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Abstract: The way to depict the uncertainty of components reliability parameters and voltage sag evaluation results has
significant influence on the credibility of evaluation results and engineering application value. Based on the blind num-
ber theory, this paper proposed a new method to depict components reliability parameters and voltage sag evaluation
results. Introducing the blind number into depicting the multiple uncertainties of components reliability parameters,
combining the advantage of the analytical method to assess voltage sag, this paper establish the model of evaluation
voltage sag on the base of the blind number and research on the specific evaluation algorithm. Upon obtaining the pos-
sible interval of voltage sag frequency and the corresponding credible degree, this paper take the blind number expecta-
tions of evaluation results as voltage sag frequency evaluation results. The proposed method had been applied to the
IEEE-30 bus test system, the simulation results have shown that the evaluation results have high accuracy, including the
advantage of deterministic method and interval number method, this method can not only give the possible interval re-
sults but also the corresponding credible degree, better satisfying the engineering applications.
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Figure 1. Matrix of possible values for blind number “*”
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Figure 2. Matrix of credible degree for blind number operation “*”
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Figure 3. System network structure
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Figure 4. Flow chart of voltage sag frequency assessment

4. BEERSRITMERRE

1' L q. F% T |f7| 0 8 | $
l I —=l
3I71¢£4 6 28 - 30

Figure 5. IEEE-30 bus test system
5. IEEE-30 Hi Uik R4t

Table 1. Voltage sag frequency at bus 30 when

37 SRR 4 GRS, BOTAZREEN YO/YO
407 .

R AL B AR ARSI, 2 SCHR[ 1314k g
B, FH I R R v b e i i P e Ab 3 3 B B B K
fRIEBEZE 30 R VTAL BEER, 25 WK 1. R, %1
HIRZE T AES RAX g R, v, B2 30 78
5 FE DX [R]85 B Ak ) B 45 R S B R
IRAHIE, R ZE/INT 0.5%, WFB T A< 5 2 1E fff 1tk A0
HEVE. EHSE R PR T S ES RN R L
B AR B A BT AE X 8], 1] b 43 ) &
X EE, HTRENMAMEE R, W HEEkX
18] °8[0.3, 0.5, B FEATIKE[4.4478, 6.5871]1X [8] iy m]
BRERK, mEERBEZX AN, XSRS
A EE AT, B AR T AR R,
ARG EREEEE .

550 FAE PR AT VE I — PR R B L, (24
TOPF R RS AR, e S R BT 1) A A 2
{8, NEES B AR A e v, 1T X TRV R 4h
HIX A, TR R EE. BEPHh LR FIR 45 H
SUAELVE I IX TR0V TG 15 31 8 18 40 0k 1) A8 A 15 400 %
Hopdn, SRTE0E, BRFE%EER.

6. &g

1) RGNS B AR A 2
FEVE, FIE B0 m] S A 2 i ] SEE SR 2 A A
MG R ABITE . K ENESE).

2) fEE SR A IUAT L T R DR A 5 9k 1 A i
SR AT B BB IR AR, B R A ]
HTCF SR ENE, R4 R 5O s E b
XAl 15, HESREEEERE.

single phase grounding fault take place

1. REBIRRMNEER S 30 LK FEITR

FLHS X [ [0.1,0.3] [0.3,0.5] [0.5,0.7] [0.7,0.9]
AIREMH A5 AIREMH RS AIREMH A5 AIREMH A5
[2.0162,3.2179] 0.17 [2.7472, 4.4478] 0.23 [3.7765, 6.2904] 0.18 [8.4652, 14.8668] 0.24
ESF 3 i B %L
[3.2179, 4.3281] 0.58 [4.4478, 6.5871] 0.65 [6.2904, 8.7257] 0.72 [14.8668, 19.2104] 0.64
[4.3281, 5.3263] 0.25 [6.5871,7.7391] 0.12 [8.7257, 10.7502] 0.10 [19.2104, 23.4684] 0.12
ESF(IX []7%) [1.8039, 5.4021 ] [2.5350, 7.6517] [3.8132, 10.6680] [8.3709, 23.4187]
ESF(s518) 3.8264 5.2596 7.2633 16.3032
BHME 3.8400 5.2733 7.2856 16.2653
W 0.36% 0.26% 0.31% 0.23%

Copyright © 2013 Hanspub

15



% R AR G T F R AN 5 P 1 FL S T B RO

3) X IEEE-30 5 s BL45 SR B, A SCHEH 1)

SR REWRrIFE SR P S K R N T SR Vv O
SR E VEXRT VAl &5 R, I BEdR7n VAl 4
MR S T REE A, B — @ B O E A T
TN A5

SEHL (References)

(1]
(2]
(3]
(4]

(3]

16

IEEE Std.1159-1995. IEEE recommended practice for monitor-
ing electric power quality, 1995.

