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Sensitivity evaluation of sensitive equipment based on fuzzy failure criterion due to voltage sags

CHEN Ping, YANG Hong-geng, XIAO Xian-yong
(Department of Electrical Engineering and Information, Sichuan University, Chengdu 610065, China)

Abstract: This paper proposes a new sensitivity evaluation method for sensitive equipment based on fuzzy theory due to voltage sags.
The transitional process is considered as a fuzzy limit state in this paper, which is from safety to fault during voltage sags. The degree
of membership which belongs to safety state is used to describe this transitional process. Energy function is used as the membership
function. Normal distribution is used to describe the random process of system disturbance and tolerant capacity of equipment. The
parameters of probability density function of system disturbance is calculated from the simulation data of IEEE-30, while that of

tolerant capacity of equipment is calculated from the test data. Simulation results show that the method proposed in this paper is

available and accurate.
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Tab.1 Variation of equipment voltage tolerance capability

HLURIRA % FFEEI () /ms
He
Umin (]max T min Tmax
PLC 30 90 20 400
ASD 59 71 15 175
PC 46 63 40 205

2.2 GREFHEE

B RGN E s FIHERELREBCN f(s5),
WA SZHE )] r FINEREERECh f(r), WRIETH
ﬂﬁ,T%%éM$%§@ﬁim&%%%%ﬂﬁ
P

R= mwn—jw jﬂmjﬂmammmm)

X Cu8)iE ﬁﬁ@A hq}m%ﬁ H, 4
s<rif, H CyuS)=1, HN Cy(S)=0.

e SO RS SEE R AT R, B A N
GARETARBIMERAS, WA 75 S ) () it
Fio Kgrbial i PR TS BB PR, 42K
(6), RT3 T ASTH 2R A0CHE D) ) v 6 P S vk«

R= mwm—jﬂ fﬂﬂff@%@mdﬂﬂ

Wﬂm%ﬁﬁﬁ&[ﬁaﬂ%i
R=1-R (8)

3 HREWME—MAE

AR R S D) ) R VA — D R

l‘ﬂl

F:

b MR RUR GV I A A K s ot
ITAEER, SR RGNS s FIDIMFIES B (s~ G
tus~ o) FHFRAEX(DFRI RGN s FIBF L R
Hf(s)o

BB BRI 52 BE A B A T A P
KT ZHEST r IVINFIES B (o Oun i O4)s
FFAR A Q)P BB 52 HE S r (KI5 15 bR AL
f@).

B R BURE B, 13 B Y )
(Vanins Trnax) T (Vimas Tmin) »-~ A TTIAR 8 5(5) 75 21 5 6

b4 ﬂ,g(s) °

FWULD K f(s)s f)R gz () FRAI(T), K
A HE T RO 2R 280 W) (1 ] SETE R

b MA@ T B IR SR
4 FEHFFHEIENEERDR

4.1 Y5 FFRIRIIE

WRRGAE s - BbLAR R, Had s %
SRS A KSR RE g (5) TARAT, IR AT
B HE I B ro=ay, MR AT SErERLRNS),
CEE> €S IEH

R=P(s2a)= [ f($)p(s)ds ©)
26 N BENUBHIUG , Bds iTSe e R
1 N
=y 2R (10)

O 2 % P e R Ay
R=1-R (11)
4.2 R FTREHRLIS R
B MR IR IES L, RN
iNﬂmﬁ%ﬁﬁﬁﬁn(V 7)o
B B o f(9) g () FRA(9), 1331
&%%?ﬁﬁ%ﬂﬁwmﬂ%ﬁ&o
B RIRR10) (11), 75318 & s i

R,
5 (FEZRAR

ACLL PC HUE A SR AT 08T, AR
SRR 1) DAL 2 AR o

Wﬁ%%ﬁ%J%%Wﬁ%ﬁﬁﬂﬁ&%
40 ms)F1(46%,205 ms) 2 8], H4E SCHR[ 101324 1)
Jiik, W PC WA r & IS E (1, =
0. 545, 0,=0.028. u,=122.5. 6,=27.5).

REPENEE B IBEE-30 5 SRR 2 41
BEAL™ A, il 1. R PC HEEAET AL 21, 7EZk
P 12-15 EBENLA A M, S B IR N IA 5] oA,
PR 21 F M B0 B s ok R G shEdh . 4ot
Matlab i B, 1521 1) 5 28 [ 3 o s M 8 1) 2 880k
(14,5=0.533+ 0,,=0.064). K|y RG] B P FE 252 i [i) ok
& T RGP S ER MY, BRSO (u=1104
05=30).



Wi, 55 T RN SR AR U P A e v M1 o UURR E DA -11-

SRR 2 BB AL VR AR R i 32 € ) 1) 75 T2
2, BEHL™E 1000 4% H] Matlab7.0 #E47 45 3043
RREE S

AT VAl 2 RS2 R BN A 45
R 2.

