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Abstract

This paper proposes a reliability growth model and verification method based on power function
for power system reliability. Taking the urban 10 kV power supply system as the research object,
the growth models of power supply reliability rate and customer interruption coefficient are es-
tablished. The methods for determining pending parameters and verification growth model, and
the pending parameter calculation and fitting test results of power supply reliability rate and cus-
tomer interruption coefficient growth model for State Grid and its subordinate regional power
grid city 10 kV power supply system are given in this paper. The results show that the power
supply reliability of users in 10 kV national cities and State Grid is increasing. The variation law of
power supply reliability rate and customer interruption coefficient is in accordance with the re-
liability growth model based on power function.
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1. 5|8

HEF RGeS RESRAE L I RE 0 AP AE P2 FATT H W AR 3 5 R . T bl KRG H
BEE TSR GRS T AT, R F T SR ) — TR B T AE . 36 [E IBEE i@ Tt RG] S
FrifE IEEEstd-493-1980 ( wHEM Tk 57 F HL ) RGBTHIHERE Rt ) [1]. 3 [l ¥ 78 75 e EPRI K AT T
BEi R A SEVERT IR Y, A T AL RS AT SR I 8 UM ([2] . TEEE A54fE IEEE std 1366TM-2012
(IEEE FCHL RS AT SEMEARAR S [3], 44 H T LM RGOS G- AP ik . REIM 1994 4EiE,
L T SE VR I P O R TR I AT 2, 8 W RA A AT R P R AT EEME SR AR . 2003 4, HLJJATEE
PEEFLRLOHIE T DL/T836 (i RS Ll T SE VPN AURE ) [4], N Tt RSl SEME I Sei Fl
PR SCHRIS] (6] [7] [8], @IS Ax 35 7 AR AT S Ge i, e b 7 s P A P R M ) TR 2 HE
PR WORAE R B, SR TR IR P T EE M A

TEAE R R G n] FEVEER M 5 TARSCE T T, B P9 2= R RN 5 A SCHR[O]H2 Hi R A
RGN IEVEAS AR A B T S, ) T FE D A R mT S PR A RO VAL o SRR 10148 HL ) &R G Ak
FONIERA AT, RIS SR A BB AT YR 2, 1 7% He At i mT SE PR RSV 72 o SCR[ 1 14 HY
TARERGH AL PTG 7, T R KU S P gt T S Gk g R . 3
BR[ 12187 T A 6] L R o0t 26 2 P R e mT SE R 50, 0T 5 T 7 it A A A it e T SV RN 0 1
SCHR[13] (1415087 1 1 P9 40 B At f o] S0k B o Al 7 v AT SE VR B R . SCBR[ ISR T —Fhdk T
AR GE AR TR (R A R D P L F 2R 0 T Sk P A 1k o SCHIR[ 16148 7 3t Fi AT S R SR TS B0k (1) Ak 1T
Wo5ids, $E T AT SEVESR RS Tt B FE AR 00T S SCER[1 718 T R R G FE XS AT AT SR LR L VR AN
. SCHR[ISIHEH 7 —Fh I 0 28 B S50 FE PR T R DX P S AR o SCRR[ 1913 HE 77— ol 5 i b I ] S
MALSETH I R FVE . SCHR[201 48 1 56 0 B0 K1) 1) L 3 e o) ml S 4 T SR s

FE 5 brifE GB/T2900.13 (HL T AREAME 15 RS ED [21], HAFEMER K (Reliability Growth)sE XN
LA AT S P T N (R DB O IE ) — R R 7, SRR R G T SR I K B A RR
A EEPERY KA Y (Reliability Growth Model). OV KRG ATSEMES T, MIE T BRE /007, $Ra]
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FEVECCEE A I, et Ot R G T S R SRR O R TR . (B, AU ARG P TR
PERR AT T, R sh B TSR R K . i R TR B B H AR —, Rt
ARG VRIS . T g AR B SRR AR A AT A R T P (s AT SRR AR(22], % XIS H PR A 2 2L
Sl T T O 4 L P SRR AN A TR I R G P I TR AT FARE B, SR AR R
R EEVER KRB B Tk . DLAS IR 10 kv P R0 5 R 0 R TR Ji DX B T 10 kv R 2R
GiNwtFN &, JE A R G A AT R R RS AR IS ey i, s BT L R G P il
AR AR S, xR AR E A R G A AT SR KT BT R L BRI

