0.42,0.47] 17 [0.37,3.67] [0.37,1.26] [0.37,0.99] [0.60,0.67]
3 [0.29,2.88] [0.29,0.99] [0.29,0.78] [0.47,0.52] 18 [0.42,4.18] [0.42,1.44] [0.42,1.13] [0.69,0.76]
4 [0.30,3.00] [0.30,1.03] [0.30,0.81] [0.49,0.54] 19 [0.43,4.25] [0.43,1.47] [0.43,1.15] [0.70,0.77]
5 [0.19,1.95] [0.19,0.67] [0.19,0.53] [0.32,0.35] 20 [0.42,4.20] [0.42,1.45] [0.42,1.13] [0.69,0.76]
6 [0.30,2.95] [0.30,1.02] [0.30,0.80] [0.48,0.54] 21 [0.40,3.96] [0.40,1.36] [0.40,1.07] [0.65,0.72]
7 [0.32,3.23] [0.32,1.11] [0.32,0.87] [0.53,0.59] 22 [0.40,3.96] [0.40,1.36] [0.40,1.07] [0.65,0.72]
8 [0.29,2.87] [0.29,0.99] [0.29,0.77] [0.47,0.52] 23 [0.40,3.98] [0.40,1.37] [0.40,1.08] [0.65,0.72]
9 [0.28,2.77] [0.28,0.96] [0.28,0.75] [0.45,0.50] 24 [0.40,4.03] [0.40,1.39] [0.40,1.09] [0.66,0.73]
10 [0.37,3.66] [0.37,1.26] [0.37,0.99] [0.60,0.67] 25 [0.35,3.54] [0.35,1.22] [0.35,0.96] [0.58,0.64]
1 [0.16,1.62] [0.16,0.56] [0.16,0.44] [0.27,0.30] 26 [0.37,3.66] [0.37,1.26] [0.37,0.99] [0.60,0.67]
12 [0.30,3.04] [0.30,1.05] [0.30,0.82] [0.50,0.55] 27 [0.32,3.20] [0.32,1.10] [0.32,0.86] [0.52,0.58]
13 [0.20,1.96] [0.20,0.67] [0.20,0.53] [0.32,0.36] 28 [0.29,2.86] [0.29,0.99] [0.29,0.77] [0.47,0.52]
14 [0.35,3.50] [0.35,1.21] [0.35,0.94] [0.57,0.64] 29 [0.34,3.39] [0.34,1.17] [0.34,0.92] [0.56,0.62]
15 [0.37,3.72] [0.37,1.28] [0.37,1.00] [0.61,0.68] 30 [0.35,3.45] [0.35,1.19] [0.35,0.93] [0.57,0.63]
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Table 3 Interval weights of 4 typical sensitive equipments

TR & PLC ASD PC ACC
[Xa#(E  [0.24,0.26] [0.21,0.25] [0.19,0.26]  [0.27,0.32]

F T XA AR5 X AU 7 3 iR a5 2R, 72
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Table 4 Site user side comprehensive severity interval index

R CRE T HFEREIX H] Ril= LA T LR X )
T FEFF[S]c/p.u. s FRFR[S]c/p.u.
1 [0.27,0.83] 16 [0.37,1.21]
2 [0.28,0.86] 17 [0.40,1.31]
3 [0.31,0.99] 18 [0.45,1.53]
4 [0.32,1.04] 19 [0.46,1.56]
5 [0.21,0.60] 20 [0.45,1.53]
6 [0.32,1.02] 21 [0.43,1.43]
7 [0.35,1.13] 22 [0.43,1.43]
8 [0.31,0.98] 23 [0.43,1.44]
9 [0.30,0.94] 24 [0.44,1.47]
10 [0.40,1.31] 25 [0.38,1.26]
11 [0.18,0.47] 26 [0.40,1.31]
12 [0.33,1.06] 27 [0.35,1.12]
13 [0.21,0.61] 28 [0.31,0.98]
14 [0.38,1.24] 29 [0.37,1.20]
15 [0.40,1.34] 30 [0.37,1.23]

FTR 4 Prigdi R, e 3.2 THTESL N E
PR BT R A TE T, RGNS I L



- 146 - CEEE R R

R B L /N BRI HES, i 9 Fra.

30

251

20¢

SR
O

0 5 10 15 20 25 30

1
9 TREETEREXEEINIFER

Fig. 9 Ranking of comprehensive severity interval index
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different severity assessment methods
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