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Abstract The paper proposes a method based on maximum hybrid entropy (MHE) to assess the uncertainty
of equipment failure event caused by voltage sag. By considering the data characteristics of the tested samples, the
combined uncertainty is decomposed into a random, a fuzzy, and a cross uncertainty. As a case study, PC is tested
and assessed when it is in full speed, no-load and normal operation states. During voltage sags, PC is in different
result states, such as completely crash, operating error, or false crash. The proposed method is applied to assess the
failure rate and compared with existing probability methods and fuzzy methods. The results show that this method
overcomes the disadvantages of over-estimating or low-estimating problem and it is more accurate in accord with
the engineering practice.

Key words combined uncertainty;
voltage sag

customer equipment; failure rate; hybrid entropy; joint space;

NTREAERER, KREERTHIET. BB
TR ENUS A SE M WE AR RS, RN
RGN E B . X s RS
AT AE A D H T A A R N L B R T Bl AR
B, PR T ERRN. SitE,
RENH KB fE A HLSE 7 A 20 A IR S R ok i 2
M N LR, X R RIS HL e PR AR UK, A
b, WS R SR A P B R AR, A
RERUE T, 1 BT R EIRBL R I A B i
HRERE B S E R P,

HEL s 7 [ S AR st i P 2 T P AR
BRI R E . BRIEATIRES SRS R
SN, XL DR e A R R AR, thRTRE

Wk F: 2012 —05-08; &I H#: 2012 — 10-29
FETH: TIAFRHE ST K)(2010G6Z0256, 2013GZ0062)

T HEb ARG . Ik, RN RARENLE.
WIE 25 5T 2w M, B PR D5 VA Seli A
PRV AR RS SEINE SR B B, S5 SR AT,
B ERAR, ARABULE, el
PR PPAVE ORI A THE . BB PPAS A S oot
Jr RO R i A TR A TR AR AR Y,
T R PR BN SE AN 5 51 FF) B L BRASOR AN 52
L | N & S N P RS Gl U1 A
Fsg b, R R SO A R AR A RN B
BUVE S BB AP 28 LB E I, R R AR
BAHENE, TR E A TR AT IR

BIFATALE, [ A SNE 2 X S S
B R BRI T KRR TT . SR T BERIPAlE

EFEFI S EB(1981 ), Z, 4, ETNFARIE. BREAUIC AR RS 7 e,



53 R, A5

AN N L LS 3 R SR AR S AN E TR DR A 701

BORIVT ALV . DA S ABERY AL A0 i B ABERY S5 00 AN
SEMEVEAG 2. SEBRINRIERT, PAPCHL AR A
JH LA TR L T B AR RO AN e M, MREARREAE
AW BTG, LSRR A T B3R Al T
6 I L

GAHERETBRINRE A, #h
AT BEALINEE . BRI e 7S, JFRE R B S L
PEFISORIIE )G — VPRI BE,  ©RCZ AR e (1)
WAELEESR o I 2 AN M A RO 2 —, Bl
HILJG FIASTA AR P 43 31) 220 i B AL A i e R ASE A0 A
SEVE, T AN i PR A OB BN 8 1, 2540l
AR X% . PRk, SIONBENLE . AR AR
SRR A, HA) A 1 A AN S 1 TR A PR
%, A RRINAE TN R

TR A I 77V O SR P2 48 S U A B iz N
FAUZI A S % 77 R BN TR S 5 A
B RIS A E PEVEAS, SR —Fh e Rz
FUVEAN T 8% 2R RS A 52 AN 1 RO TR 6 DA
FERVPAAEAL, FESBABENLIEAS . ORIVl &5 7
AT RS, UEBZAR AR IR . ATAT .
1 WERBEEMEEAUENANFHEM

RKESLMUEH, NANHEB(PC). ZH I35 E
(ASD). I 418 45 ] 2% (PLC) S5 1) v K i 527 fih 2%
EHEBEE, nELpTR . EE 2 27— A A
SEXIH, AT NELHRAL By C 3T IX .