2. ETRRHAOTEMEHEKCIRE
2.1, ETFRYA0EMA T RMEEKIER

RZHNURA HF 7= 0 T SR 0 £ EP I TR AR R R B A BRI SRR, iR 7 R S
HRIEH] 99.99%. £ ZEAR(MIL)HIE ZEAR(GIB)K HI T B BORF AL HL ™ b B P52 B2 OB KA, TR B
JTEZ N R AL S AR R AT S FR bR R T R B R B kIR, ARG K
FAIE R R R ECR R R . TR E 2 HCRF R i RG] 51, T R 0 Ron Hon] S
KI5 B A 2 — o fE i R G0 4 L m] SR P 4 i RS T S MV PR AR B R A B ok ROR
A LUK F 7 B BOR R R A FE R G I mT S R 3 KA o AR STk (23], AT DUR A B Bk SRR ikl R A 118
PRI FEPE KA (e RGEIE T T SR B AT S M I A, LR R B A SR B, W R A,
TR E W TR RGN R, B EE R RS TR AR R() P LARIR ] ¢ (R E, 12
AR L FR G ] SR AR A

R(t)=nt™ )
K RONE FRTTEEMESRSS, 0 ARESEL m K A5
2.2. ATEMEEKER NS H LT

() AT%D, BFE ¢ AT SEMER bR ROOTEXUS B bRAR B A 20 R R B/ 3Rk LA
(O FTRIAE R G008 FH AT SE I KB 52 S8 m 0 e ARIE AL F R Ge i T SE MR8 1 Se i (E,
TS 6 A R(e) T n AW EEE [ 1, R (1, )],[tz,R(tz)],[tS,R(g)],---,[tn,R(tn )j o & x =Int,y =InR(t),
IS fe /s —3feik, A9 (DR s (A H R G o] S PR A i ) A S UG THED

m=-b )
7 =exp(d) 3
_ A ~ Sxy _ 1 n _ 1 n n ) ) n o
Kt a=y-bx, b=S ) x=52x,, V== ¥ S,.=>.x>-nx’, Sxy=2x,.yl.—nxyo
i=1 n iz i=I i=1

2.3, AR KRBT &

SR bR R s B R G AT S I KA AR A 5 8 2, SR ARRE BV oR A RIS PR A
R B RN Bm AT EEVERE A A (AL R P DT RE AT DICR A d /s —3RVE R 5 AT SR R R 1Y
FEE S MRIEEAD TR AR L (24, BRI R ZEMERLR, sURRIEITE L H A SRS
PR A A . i SCHR[24 10, [BIHSFITAN S, =S, BRZEFITRIS, =S, —-bS,, ,» RS
BRI F =[Sy x(n-2)+ S, |IAGETH2EH F 43, sl LUK e v 5 1 5 KRR 0 X SR HU 2%
PEARSG, At Ul mT 5E P S T80 745 45 P 3 ST PO bR BT S P OB . R (i R R EE M S i £
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i, FE ML RG] SRR AR AT A N s BB Y TSR A, BR g AT FE PR AR Y

BOAUEJTVE o TR ek BT SEVESG KB (IR T, R F R B B R R T SEME R G BE E X AR

XPEARFRAR ot MR OC . MR SR [24], R AT SE I KA R IR gt & F iR A N
F—bey (n—2)

= Q)
S, —bS,,

Krf: 8, =3y -ny’.
i1

FERTSEME G, B MEACT AT SRS ETE AR XA, ATEEEEHR IR, M o Ron. &
SERENEACT a, HOCHR[2S]E F oA B EGR, A F,(1n-2). = F>F,(Ln-2)i, U
e BRI K R] SEVE SRR B 2 5 v TSR VR B A I, AP A IOMERARN, B, (DN
Pl R G SR TR R A KL M F<F, (Ln-2) 0, R4 IE N RGn] St 5 TR
EUNE RIS P RIER

3. AT REMETREBAOEKIRE
3.1, WA RRETREBEEKER
{4 DL/T836-2012 (HtrB RGBTSR PRSP BLAR ) (4], X Bt RGP TG 1 2V

PROABEHATEER Ry, HAFE A

t
RSI — 1_ AtlHCl (5)
PH

K tame A PP HBTA], oy N TE AR NEHL

AR5 (D F R B R G R ] TS PR R Y, T s AT RE AR Ry (¢) 25 T BRI A B Oy

Ry (t) =mt™ (6)

