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Abstract

This paper proposes a reliability growth model and verification method based on polynomial for
power system reliability. The statistical formula of the power supply reliability rate of the power
supply system and the calculation formula of the customer interruption coefficient are introduced.
We applying polynomial fitting modeling and fitting test method to establish a polynomial-based
power supply reliability rate and customer interruption coefficient growth models for power
supply system. Based on the analysis of power supply reliability statistics, the column graph is
used to analyze the year-on-year change trend of power supply reliability rate for State Grid and
its subordinate regional power grid city 10 kV power supply system. The calculation results of the
customer interruption coefficient for State Grid and its subordinate regional power grid city 10 kV
power supply system, and the pending parameter calculation and fitting test results for power
supply reliability rate and customer interruption coefficient growth model are given in this paper.
The results show that the power failure factor of users in urban 10 kV power supply system is de-
creasing, and the reliability of power supply is increasing. The variation law of power supply re-
liability rate and customer interruption coefficient is in accordance with the reliability growth
model based on polynomial.
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1. 5|8

PEHL R G AL L) R G M R G 1) T P A0 B 1 B A ARG 4, flbH R AT P ik e T
P, BRIV E RGO PRSI EE . i RGP LR TSR G RV, R R e R
EH—IEE T AR

TERE RGP SEM ST RV 7T, 1980 4, EEMEA S M7 LM% 4 IEEE filE T 58—t
HL RS AT S AT ML HEE AR i TEEEstd-493-1980 (AT A& Tl 55 H B KRGt HEdE s ) (1], LA
Ja K4 5 BT — K. EEE LT HAE AT, [EEEstd-493 K A7 A8/ 7 i) 2 fit B 28 48 ml SE o 32
T S A SRR SR . 2000 4F, 32 [E ML FUBE EPRI (Electric Power Research Institute) & Afi 1 £
RGN TR, Al TR TR & un A omgiH it i RG] SEME R bR 6w SCRIT74[2]. 2012 4,
IEEE MiAf b5 #E IEEE std 1366TM-2012 (IEEE BCHL R4l fEtfabn ) [3], R THLH KRG nT Sk
G FIVEAN .

FRIE N 1994 4EE, HJg AT SEPEE B P OB E BT T IR R AT 2, 8 BTR AT bR A P AT
PEFRR, A ORBEH RS P AL TSR AR G S R AN R E B AT EEMEAEIR ” [4]. 2003 4F, HL)
AISEPERE B O E T DL/T836 (L RS H AL A AT SE VP AR Y [5], BT R G T Stk 1 4
TERIEAY o H ) AT SEPEE B rp O R GE T IR A - B B AT SE R AR, 25 X3 P DR 3 A T R 1 1 ]
FEMEAWHEK TR E R RGOSR T, E PO E T R R AT, SR A S
PTG, DM R P TSR K. (B2, ARt RGH PR TR T, B
UANRIEA S 5 b
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i RG] E N EEHIRZ —, SR R G R R . E S0 GB/T2900.13 (H
TARIBAMEHE SRS E) [6]7F4 H T Al 5% (Reliability Growth) 3K (5 o “ PP Sl S e
I B [0 20 38 D RE AR 1) — Fh O R 7 o ROk L R G AT I 1Y K I B R TR R Dy T A A Y
(reliability growth model). X fH KRG H P AL rf SEMEHEAT BAR S, SF T RAE KRG A P Aty FE
KA FOIGAE 7 VAW E o @ B Tt f R G kv ] S 1 G KB A IR 7, A ke RS
UL AT SE I AR Y, TR S R G R P T SR B o L RO, AR AT .

2. ARG ATEMRZE T IT R
2.1. BETERNTEAR

R4 DL/T836-2012 {fitr R H AL AT FE MR IRED [5], ST OLrE R &l S AT & AR /Y
FEFM AR AP EER Ry, HIHHEAXA.

t
Ry, =1--AH (1

A tamcr A TEIE IR, g D9 TH RN 2
2.2. HERGRAPEFERBOTELAR
Rt St Rt HE AKX (DRF N

toy —1 1
RSl — PH AIHC1 — (2)
(tPH _tAIHCI)+tAIHC] I+ g,
L)F, pr BTHEA LN
t 1-R
pRl — AIHCI1 — S1 (3)
foy — Lamc R51