t 2% 1
U .
- A C g2
Unin === -t
B
0 >
Tmin Tmax

AL B g% RIS 52 i 42 AN B0 A2 1R IX Ok
B RIS T 52 i 2 1 AN E P X B, A
FEANHA 5 DX I P 1) HEL 3 o T 3 B30 B 45 SR A A
R e EREATE, E&% XN, BEY

B T BB R A A th AN E
2 B AR R A A R S BT I, PCAHLIY
RABCEMAN G HE FIRE. NS, &5
PCHLIIZITIRAS . 7RI, BT IREA K, &)
F#RBIZRAS], T B RFEL, ATHIBEHL
Yestik . HERFEAE S, PCHLATREHIEL “Rat”
HFLMIRE . XU, X TPCHLIM S, HIKE K

FEERR A E, XEAHE TR bRk
K, BULE TR AT ENE: FR, PCHUA A
RAJERET BB 1L AR E, XA A E
ERRARAAY, & TREAETE. T, PR
R R SR R e R, F RN 25 8 b
HUE S ASOR P R R F) B 2 ANAff R 1

2 RAEWEELREGFESRN

HE S TR B LA B 5 1 3 [ g e ) 8 6 2R 0
PR S ATENE, AT 5 NREMME, Ak
WU BRI AN SO BEAT 20, 2R . Xk
XS R AN 2 PR R 2 SO e A, T A — 5 T
I8 AL B AN 2 128 T B A A T R A 1A%

7] 7

K2 EEmrEE
MR E S SR A

n

H, (R,F) =_Z{ P 44 Ig(pi:ui)} -

D - m)lg p,A- 1)) (1)

A, i=l~n, nAATEZR RS p NRBTRENE
(BEBLE);  ag IR R™ R L (BEITE) o

() X FH L AFEE: 2 H, (R F) 0
BOEITEE G, B g =081, SRALNBENL: 2BEHL
YRR, B p, =0sG1iy, BA BRI .

T A2 L3R 2 BEARRBE B TR & R e S R AL
1. BORR M B . 0 AT B A

Hh :_Zn: p; |Og pi -
i=1

n

Z{ﬂi log £ + (1— 24)log(1— ,Ui)} +

i=1

2= p){ulogu; +(1- 1) log(1 - 1)} =

Hr+Hf_Hrf (2)

Hor, 4o XEEHUE H, . BRI H, . S XEH
R

Hr = _Z Pi |Og pi (3)

He ==Y {ulog s + (1~ m)logl—p)} (@)

i=1



702 SRR S N 5 A N =

42 35

Hy =@ p) a4 logu, + @-p)logl— )} (6)

i=1
AL, 44 =08 1K, H, =H,; 2p=01
B, H,=H,. XEH, [(2)E LIRA S
AR -

3 AAEMHERESEE

31 WEKRWEHITMEIER

VA AN 11 TR G S . FEA PRZTRT,
R KISR0 PR R e 1224
AR F 2 5 NHRA R, [R5 S S H 5%
H, 1 T PR3 ) R R AR I DA, B oA T
L, 2 O (1) L AR AR AR 3 o L (T 4 R ) A 3 P
BRI [A] BA8 RRCR A e P, Rk, AR (L)
N(2), P KIRA R PP

MAX H, = _Z{ P, 4 log( pi/ui)} -

i=1
n

Z{ P (L—1)log p, (- 14)} =

i=1

H,+H, —H, (6)

s.t. Zipiz 3 (M

A, Ex En AR LR B s R AT SR h Y A B
PIFAEH], BB HDT6m, RN RT3,
AN 2, AR EE S, T
3CHR[9]

SR, 24 v BT SRR AR P v SR R
Pl SN, e bR AR R, IRAE O 1 5 b
HUVE R G — R IR M A e 7 i, PR RO R A AL
P BEATL & 2 R 25, R

M = A P (8)
1
= 9
max(p) ®
e
a(p)=—" (10)
max(p)