K m A Ry KB HIGK S, 0 N Re KB RE S

my I S SR B AL rT I K e E R R K. Hm > 0 B, R KRG AR ]
FEREBIRD: M m =08, Ra@OAFEE, RUMLHERFMBE T ERAE, Y m <0 B, KUMLH
RN PE AT SERAE H ARG, 2 iy ZEXHEDER R, At 2R 400 100 {3t R T 5 56 1 6 ol B P

FRIESH n R, R TR RGP ¢ = 1 BB EERKF. M =1, H R =
Mo

3.2. AFFRARETRRYHEKERR
B T EE R AT A G W ARIR

toy — 1 1
R51 — PH AIHC1 — 1 (7)
(tPH - tAIHCl ) + tAlHCl + pRl

KDF pra AP ARG E i 25, Hib R AR08
Lammict _ I_RSI
(tPH _tAlHCl) - RSI
FEME R R GE P 45 B R B pry FITHSE A, 73T tamer W ARG T 345 BN A, 70 By
= tamcn) T AERARE DS BE L R GEHI T P RN TR . T A5 B R oy VB SL, ROR B RGO

Pr1 = ®)
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By W 1A 5 {1 Pl R 5 TR R PRI B8], ey BRI DU B {1t ol R 5 P PT SRS, g R0/
a3 TR (i RGO AT S R R

AR (1 )t FhL R 5 1 150 P T S5 A B, 2 S 3 o SR 510 D P12 W R o ()25 T 5 R B B8 K A
by

Pri(t) =Bt ™ ©)

Py A pr BB B By pr BRI 9 R S50

puy WPVFR % SO e i ] SERE R K I e R ok, M < OB, RUIEH RS g
FPAEBWRIR, BORE PRI 20 = O, pri()HEL RUIBLE RGH  3  REOR
A, PR AT, M, > 0, R RGO R EWIR N, SR, 2
(AR AC, 3t FhL 2R 50 8 e T 5 e 0 K P

FsRORATR(T), FTLLE B R G 2 5 i REO BB BB T 33 R, (¢)  B0F AR

1

Rﬂ0=Hﬁfm (10)

Bt =1 RAROF(10), TTF pp, (1)= 4R, ()=(1+5) -
FLVEH, REESHE B W 7 AEAT SEPERG KA = 1 ), PR ARG 5 i 2R3 oy, (1) B
s T (146, ) " R T FETSERER KA = 1 ), (e R T3 R (1) BT

4. BT RERETRRYHE KRB RIEIE

FIF A E ST 10 kv B =42 0LE(n > 3) It l T SE MR G v 25080 , 3 vl LA s ik B [l 3t e R 4
JE E AT SR B KA A e S ECRS IR SE & F, JRIRIEIX LR 10 kv =k H m S o 0 A8 Ak R
IR BT A T bR A P SEVE G KA A DL S R Pt f T SRR R S B K E S, vt R RN B R
BRI . SCRR AL AT R 1992~2011 F4EI T 10 kv P b ] SR, oH 7B
I )4 E 3T 10 kv P T SEVE I AR pUAE, D@ T AN A H R A5 2 ANIRI XS g L AN [ 4
G A R R S ) 3 BT AT 9 5 P S AR

4.1. £EE™ 10 kV BT REBETEREHKIEEAIEIEER

AR SCHR[22] g AT SEME A R AT R At P AT SE R RO, 19 1992~2011 R4 [H 41T 10 kv H ik
AIEER Ry MRITEE RT3 1.