AR BRI R B S, HE pr FOAHE L RS P RS, AR T tame H
PR RGUR I I RL, 20 Bty — tamcr) nT LAERAEOS S B R GERO 7 3 Sl B[R]0 ) 45 e R K
pro VIERRSCUIR, R Bt E R GRS 05 R ) & e RGPS AL IR T R ELA, pry BE /N
KM RGPSV, pry REVNERHFORME RGN P S RIS

FEL R TSR PTG R DL T, (R ATEER Ry AR R T HAREL prys AT LARREONIS ] ¢
IR K. FEIDNERS ¢ SRR, 5 AR E pry () FTRIE LR 230

1- Ry, (1)

Pra (1) “TR) )

Ref, RO N5 ¢ 4 Ry MGG
3. RERGAREMET SHMANBFER
3.1. BT SHMAM A EMEKERE

P RGP F R AL R T ISR A 2 ORI . R SEPR i, AR
y SHEREMKXRMA, EMHA%EREE A, ST U2 BACRIE (7] R L TR R R RG00]
FEVE ARG, FURE T DAL B R AR i 2. SRA] y TR R SR AT FER R BOR] 45 H
AH pris 3O RG] FEVERG KARAL ) 5 IR 00N
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y=Cx’ +C,x* +C;x° + C,x> +C,x + C, 4)
x=t (6)

KA, y W0 ¢ KITREEEE, G, C, G, G, Cofl Cs NF5E ZE. NH Excel Ip A%, it
1770 5 IREIABA T, FTUAE 5 IREIMABEARMIFESH Cp Crr Cos G Co M Cso

3.2. ZMA TR MHEKRB IS E
FETREN A0S, 8 A AR R AR B R Sy Bl S M AR AL 0L & T St Se i Bl 1 45(8] . R?
BRPEVT 1, FTl rl SRR KBRS W S ST R R, IS . AHOCHR B R 52 S

R = 1_2(”—_”): %)
> (-7
Ay WA REG TSRS THE, ¥ A RS TSR ST E R T,y 1R ] S
KA BT HAE .
3.3. HtEE AT RERET ZMAAEKIERE
WRIERG), 2 y=Ry(t), x=t, FHBGRATFESR Ry £ T 5 IR WA AT SR AL,

Ry (1) =Cit* +Cyt* + i + Cyt* + Gt + C, 8)
X, Ra(ONHE—F0r ¢ SR TSR A HUE .
3.4. APEEABETSHMANEKER

ZHAG), 2 y=pp (1), x=t, BHEBRGEWHFFHRE pr 22T 5 RE TP ATFE MG K

FRARL N
Pri () =cst +et* + o’ +opt” + ¢t +¢ ©)

X priOAEE T« IPE R pry BUE, o0 v 20 c30 cq Ml es AFE REL
3.5. APEBEABAZIMANH#BITERNHEAR

AL R G 5 i R AR T 2 W KB )RR (), B R AR TSR Ry (0T
SN
_ 1 B 1
4o (1) et et velf 1ot fet e,

Ry (1) (10)

4. £EW™H 10 kv AREETES A S MR E KRB ST
4.1. £EI™ 10 kV HEATERNSEITER

FEXHAE o R G AT SV GE i B PR SR AL b, R SCER[4) R AR B R SRR AR, 54
3T F P A s rT SRR AR Ge it 45 . 6 1 A H T 1992~2011 SE4[E IR 10 kV F 7 it sy 52 %
Rslo

FIF 2 18R, 50 1999~2011 FF4ET 10 kV P LB AT EER Ry, BETHEE, K
1 e MWE T ATRAE S, 2EH 10 kV H P AR AT R Ry R KA,
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Table 1. Statistical results of service reliability Rg; for customers with 10 kV of Chinese cities

%1 2B 10KV BAHRTRE Ry BETER

e 6 Rsi (%) e Fy 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

R., (%)
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Figure 1. Trend of service reliability Rg; for customers with 10 kV of Chinese cities

1. £EEW™ 10 kv B AREBERTESR Ry, TS
4.2. £EE™ 10 kV BT RBETZMA KRR ISR
I FH A ST ST R A AT B R I 2 0 ) AT SRR KRR A DL ARG ik, RO 1A
A ET 10 kV P RIAE R AT SR Re, AR LA 1992 4EZE 2008 4ELL % 1992 4E % 2011 4E Rt Al 5
E R BT 2R MG KA I IIE LS B WF T 2. T R?> 0.9, XHAEWT 10 kv P Rdtd
A[EEH Rey B IR AT & 20(8) 7 ) FE M AR A
4.3. £EE™ 10 kV APEBERBRTESER