32 WRAEEL
A(6) @) A FAE— A% H bR E L 1

R, EBR AR, ASCR T BRI R R,
A FLRRBR ORI 5K 2% A LA £ P B

HRAE Pt 8 (4% SCS% FLPCHLY X i I % 4% B
{0 5 1] e e PG 52 2 X G
Fry3) ) LA B S 0 S K, AR PR Bl A R
[ELBAESETER, TR (AT LA R L 3¢
P BAETAR AT R AR PR & AR RO SE T AT AR 1
HARER ORI DL, LU R AR T AL, R
BRAR.
4 ERYEITH

S P 8 26 L7 R 0 A e T2
HEAT BEAAPA . tHT-B R AT IR A R
ME, TT5BUNBERL . HORIRISE R B E M3 R E
FARE AR I, ARG AT . A R RS
NIEEL e

TE Ve PP L 52 h 2
AN E X kit S

T E VAR AL TSR A

2
v '
SRR i Rt KR

[ |
y

SRI=RANHESR PEXS B2
R BER SRR

L
T BR AR
K3 WA RRCEPHL D IR

1) BEHLIEVERG . LR, s
FEAXIZIS , 58 B RS2 [ MR 73 70 NS Sz
NIESVEVSE

S d Vinax d
m=mm, = J. o p, t-[v:sz p,dv (11)

bt v RS R AR AR R p. p, A2
PR B I R SR AT AR BB o5 Hh IS T 52 2 X6 R 482 I )
ANEF [ EL O MBE <
2) BRIVEVEAl . H e R BEHLE
KRB EE LA BRI, BRI B3 R AEN:
y = (M) (M, 4,) (12)
A, mANRERBMR, p AR ERE, Z
B b TR A R b fR Y SR RGR R FE TR E
3) A XA E PE VAl o FH P 8046 1 H e A
AT, ERURIE S BE AL I R 69 52 1R 2R AR N
d =(mn)(mn,) (13)




53 R, A5

AN N L LS 3 R SR AR S AN E TR DR A 703

K, mABE KRB noXt LSRR

2 HL R R R AR AE AN E X 3B L CI 5 20(11) ~
A1) E Stekvii LA &,

XS AR AT Gt IS =R EREA T
e, RBE T wa s wolwg, U B 5 R K
RN

F=wm+w,y—-wd (14)
5 #AMRSEG S
51 #HAMIREAHEXIE

SR P T2 R IPCHEAT IR . FL 2T BN
Fluke 6100A, FIJ F [ il (1) & 11 D) 22 JEOR 2 % 2 P 3
SPEATIOR, JFEEHPCIBAT . RIEHEEIEC
DR A S R 2, AR IR BA2% H R T ( FHS msty
SRR 0K AR LR B, RTPCHLI A iE 4T
Fefl IEH 7 E(CPU 2 %30% ~40%) IR #3147
TR . o, BT RAHLIRES 2 A
IO, PEAHIC 2 SR a0 IR 4R EI5 TR

Bl I 2% L PR i 52 B8 0 AN E X (Rl R LR
AL, HPCHLAHIEATH, VTCHHZR AN & i
N75~95 ms. 47%~55%; 44t TFRHUIREH, VTC
HH 28 AN 2 4 7 9105~130 ms. 41%~49%; 4
PCHLAVEATIRAS AL T HI & Z (I, VTCHIZ A
SE I FAL AL T XA A E LR 2 0. ik, %
PCHLEIVTC ith 4 A7 € PE 4 5 9 75~130 ms,

41%~55%,
70
€ 60
2 50 SDE E EEEE]
% £
= 40
} 30
¥
g 20 < L
= 10 * HiE
.E 0 It LA T D E‘lﬁIZﬁ T
0 005 010 015 020 025 030
R B R R RN () /s

&4 BB A IE AT I R AR R

80
< LW
70
* B
60 B
50

40 g%fﬁm_

30

20 B

10
0

FOTITIEIOMIGEH
3000000003
3000000003

HLE T B 2 7 R AR R B (%)