H13% 2 70 M vl s

(1) G )™ R 1 o (B T B AE V7 IRk
N MIFEFFEEI TH] T AR sk (B v 8ok, T 42
FEL)INS 5 L% PR IR AT I PR 086 0 s AR, A
ST RENS S AR LTSN B A AURR L RS

(2) BEA TR 52 8 7 SR (RIS M FE e A Vo
NS FFEEIN ] T AR B g (R v HK . T A Kka) ),
LA PR BN A A A PR T, S WA AR STy %
REMS S R 45 TR 52 E 7 0 B85 BBURK FE PRI

(3) ATCTTEE B R P BN UL VA 4 A
. Wit BONHIRZEN 0.66%, BLEHA ST iLRE
Fig.1 IEEE-30 bus test system YRETHG [TDP A Y 46 [ MR P

#*2 PCHlLEREMPABREITMHER
Tab.2 Assessment results of the failure probability of PC

1 1EEE-30 3 mAR/EM X R 4

RGNS PC HLHLIE MBI % 2 155 BT RO R ESER A TN

i (o G i ) s G 72 WEWERTE B Fixve
1 0.533,110,0.064,30 0.545,122.5,0.028,27.5 0.0751 0.0756 -0.66%
2 0.46,130,0.064,30 0.545,122.5,0.028,27.5 0.276 6 0.277 8 -0.43%
3 0.58,90,0.064,30 0.545,122.5,0.028,27.5 0.0162 0.016 4 -0.61%
4 0.533,110,0.064,30 0.48,150,0.028,27.5 0.0190 0.019 1 -0.52%
5 0.533,110,0.064,30 0.58,90,0.028,27.5 0.148 0 0.147 3 0.48%
1063.
6 Zi [4] Dijokic S Z, Milanovic JV, Kirschen D S. Sensitivity of
WERMB, ORI Gl e et S e,
HEAN TS, ) IR A % I W 390 i 6 T Delivery, 2004, 19(3): 1299-1307.
ERFE . ASCULRE R R EVE N B9 SR B T e 4k [5] Djokic SZ, DesmetJ, Vanalme G, etal. Sensitivity of
BRI RE, SR 1 BE B TR 5 25 M 224 3 Personal Computers to Voltage Sags and Short
R 2 ) ek U ek R, B T R T RROR HE S 1 ARk Izr(l)telrrup;i’;);ls:;[; ]3 IEEE Trans on Power Delivery, 2005,
%% R K’?’ ﬁ&lﬁﬁgﬂ" fis 731{2 : 5\ %CF%‘E PHAL (6] Djf)k)i:: SZ, Stoci(man K, Milanovic J V, et al. Sensitivity
P2 SRLL L, 1207 10 R AT R A A P ()5 R of AC Adjustable Speed Drives to Voltage Sags and Short
Sk Interruptions[J]. IEEE Trans on Power Delivery, 2005,

20(1): 494-505.

(1) IEEE Standard 1159, IBEE Recommended Practice for [7] GuptaP, JovicaV, Milanovic. Probabilistic Assessment

Monitoring Electric Power Quality[S]. New York: 1995.

[2] McGranaghan M F, Mueller D R, Samotyj M IJ.
Voltage Sags in Industrial Systems[J]. IEEE Trans Ind 8]
Appl, 1993, 29(2): 397-402.

[3] Moreno-Munoz A, Pallares V, Galisteo P, et al. Study of
Voltage Sag in a Highly Automated Plant[A]. in:
Electrotechnical Conference, MELECONJ[C]. 2006.1060-

of Equipment Trips due to Voltage Sags[J]. IEEE Trans
on Power Delivery, 2006, 21(2): 711-718.

Gupta C P, Milanovic J V. Probabilistic Methods for
Counting Equipment Trips Due to Voltage Sags[A]. in:
9th International Conference on Probabilistic Methods
Applied to Power Systems KTH[C]. Stockholm: 2006.

(TF4% 17 R continued on page 17)



FES, A [T XURIZ A 7S e BB B g 5 S 9T -17-

AR R TR 2 O B 1, ARIR % O HL
0,  BSCIERYNAH PP BHURE B OR 4 J7 S i I 5 FHHTRE
i TS S N SR R BT, AN I DR Y0 il 4

R, [RIIN AT LA s I X0 2 )i ke o e

B o [ FLEE AR T S RN AH e B TR B R Ay

I IERATE

Sk

(1] i, 8w R R I 42 0 [m] 2 B A oM LA 37 11 19F 2 [ D).
dent: Qb JREE, 2003,

YU Bo. Research on Microprocessor-based Protective
Relay for EHV Double Circuit Lines on Same Tower[D].
Beijing: North China Electric Power Univesity, 2003.

(2] BBz, AEB, GhAR, &5 EP RSB RIRZE
RYIEFETCAF BN EWE T[], dRds, 2008, 36(8):
6-10.