I FH T 422 7 1) A4 P T S R T R R A G KA Y S IO IE i, E R TR 1 A BT 10 kv
FIBE R AT SERR Rey AR H . 1992 4F 2 2008 4L A 1992 4F 2 2011 4 HIHE FE AT 5EA Ry SRS 56
IESGE A T4 2. g BEMKF a=0.1, BICHR[25], n=17 (B, B F,, (Ln-2)=F,,,(1,15)=3.07 ;
n=20 (P, HF,,,(Ln-2)=F,(1,18)=3.01. BT F>F, RULEERT 10 kv H LR FER
Ry FZBAGRUR TF & 30(6) T SR M KB AL . 3R 2 R0, my <0, RW 1992 45 % 2011 EAEIRTT 10 kv H
FEH SR Ry BIKES . TR KER e R4 R, 5% 1 T EESITHEEE R
A

4.2. EIREMET 10 kV #R TERETHERBIEKEB ISR

MR SCRR[22] F Sy a] S rp O R A RO IE L R SRS, B 2005~2012 SFEEFHEMAE KL TEX
BRI T 10 kV P AT 5 Rg, IGEiH45 15 T4 3.
N FH S BT S 7 A T SR T R A KA DL R BGIE TV, B AT 3 R E R A
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A RN B I 3R 10 kv P LIRS Rg, B H . 2005 R E 2010 ALK 2005 5
2012 FF LT FERE Ry S KA (R IRAIE 25 B 40 Il 51 T3¢ 4 FISE 5. 4558 B PEKTF o= 0.1, B SCHR[25],
n=6(F, fF,(Ln-2)=F,,(1,4)=454;: n=8 (P}, HF,  (Ln-2)=F,(1,6)=3.78. HIT F>
F,» FRWEZEMAF LI TEXEBEM T 10 kv PRI TEER R BARLERF & 2(6) ] 5
PERSRARAL . fHEE 4 FE S B0, my < 0, KB 2005 5 2012 4 F 5 A T &I T JE X M F 3k T
10 kV F P L AT FE Ry RIS . B A A &) S TR X M 3 T 10 kv - R T 5
Ry YA EEMEI KA g B4 R, 538 3 WM GHEER MR BB MRS .

Table 1. Statistical results of service reliability Rg; for customers with 10 kV of Chinese cities

= 1. =EWE™ 10 kv APHEBAER Ry, WFIiTER

Fr5 4 Rs1 (%) 5 &30 Rs1 (%)
1 1992 99.177 11 2002 99.907
2 1993 99.006 12 2003 99.866
3 1994 99.299 13 2004 99.820
4 1995 99.075 14 2005 99.766
5 1996 99.264 15 2006 99.849
6 1997 99.717 16 2007 99.882
7 1998 99.810 17 2008 99.863
8 1999 99.863 18 2009 99.896
9 2000 99.889 19 2010 99.923
10 2001 99.897 20 2011 99.920

Table 2. Verification results of growth model of service reliability Rg; based on power function for customers with 10 kV of
Chinese cities

2. £EWH 10 kV APHEATER Ry BT HREIEKRBNIEIEER

i N ul m F F,
1992~2008 17 0.98946 —0.00357 42.33 3.07
1992~2011 20 0.98966 —0.00341 56.12 3.01

Table 3. Statistical results of service reliability Rg; (%) for customers with 10 kV of State Grid cities
7 3. EIZRBMET 10 kV AP HBREE Ry (%)HWEIHHESR

A (S VA 1 P8 02 =N L R R R o NP 02 B S S e =N R [ A R A
2005 99.763 99.802 99.851 99.836 99.597 99.684
2006 99.839 99.848 99.845 99.902 99.817 99.720
2007 99.881 99.890 99.870 99.926 99.853 99.769
2008 99.867 99.905 99.889 99.929 99.744 99.805
2009 99.903 99.937 99.910 99.937 99.900 99.833
2010 99.933 99.950 99.915 99.948 99.929 99.870
2011 99.921 99.957 99.925 99.957 99.940 99.905
2012 99.956 99.966 99.936 99.973 99.946 99.921
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Table 4. Verification results of growth model of service reliability Rg; based on power function for customers with 10 kV of
State Grid cities from 2005 to 2010

2 4.2005 £ E 2010 FEREM 10 kV AAHBETER Ry ETERHBIEKERMNISIEER

B n m m F F,
FEE$:NT 6 0.99770 -0.00087 64.80 4.54
HbIX i 6 0.99797 —0.00084 348.20 4.54
ARIBIX 42k 6 0.99836 —0.00040 17.16 4.54
IR 6 0.99848 —0.00059 55.32 4.54
e X3 6 0.99637 -0.00156 10.08 4.54
[ APRC? 6 0.99667 -0.00103 83.99 4.54