HEDOGOO0NNTCHNM000N0R0M

0 0.0;5 0.1IO O.1I5 O.IZO 0.I25 0.30
FL T 7 AR AR T /s

5 BB AR R KA P

R WURERERZENTHERE

%ﬁ/)ﬂ“lﬁ% Umin/(%) Umax/(%) Tmin/ms Tmax/mS
PC 41 55 75 130

52 ZER5tLE

iR, FEALIEBAHEE X I3 R AR
%, VNSRS bR g R . UFEARSUA
FIB0RT, HIRVPAh 4 RIIRZE/NT5%, &L & T
FEAGTFRE 2L PR, 7EF AR ST B IR A i VR A
JERAT ARG, 80N REA

2 W BT B R AR AE NI E XA, PCHLRRL
A . RREERAA o0, MR AT B,
CIXIRE, RS RELLm (a]. B RIEEA . AA
SCTVERMT I I 45 51, DLACR FBEALIEA . A5
WIVE A5V BT AR 45 SR 2 s (R NS T LR
B R AEAEBX IS OL), Hr, & NSEill sk
ROR, 5, NV TR B & KRR, TPl 45 R A F XS
wZEEN:

£= % <100% (15)

AL, B RIR A LR VP AL 7 V2 BT AR (R VP Aty &5 R
T ST A5 R, B RAINHR 254 3.906 3%. BEAL
PEAS vk i i vk, AR AL T v R Al
KR ZEHIAF] 39.843 8%F1-60.550 5%. F:J5
RIET, BENLIPAENCE R T IR S, MR
PR IR T W& R I FEfh 2 ok, P
B IR Rz, [R5 B & R R &
ANHf 5 MG I 25 SR TR A 9B

*2 BXEAE RS EARERMEIHEER

H s 3 PR E 1) ATk BEHLPP A2 BRIt E
EAE/ (%) R [A)/ms a /% 8 1(%) & 1(%) 8, 1(%) £ 1(%) 8, I(%) £ I(%)
45 120 10.90 10.77 11927 14.40 321101 4.30 —60.550 5
115 12.80 13.30 3.906 3 17.90 39.843 8 6.60 —48.4375
41552 [ 120 27.10 27.40 1.1070 32.40 19.557 2 19.70 —27.306 3
= 125 46.60 46.20 -0.8583 51.10 11.619 4 37.90 ~18.669 5
130 64.90 64.50 —0.616 3 73.00 9.656 7 50.30 —22.496 1

6 4
st T 4 4% [ LT 27 B ok i B IR A R

WENE, R EONBENLIE . B VAT AN
e, G FTBEALAE « ASOR AR A A SO REAT ANt o 1
ZIm, NI AR VE AR, TR AT 5 RS R



704 SRR S N 5 A N =

42 35

EATEVERIFEIR, BB BOENE T R 2
(Il TE AN AL T AN AL o X PCAL I S B il 1A 2R
WIHERI, ARSCEIER. AT, VPSS RERT
B LREEPR. PGS R AT R B AR it AN
REAT BT R SR R

AR SCTFEADCRT T F P 5 v s o AR A0
VAL, B AT T A 2 L R R 2 AEE T PP A AN
L 2R 48 A HLA S 2 AN S8 TE R PR A

2 £ X #

[1] CHAN J Y, MILANOVIC J V, DELAHUNTY A.
Risk-based assessment of financial losses due to voltage
sag[J]. IEEE Trans on Power Delivery, 2011, 26(2):
492-500.

[2] AXE, FhECBR, Fiedl. SR ThVBIRAVECEEMEES

BEFAELI]. EBRIEIA, 2011, 35(7): 145-149.
DAI Shuang-yin, HAN Min-xiao, YAN Wen-li. Voltage sag
assessment for distribution network containing distributed
generation[J]. Power System Technology, 2011, 35(7):
145-149.

[3] #BRAR, Z=ERIR, B, & BIEEMEMENERBIELN
ERE75AN]. PEENIESR, 2011, 31(4): 39-44.
YANG Xiao-dong, LI Geng-yin, ZHOU Ming, et al.
Adaptive trust region method for stochastic estimation of
voltage sags[J]. Proceedings of the CSEE, 2011, 31(4):
39-44.