AE e 1 A HMAERT 10 kv H P T EER Ry MR, NMAR@E), e EW
10 kV L RGPS R B pry TR SRS T32 3. R 3 ATULEH, M 1992 4£% 2011 4, KEH
BT 10 kV P A L R 8 2 L R B pro A 0.00830 R IEF] 0.00080, 4> E Ik 10 kV B pry 2 F
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Table 2. Verification results of growth model of service reliability Rg; based on polynomial for customers with 10 kV of
Chinese cities

2. ZEWEH 10kV BPHEAER Ry BT SIMAE KRB NIIEL

ARG 1992~2008 1992~2011

Co 0.9966690158 0.9960802178
G —0.0067586000 —0.0060451212
G 0.0022993763 0.0020502011
G -0.0002710117 —0.0002358350
C 0.0000135820 0.0000114418
Cs —0.0000002467 —0.0000002001
R 0.93 0.94

Table 3. Calculation results of customer interruption coefficient pg; for power supply system with 10 kV of Chinese cities

F 3. 2EHH 10kV HERZGHR PIEERE o BIHTEER

Fr5 FEr pra P G pri
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

%, RUISHE RGN RATRER Ry 2 KBS
4.4. ZEWET 10 kv APEERBET ST KERNIEIEER

JSE FH AR SC 3 ST A A3 R ) S T 2 T m v B KA A DA LA T, e TR 3 A
A ER T 10 kV HRHRG R P R pry 7RG S . 1992 22 2008 LA 1992 4F28 2011 -1 H
FUE R R pry T 2 0 TS KA R (IR 45 SR BB 32 4 FEE 5. T RE > 0.9, RAEHE
B 10 kV B HL R G 5 R pry IR RF & 20(9) R R I T FEME IS KA AY

5. EZREBERET 10 kV A B AR A Z TR ECER RIS HIF
5.1. ERBMET 10 kV B ATERNSEITER

FEXT AL R G0 v] S MRS RO PR S R (K At T, BRI SR (4] R AR 1 Ay o] St 4R bR, 131 E
SR FH P AT SE R R AR I BRI 45 . 42 5 4 T 2005~2012 AR E 5 HL Y 2 B KL T DX I8 F I 3 Tl
10 kV P Bl AT SE 5 RST MISTTH45

M 5 #ds, 4531 2005~2012 4F 3 5 0 2w AL J& XCECRL T 10 kv P AL RL AT SE 3 Ry,
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Table 4. Verification results of growth model of customer interruption coefficient pr; based on polynomial for power supply
system with 10 kV of Chinese cities

4. 2EWH 10 kV HERZHA P EERY o 2T SR IEKR B AIEIELE

O 1992~2008 1992~2011

co 0.0033468696 0.0039541444
c 0.0068373910 0.0061011089
e —0.0023273574 -0.0020700253
s 0.0002745210 0.0002381611
Cs —0.0000137707 —0.0000115564
cs 0.0000002504 0.0000002021
R 0.93 0.94

Table 5. Statistical results of service reliability Rg; (%) for customers with 10 kV of State Grid cities
5. EIREMET 10 kV APHEBERIER Ry (%)BIFRITER

A XM AR EIEXEER AR SRR SRR PR
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

BERAHTEE, il 2~7 Fron. AE 2~7 "TUVE Y, B H A 7] R 3 T8 XM 10 kv
B ATEER Ry BT EEVE A K

5.2. EZREMET 10 kV HETRRET SN KRB EHIFER

JE P AR SC 3 ST 1) A R AT 2R T 2 T A S R AR A DA ARG TV, BT 5 A
] 5% L A ) B FE R T8 X3 R R (3 T 10 kv I BEF AT SE 3R Ry 7R fEE 35 . 2005 4F & 2010 4F LK
2005 4 55 2012 £ BTS2 3R Ry, FE T 2 A 3 K AR AL AU 36 R 45 40 81 T2 6 R 2 7. F T R > 0.9,
] 5% PRI ] B LT T DX 3 L ) 4D BT 5K PR 2 ] B LT T X s R I PR 3R T 10 kv P R L AT HE S R,
(AR A B A 20(8) A I P FEMESG KA AY