Ml T RETE S M S sl M. dbst: i E ) AL,
2004: 124-125.

MO, EAE, BN, SUR AR s M A SRR I B
BUSTHITAD]. HIMER, 2007, 31(22): 30-33.

S. Z. Djokic, J. Desmet, G. Vanalrnem, et al. Sensitivity of per-
sonal computers to voltage sags and short interruptions. IEEE
Transactions on Power Delivery, 2005, 20(1): 375-383.

S. Z. Djokic, K. Stockman, J. V. Milanovic, et al. Sensitivity of
AC adjustable speed drives to voltage sags and short interrup-
tions. IEEE Transactions on Power Delivery, 2005, 20(1): 494-
505.

WREKSS, Moiftbh. 3T oot S i 0 e IS T B F Ak [, v
F1E L BES, 2008, 28(6): 66-73.

MG, T, AR5, SRR 5] R MR BRI R R
PEAG[D]. R E AL AR AE4R, 2009, 29(1): 87-93.

MG E, ZFBOE, RN, BRI S 2 908 A
A RS MR DA [T]. HE 0 B BB 146, 2010, 30(2): 43-47.

J. A. Martinez, J. Martin-Arnedo. Voltage sag stochastic predic-
tion using an electromagnetic transients program. IEEE Transac-
tions on Power Delivery, 2004, 19(4): 1975-1982.

M. H. J. Bollen. Fast assessment method for voltage sags in
distribution systems. IEEE Transactions on Industry Applica-

[11]

[12]

[13]

[14]

[15]

[16]

tions, 1996, 32(6): 1414-1423.

M. H. J. Bollen. Method of critical distances for stochastic as-
sessment of voltage sags. IEEE Proceeding Generation, Trans-
mission and Distribution, 1998, 145(1): 70-76.

M. R. Qader, M. H. J. Bollen. Stochastic prediction of voltage
sags in a large transmission system. IEEE Transactions on Industry
Applications, 1999, 35(1): 152-162.

C. H. Park, G. Jang. Stochastic estimation of voltage sags in
large meshed network. IEEE Transactions on Power Delivery,
2007, 22(3): 1655-1664.

E. J. Elisa, H. Araceli. An analytical approach for stochastic
assessment of balanced and unbalanced voltage sags in large
systems. IEEE Transactions on Power Delivery, 2006, 21(3):
1493-1500.

MG T, BRECEE. BURBL R R AU R BE LAl ).
Hh I AL AR 224, 2009, 29(34): 90-95.

M. T. Aung, J. V. Milanovic. Stochastic prediction of voltage
sags by considering the probability of the failure of the protec-
tion system. IEEE Transactions on Power Delivery, 2006, 21(1):
322-329.

MR, WRETR, BRIV S, T AR G0 I R R A S Ak
X TEPEAST]. B0 B 3k B4, 2009, 29(9): 7-10.

fE5E, TTER, WEE. SRS RS EEX
VAL [I]. H E HL TR 4], 2003, 23(12): 68-73.

Bk, i HL LR BR B AT MOR I X T S DR (1] A R ROR,
2007, 33(3): 1-8.

XUFFER, RANE, P ESE. AHE M SR A B % R A
[M]. b5t BREH R, 1999: 160-184.

WA, AR, BRE RS RGO E M
HOA R [I]. B0 B3k B4, 2005, 25(11): 1-4.

M. N. Moschakis, N. D. Hatziargyriou. Analytical calculation
and stochastic assessment of voltage sags. IEEE Transactions on
Power Delivery, 2006, 21(3): 1727-1734.

WA, ARR, MR, SN H RGN A E v
A A BE TV, B RS E FHL, 2005, 29(17): 28-33.

Copyright © 2013 Hanspub