Table 5. Verification results of growth model of service reliability Rg; based on power function for customers with 10 kV of
State Grid cities from 2005 to 2012

5%5.2005 £ E 2012 F£EZKEM 10 kV APEBEATRER Ry AT RERFUISKER ISR

B n m m F F,
I 2 H Y 8 0.99770 —0.00085 113.73 3.78
HbIX i 8 0.99798 —0.00082 728.60 3.78
ARIBIX 42k 8 0.99832 —0.00046 4271 3.78
R 8 0.99848 -0.00059 119.25 3.78
e X3 8 0.99639 -0.00153 22.89 3.78
[ APRC 8 0.99656 -0.00119 116.09 3.78

5. APEEARETEREEEKREEIE
5.1. 2EH™ 10 kv AP ERRYETEREUE KRBTSR

W22 1 2 EIET 10 kV EHE RS ML AT SRR R, IS4 5, MR35 ()55 H & EIs T 10 kv
BEHL R G FAF R pry 51T 66

L FH SR ST A LR G P R RO TR R B I KA DL R IGE i, BT 6 A
(4 BT 10 kV R R G0 S R pry AL SS . 1992 4728 2008 4L JL 1992 428 2011 4R (1)
BEETTEEVESRAR pry B KB IS5 R B T 32 7. 4558 BB KT o= 0.1, B SCHR[25], n = 17 (4F),
f Fyo(Ln=2)=F,,,(1,15)=3.07; n=20 (%), HF,,(Ln-2)=F,(1,18)=301. BT F>F, £HE
E T 10 kV i RS0 5 R pry PRV FF & ROV KB, B 7 50, w1 >0, RS
EI T 10 kv it REEROH S i R BUR P . WL 6 &1, 1992 4% 2011 48, FREIRTH 10 kV L
ARG 5 HL R pry M 0.00830 R FEF] 0.00080, 1992 £E 4 2011 A4 FEIRTH 10 kV L KRG H 15
AR pry 2 NS, RUMEHE REM LR R Ry 2K EA . 2ET 10 kv H P E B REUET
RN KRR E RS R, 5% 6 F T B R BB R UG
5.2. EIZREBMET 10 kV HEB RS pr BT R R BIE KRB RIHELER

WA 22 3 [E 58 R I 2 ) R HL T 8 X L IR TT 10 KV R RGO s AT SRR R, MO TH 45 5L, AR X
(8) V545 H 1B 5 o 2 ) B LR B IX S R 3T 10 kv P i F R GE I FH P 15 L R AL oy B T2 8

L FH At HL R 4 1) FH 45 H R O T R B S AR DA IR E TV, e BT 8 HIE R A
A S HR B XA R 3R T 10 kV LR G P R B pry HIZEAEE S . 2005 AR EE 2010 47L& 2005
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FEE 2012 I BEHL R G S H R B pry SE KA B IRIE S5 S5 M FI T35 9 FIEL 100 4558 BE KT o
=0.1, BEHR[25],n =6 (FF), A F,,, (Ln—2)=F, ,(1,4) =454 :n=8 ({F), H F, , (Ln-2)=F, ,(1,6)=3.78 .
HF F>F,, RUIEZ BT TR XM 3T 10 kv 4RS00 PSR pry AR AR
FFE RO KBAL . e 9 FIEE 10 J1, g > 0, KB 2005 452 2012 4 B S W A &) J R JE X H )
PR 10 kV RGP T R pry 2 FFEEH . 72 8 AT%1, M 2005 4F 5 2012 4F, [EFHMA
F) ST R DX R F 452 B R py STV, pry 2 FREESS, R RS ATRER Ry 2
B A o [ 5% R R0 2 ) R T T IX 45 FEL R R TT 10 KV 3t F 2R G O 45 fEL R B gy AT S 0 KA AR
EEANTER, 53 8 H 7 R EIR B AT E .