5.3. ExRBMET 10 kV APEBRZBNTEER

W2 5 A B E S WA F LSR8 XK MR TT 10 kv H P AL T 525 Rg, (G845 3, B A
T(4), AT H 5K A ) R L R B XSk IR T 10 kv A i R G P 45 HE R B py HOTH B4
RYITA 8. W4 8 AIAL, M 2005 4F2& 2012 4F, EFKHM AR KHTEXEEMEHEERFH 5 H
R pro AW/, LS RO H T 10 KV P pry 2 RS, RPMHE ARG RTER
R R K&

DOI: 10.12677/jee.2018.63032 276 ZER I


https://doi.org/10.12677/jee.2018.63032

B, LE

Ry (%)

100

99.8
99.6 -
99.4 -
99.2 -
99 -
98.8 -
98.6
98.4 -
98.2
98 T \ \ \ \ T T

2005 2006 2007 2008 2009 2010 2011 2012

Figure 2. Trend of service reliability Rg; for customers with 10 kV of State
Grid cities
& 2. EZRBMET 10 kV BB REER Ry HEHIESE

Ry, (%)
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Figure 3. Trend of service reliability Rg; for customers with 10 kV of North
China Grid cities

3. feb XIS MET 10 kV AP HEBATRER Ry HELES

Ry, (%)
100
99.8 +— B
99.6 — -
994 +— -
99.2 — B

99 1— B
98.8 B
98.6 T B
984 T— B
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Figure 4. Trend of service reliability Rg; for customers with 10 kV of North-
east China Grid cities

B 4. ZRACXBEMET 10 kV APEBAER Ry T LIEE

DOI: 10.12677/jee.2018.63032 277 ZER I


https://doi.org/10.12677/jee.2018.63032

B, S

R, (%)

100

99.8 -

99.6

994 -

99.2

99
98.8
98.6

984 -

98.2

98 -

y

{

y

y

T T T T T T T

2005

2006 2007 2008 2009 2010 2011 2012

Figure 5. Trend of service reliability Rg; for customers with 10 kV of East Chi-
na Grid cities

5. AR MIET 10 kv AP HEBETRER R HENES

Ry, (%)

100
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Figure 6. Trend of service reliability Rg; for customers with 10 kV of Central
China Grid cities
6. ferh X MM 10 kV A PHEBE I ER Ry HIENES

R, (%)
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Figure 7. Trend of service reliability Rg; for customers with 10kV of Northwest
China Grid cities

B 7. BALXEEBMET 10 kv AP HEBAIEER Ry BT LESE
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Table 6. Verification results of growth model of service reliability Rg; based on polynomial for customers with 10 kV of
State Grid cities from 2005 to 2010

5% 6.2005 £ £ 2010 FEKEMEETH 10 kV APHHEBEATEER Ry T ZMAEKERAIEIELER

Li¥na I ¢ HL oA b X ARABXK AR X I Her X I PEALIX 3
Co 1.0009299999 0.9998899999 1.0004100000 0.9974500000 1.0069800000 0.9973700000
C —0.0084216660 —0.0046540000 —0.0037620000 0.0008173333 —0.0288376667 —0.0013913333
G 0.0073541667 0.0039433334 0.0025125000 0.0002716667 0.0260941667 0.0011333333
Cs —0.0026241667 —0.0013587500 —0.0007520833 —0.0002195833 —0.0097895833 —0.0003070833
Cy 0.0004158333 0.0002116667 0.0001075000 0.0000433333 0.0016208333 0.0000366667
Cs —0.0000241667 —0.0000122500 —0.0000059167 —0.0000027500 —0.0000977500 —0.0000015833
R 0.99 0.99 0.99 0.99 0.99 0.99

Table 7. Verification results of growth model of service reliability Rg; based on polynomial for customers with 10 kV of
State Grid cities from 2005 to 2012

5% 7.2005 £ 2012 F£EZKEMEETH 10 kV APHEBEATEE Ry T 2NN EKERAIEIELER

Ffr e X HL Y B IX IR ARACX IR HAR XI5 Herh XI5 PEALIX 3%
Co 0.9944275001 0.9971225000 0.9993375000 0.9966400000 0.9840900000 0.9972200000
Ci 0.0051922861 0.0012202780 —0.0014545484 0.0025123403 0.0199545408 —0.0011112926
(@) —0.0025466040 —0.0004094682 0.0007719100 —0.0009601748 —0.0102653380 0.0009639423
G 0.0006049170 0.0000918400 —0.0001604414 0.0001818473 0.0024044376 —0.0002649752
Cy —0.0000675102 —0.0000104618 0.0000150714 —0.0000167016 —0.0002586131 0.0000324854
Cs 0.0000028494 0.0000004519 —0.0000005288 0.0000006026 0.0000104038 —0.0000014712
R 0.97 0.99 0.99 0.99 0.93 0.99