YAN An-he, LI Xia-yang, YAO Qing-lin, et al. Research
on Selectors of Transverse Differential Protection Using
Positive Sequence Polarizing Voltage[J]. Relay, 2008,
36(8): 6-10.

(3] SKKTE, BBZeT, 8, 5. [RFT AR 3 AL 4k il
TP 5 RFFTT). 4kFaas, 2008, 32(2): 25-28, 39.
ZHANG Tai-sheng, YAN An-he, ZHAO Yi, etal. The
Study of a New Relay Protection Scheme for Double
Circuit Lines on the Same Pole[J].Relay, 2008, 32(2):
25-28, 39.

(4] BRAEST. I RGAERIRM]. R FPRORF IR

#t, 2003.91-103

CHEN Sheng-gui. Electric Power System Relay
Protection[M]. Chongqing: Chongqing University Press,
2003. 91-103.

(6] s, Eam, SCUI, 55 WXH-803 JL4T M Z23))

TR MBEIE[I]. 48P0, 2004, 32(2): 43-46.
LI Rui-sheng, WANG Qiang, WEN Ming-hao, WANG
Er-han. Study of WXH-803 Current Differential
Protection Based on Optical Fibre[J]. Relay, 2004, 32(2):
43-46.

(6] ‘RIEME, MET, kU, & R IR0 L2

AR IS AR I]. B RS HB)ME, 2003,
27(19): 63-66,70.
ZHU Xiao-tong, ZHENG Yu-ping, ZHANG Jun-hong,
et al. Distance Protection of Double-circuit Line on the
Same Pole when Phase to Phase Fault Occurs[J].
Automation of Electric Power Systems, 2003, 27(19):
63-66,70.

Y¥5 HER: 2009-04-16;
EE BT

FiF (1957-) , %, HBEAZAIERT, NELR
BAR. wARGRE. L FOHFRAE A,

BT (1952-), B, HAIANTF, AEELRFEK, &
N EGIRE. AR e B AR,

A (1966-), B, #IZAGHRIAZIT, NEHER
¥ 7 @69 % . B-mail: ruishengl@xjgc.com

{&E HE: 2009-05-13

(E4% 11 W continued from page 11)

[9] Milanovic J V, Gupta C P. Probabilistic Assessment of
Financial Losses Due to Interruptions and Voltage
Sags—Part II: Practical Implementation[J]. IEEE Trans
on Power Delivery, 2006, 21( 2): 935-932.

[10] F4e5, TAAE, BENEN, S BRUs o i M R AUk
BERIBEHLA TR ] M EAR, 2007, 31(22): 30-33.
XIAO Xian-yong, WANG Xi-bao, XUE Li-li, et al. A
Method to Stochastically Estimate Voltage Sag
Sensitivity of Sensitive Equipments[J]. Power System
Technology,2007, 31(22):30-33.

[11] Bonatto B D, Niimura T, Dommel A H W. Fuzzy
Logic Application to Represent Load Sensitivity to
Voltage Sags[A]. in: Proceedings S8th International
Conference on Harmonics and Quality of Power[C].
1998.60-64 .

[12] Thasananutari T, Chatratana S. Stochastic Prediction of
Voltage Sags in an Industrial Estate[A]. in: Industry
Applications Conference, 2005. Fourtieth IAS Annual
Meeting. Conference Record [C]. 2005. 1489-1496.

[13] Myo Thu Aung, Milanovic J V. Stochastic Prediction of
Voltage Sag by Considering Probability of the Failure of
the Protection System[J]. IEEE Trans on Power Delivery,
2006, 21(1): 322-329.

[14] Myo Thu Aung, Milanovic J V. Stochastic Prediction of
Voltage Sag by Considering Probability of the Failure of

the Protection System[J]. IEEE Trans on Power Delivery,
2006, 21(1): 322-329.

[15] FRA. HUBOBORI nSEtE it M. Jbat:
fikt, 2000

[16] Bollen M H J, Sabin D D, Thallam R S.Voltage-sag
Indices-Recent Developments in IEEE P1564 Task
Force[A]. in: CIGRE/IEEE PES
Symposium[C]. 2003.34-41.

[17] Thallam R S, Heydt G T. Power Acceptability and
Voltage Sag Indices in the Three Phase Sense. Presented
at the Panel Session on Power Quality: Voltage Sag
Indices[A]. in: IEEE PES Summer Meeting[C].
2000.905-9009.

(18] IEEE-30 Bus Test System[J/OL]. http://www.ee.
washington.edu/research/pstca/pf30/pg_tca30bus.htm

HUBR Tl

International

ks HEA: 2009-03-28;
EH &N
% P (1984-) , B, MEAHRAL, HFRF QAR
¥; E-mail: nicolas.chen@163.com
A (1949-), B, #4%, HEA SR, KEAFE
IR E AT 535 % 5 @ I F AR TAE,
HAB (1968-), F, 813k, MEAFIH, KHAE
A E AL EHEFEHRA.

&E HEA: 2009-05-13