[4] HANNAN M A, NORDIN N A, MOHAMED A. Evaluation
of AC contactor ride through capability during voltage sag
with point-in-wave of initiation[J]. International Review of
Electrical Engineering, 2011, 5(4): 1754-1759.

[5] CHAN J Y, MILANOVIC J V, DELAHUNTY A. Generic
failure-risk assessment of industrial processes due to voltage
sags[J]. IEEE Trans on Power Delivery, 2009, 24(4):
2405-2414.

[6] BFEAR, HEE, Fhe, & SURREEEMESURER
BEFTEIHEED]. BRERA, 2009, 33(8): 55-59.
CHEN Wei-dong, XIAO Xian-yong, LI Wan, et al. Voltage
sag sensitivity assessment of sensitive equipments by
optimal square approximation[J]. Power System Technology,
2009, 33(8): 55-59.

[7] DOVIC JV, GUPTA C P. Probability assessment of financial
losses caused by interruptions and sags, part I: the
methodology[J]. IEEE Trans on Power Delivery, 2006, 21(2):
918-924.

[8] XIAO Xian-yong, MA Chao, YANG Hong-geng, et al.
Failure probability analysis of sensitive equipment due to
voltage sags using fuzzy-random assessment method[J].
IEEE Trans on Power Delivery, 2010, 25(4): 2970-2975.

[9] B5%EE, S, wmiltit, & BREERTEREIRK

G e EEPEBURED]. FEFEH IAEFR, 2009,
29(31): 115-121.
XIAO Xian-yong, MA Chao, YANG Hong-geng, et al.
Stochastic estimation of equipment sensitivity to voltage sag
based on voltage sag severity index and maximum entropy
principle[J]. Proceedings of the CSEE, 2009, 29(31): 115-
121.

[10] B5EE, ittt IR, & SRIREBEEREBE

AURRHEREHLITAG Y], PEFRHLIIESFR, 2009, 29(34):
90-95.
XIAO Xian-yong, YANG Hong-geng, CHEN Wau, et al.
Fuzzy-random assessment method of equipment sensitivity
to voltage sags[J]. Proceedings of the CSEE, 2009, 29(34):
90-95.

[11] SEEIE, SB32h, BREstF. GISTREIEAHEMATES

ERESAR[)]. BINKFEFHR, 2006, 31(1): 82-85.
SHI Yu-feng, SHI Wen-zhong, JIN Feng-xiang. Hybrid
entropy model of spatial data uncertainty in GIS[J].
Geomatics and Information Science of Wuhan University,
2006, 31(1): 82-85.

[12] KR, BtE, BxR, F. VI RUERHRER
SREWIEESIEN]. TWIRITT SR, 2008, 24(4):
67-68
SUN Yong-hou, ZHOU Hong-biao, HUANG Mei-fa, et al.
Evaluation method of geometric product measurement
uncertainty based on hybrid entropy[J]. Machine Design
and Research, 2008, 24(4): 67-68.

[13] XFBF, =F%K, XiF, & ETFESHRENERD

RAREMRIZ REIFNTIERRD]. WELFIR, 2009,
38(1): 82-87.
LIU Yan-fang, LAN Ze-ying, LIU Yang, et al. Multiscale
evaluation method for uncertainty of remote sensing
classification based on hybrid entropy model[J]. Acta
Geodaetica et Cartographica Sinica, 2009, 38(1): 82-87.

[14] EERN, EEIF). DeLuca-Termini BESBHNSEMED TR

SHANG Xiu-gang, JIANg Wei-sun. Reasonableness
analysis and generalization of hybrid entropy proposed by
DelLuca-Termini[J]. Journal of East China University of
Science and Technology, 1996, 23(5): 590-595.

[15] CIVANLAR M R, TRUSSELL H J. Constructing
membership function using statistical data[J]. Fuzzy Sets
and System, 1986, 18(1): 1-13.

% OB F B