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

8. ERBEMET 10 kV #HEERGHRAFEERY on OITELER

Ry
2005
2006
2007
2008
2009
2010
2011

2012

FREMAR IR R IR
0.00238 0.00198 0.00149
0.00161 0.00152 0.00155
0.00119 0.00110 0.00130
0.00133 0.00095 0.00111
0.00097 0.00063 0.00090
0.00067 0.00050 0.00085
0.00079 0.00043 0.00075
0.00044 0.00034 0.00064

HEIRIX S5 A
0.00164
0.00098
0.00074
0.00071
0.00063
0.00052
0.00043

0.00027

Xk PEAEX IR
0.00405 0.00317
0.00183 0.00281
0.00147 0.00232
0.00257 0.00195
0.00100 0.00167
0.00071 0.00130
0.00060 0.00095
0.00054 0.00079

5.4. EZREMETH 10 kV APERFZHET I HE KRR 0EIESER

N FH AR S ST P e e R B T 2 T A KA A DL S LSS I v, e TR 8 A HIE K
FE PR 5] R 3 X3k A3 TE 10 kV i H R R S H R S pry FIARALEEFA . 2005 FE 2 2010 FELA

B¢ 2005 4F 55 2012 R T HAREL pry BT 2 B IGRATR () 9640 25

AT 9 A 10, T
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Table 9. Verification results of growth model of customer interruption coefficient pr; based on polynomial for power supply
system with 10 kV of State Grid cities from 2005 to 2010

#29.2005 £ X 2010 FERBEMETH 10 KV HERZEHNAPFEERE o BT ZHRIEKERMIIELER

A I 2K EL Y LXK ARABX Ik AR XI5 Herh X I PEAB X Ik
co —0.0009281742 0.0001116694 —0.0004132697 0.0025572496 —0.0069822590 0.0026370627
cl 0.0084353677 0.0046612476 0.0037728128 —0.0008239476 0.0289067835 0.0013996076
[} —0.0073688265 —0.0039505198 —0.0025196442 —0.0002692337 —0.0261709045 —0.0011405106
c3 0.0026298025 0.0013613305 0.0007541855 0.0002191832 0.0098208324 0.0003092058
Cs —0.0004167612 —0.0002120731 —0.0001077934 —0.0000433071 —0.0016262293 —0.0000369451
cs 0.0000242219 0.0000122736 0.0000059324 0.0000027497 0.0000980836 0.0000015969
R 0.99 0.99 0.99 0.99 0.99 0.99

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

2 10.2005 2 2012 F£EREMET 10 kV HEAGEHA P EERY pr BT SRR FI0IELE

AT ] 5% H ) b X 35k HRALIX 3, IR X Ik Harp X 5 PHAEX 35k

Co 0.0055886449 0.0028844277 0.0006620884 0.0033676470 0.0159874213 0.0027895448
c1 —0.0052087406 —0.0012241881 0.0014592663 —0.0025198012 —0.0200557216 0.0011145117
C 0.0025540527 0.0004105461 —0.0007745098 0.0009632380 0.0103159511 —0.0009675861
3 —0.0006065599 —0.0000920123 0.0001610186 —0.0001824586 —0.0024160659 0.0002660000
Cy 0.0000676828 0.0000104767 —0.0000151296 0.0000167604 0.0002598519 —0.0000326084
Cs —0.0000028563 —0.0000004525 0.0000005311 —0.0000006047 —0.0000104535 0.0000014766
R? 0.97 0.99 0.99 0.99 0.93 0.99

R2>0.9, FHIEZ MBI 10 KV d R G000 P REL pry (107510 U & 20(9) 72 7% 1 vl $E P ds K

R,

6. &g

1) SRR BRI A E IR 10 kV 5 15 5L 7] R R Ja DX R 10 kv HT P gl vl g

R S,
KRG

R E TS E SRR 10 kV 1SR pry £ TGS Ui R Ry 2

2) [T 10 kV 55 E AR 2 5] R R XL T 10 KV A A AT SE S0 8RR R (1 5 B o3 A A
IAUESIR, RIS 0 A AT S AR AR (AU 5 ST P A 1 i P T AR T 2 T T S R AR
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