Table 6. Calculation results of customer interruption coefficient pg; for power supply system with 10 kV of Chinese cities

= 6. ZEH™ 10 kv StEE ARG A PIFR R pr, BITHEER

e Epy PRI e Ay PR
1 1992 0.00830 11 2002 0.00093
2 1993 0.01004 12 2003 0.00134
3 1994 0.00706 13 2004 0.00180
4 1995 0.00934 14 2005 0.00235
5 1996 0.00741 15 2006 0.00151
6 1997 0.00284 16 2007 0.00118
7 1998 0.00190 17 2008 0.00137
8 1999 0.00137 18 2009 0.00104
9 2000 0.00111 19 2010 0.00077
10 2001 0.00103 20 2011 0.00080

Table 7. Verification results of growth model of customer interruption coefficient pr; based on power function for power
supply system with 10 kV of Chinese cities
F 7. 2EHH 10 kV BRFEREY pr BT RRBUIERKRBREIEER

ﬂzﬁj\?@ n B Hi F F,
1992~2008 17 0.01484 0.91155 36.22 3.07
1992~2011 20 0.01552 0.94424 56.37 3.01

Table 8. Calculation results of customer interruption coefficient pg; for power supply system with 10 kV of State Grid cities

8. EREBEMET 10 kV #EERGH A P IFERE pp, HIHTEER

G20 (E PR /NI | o M 02 = L R R = B =5/ N R = S N I | AR 2 B
2005 0.00238 0.00198 0.00149 0.00164 0.00405 0.00317
2006 0.00161 0.00152 0.00155 0.00098 0.00183 0.00281
2007 0.00119 0.00110 0.00130 0.00074 0.00147 0.00232
2008 0.00133 0.00095 0.00111 0.00071 0.00257 0.00195
2009 0.00097 0.00063 0.00090 0.00063 0.00100 0.00167
2010 0.00067 0.00050 0.00085 0.00052 0.00071 0.00130
2011 0.00079 0.00043 0.00075 0.00043 0.00060 0.00095
2012 0.00044 0.00034 0.00064 0.00027 0.00054 0.00079
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Table 9. Verification results of growth model of customer interruption coefficient pg; based on power function for power
supply system with 10 kV of State Grid cities from 2005 to 2010

% 9.2005 £ E 2010 FEZREM 10 kV BFEEAY pr BT R RBIGKRBIEIELS

L n B W F F.,
I 2 H Y 6 0.00247 0.61547 32.14 4.54
HbIX i 6 0.00228 0.75305 47.26 4.54
ARIBIX 42 6 0.00170 0.34215 15.56 4.54
IR 6 0.00157 0.60445 174.01 4.54
e XI5 6 0.00393 0.79274 9.14 4.54
P b IX 4 6 0.00354 0.47306 34.02 4.54

Table 10. Verification results of growth model of customer interruption coefficient pg; based on power function for power
supply system with 10 kV of State Grid cities from 2005 to 2012

= 10.2005 F £ 2012 FEKREW 10 kV AP EE R pr BT BREBUEKR AL,

Hhr n Bi W F F.,
I 2 H Y 8 0.00264 0.70181 39.31 3.78
HbIX i 8 0.00247 0.86304 84.86 3.78
ARIBIX 42k 8 0.00181 0.42766 33.54 3.78
R 8 0.00172 0.73457 63.25 3.78
e XI5 8 0.00431 0.92583 25.04 3.78
P b IX 4 8 0.00403 0.65588 34.42 3.78

6. it

1) A A Z G0 7 At F vy S 1 i T R e P T SR G RO, A Tt T SRR S R
REIGKAER, 5 T HE R G0 A T SRR KA B0 E i, T DU SR E = At R G
JARE R AT SE I AR

2) AEYRT 10 kV S5 E KM 10 kv At A )5 S50 T ok B0 KA (1) 58 850 AT A e 45
U 1992 4E 2 2011 AFIRTT 10 kV A HL R G0 At f AT 5 SRR A0 5 & ST b BT ) (it P P S 8 T T R
B AT REPEI KA, 1992 4% 2011 44 EIRT 5 2005 4E & 2012 4EE K BRI 10 kV gL ATFER
Ry RIGK T

3) AERT 10 kV 5E BRI 10 kV fEHE RGP R pry 107 R EUEBRIIE RS R,
U 1992 48 2011 AFINTHT 10 kV HEHU RS A5 B RECR AR TT &2 TR R AU KA, 1992
FEF 2011 FAEWHE 2005 £ 2012 FEFERIRTT 10 KV H 5 HE R B pry 2 PR 5
R RIGK A

4) SR A AT EE SR Ry AT R B pry 23 ) D9 R BR B AR Y, AT DASRAIE 1992 4F £ 2011
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