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Fig.1 A real feeder of mid - voltage distribution system

v SO B T IT 5 /N BT e 2 1, 2R IHE
B oy BOT K e £, AHIFZE T FA0 50 AR A B
— NS B B R B IR — S T B 4 T R —
LRy A AL R — A T B, ARSI IF RN
S AL BRI AT EAT I SCHR A (4 R N B BT —
ANEEEB, FHAR 2 R B 2 A BOT R TR
F I RIS T HGE AR B A8 2 LR BE A —
ANIrBOT IR IR T I & T — kg, K1
LA HE R JEL 20 1 1 2k e ity LA LA £ 3 B
B, SKRE T B B b 2 BT B2 R, B R AR
Oy SO TR A A 1 R L4 HRRA 1 52
AN BOITR W OLER R 5 T b, W B R
R RAG MU A7 300 o, (EL S5 B 7 g o ) 5 ik 6 S
HRIEA o BT AT LAERAE Y

2 Ek

B AT ol B A R P A X SR A 2 K
PR R A B SE R S A th TR I A S B 4l 5
70 B H 6 B B R A7 i B 14 A6 (L A | T A% A
e Ay s B i =5 SR 43 B, B30 A ey s 1Y) AT PR R
A PG b S FHL AL HE & FFE b
2.1 oBEHE

T B I P A9 DG SR IR AR L OF s Atk
A RS RS RIS BT Rk
A GE 8 512 R A A IF BB ROIR A 15 B TR
R

A=A+ X (1)

=Nt/ +Xt") /A (2)

oA A AR B R TR R R B G 5 R
R R KB 3R 50,0 1 053 50 S oG A 9 s 15

S IF ] 5 45202 B[R] RN S R A& B ]
TR i R 1 S5 R R 38 B B A A LI (] 43 )
ﬂ‘:’ Arp il tip, Ij\"J

ALP:k:Zl . Ay (3>

4)
Krp m AT TR R 2 (e ) s M kBB
T BB A A 2 5350 R K b O A4 1 il s
I A8 52 1t (]
A 2R [ R 1) B AL I 8 R A5 AT A5 H B[R] 3 i)
kAL g,

tLszZ] g, Ay by,

)\L:/\Lol'{'ns/\S (5)
l=Arol o+ n AL, (6)
A A RIS ) B K B R R B s LR

852 Tl W Z B L 5010 O R B B

1B SN E] 5, S 2R R 0 BT S B0 A

b 390 R 23 BETT 5 1) i B 3 1 e A 52 I (1]
22 BEEAEBERSFHELATREFREE
B R

SE SCF 9 A s AR A5 IR AR AR o ST B
N RSB T N g, T X R R K k(R #)
IEH B AT BRI ZS TT M 25 TF OG0 M A 2k i
Bej 5k s BOC R, B O R A kS s
WL, ARG IR 5 kSR G A U B
IR I W AR VR, B A 25 0 R HA WA A
KEWTIIE LU b A S BT R B YRR
W B, W] RoR N

Ec=)\hm+_§1:)\Lj+(1—P)_ 12#/ Arpit ALy (7)
Jj= i=1,17k



%12 8

FE 48, HET B 5 Mo 8 0 o PR e 1 T S 4 6 02 FMEA 3 @

U Ay ST T S BT S A R 38 e Sy R B R

SR Ol BT B R R p O R W (B % L

Wt B 45 ) B4 R SR T I ABE R T i o€ 4z ] SRt

p =1, HAb G fF RS BN S0 ke SRR R
23 BEEXERIMHEATAFEHESHEM
] 45 ¥R

€ XD S AT AR B BN (R HE AR, D, FRR
TAART A5 ke AR SU) B A5 R N ] R A SR S B
FBF (k) A 67 R () (R () 3 28, 43 A 7 ik
B AR =5 SR A A s XS 3 B X 4 D, i TRk

a. R ko k RUATR IO AR — 2 Bk
AL W, & Dy N kA B SR i
Hﬂm ,)Fllj Dy=Dypyo

b, Hoflfaftl i, HATY @ b HLG W e R
WTIN) A 2 B ke AR o 5 5 S Dy A SRR B 0
Hﬁ%ﬁﬁlﬁf,ﬁ kA5 A B[] ,Dl'J Dy= (I_P)tl,pio

e RERHR G, 8 SC 1A LU N I R i i 20 4R B
e j i A Ee ke, WUFR j AL T e B 3w 5 o F U
AL g AR He b, WK j AR T & B9 R IS
], 58 S 2: 45 k ARBCHL B N AT 51 A H A 5 2k HLJT ¢
HOIF PR koA & R,

B Dy AL B SRR B A k450 A I
), 247 AT ke ARG ), H koA i R £ ik
TCIRZE T I , j B bh & S Bk s e TP W, i Dy
T AEREAR RN ¢, 7 7 AT kA
], Hok Jos FIHL IR, SR B AT BREX T G, j i I i
e et TP R j 5 b s Z ) 3 BT 6 R 1K
ZRIF I Ty — MLl (R D, B 5F THREE T K
1o e LA 1 P T 2 < A (VA 9 L < 1 L A S
PRI 2R JCHR 26 0T 5 ) D 55 T 88 A TR A
WPI] 2 T ke WA AT ], H kA A IR 46
FEATHREETT G, W D5 55 T 156 48 T SC 2] 7] ik 1) 5 &
PR IRE A S B /N 2 R AR 25 j L
Tk WP S 1), W JC e A TC A LI 4R A JC Ik
ERIFOC, FUG W7 Tk b Ak 14 23 BT G BT R &2 321
R BERL D, S o BT R AE IR TA]

e HE L H B Y G0 Ak T BE 2 A5 UPS 2k
Seqh AL, UPS B DI ] — O Bk 10 ms, 5430
S HLHL A $ A TA] SRR, LA DR TE 57 467 £ 9 A (8] B
e, HCATFEAS A R AT 589 F ML D O 0,

i AN, 3 LR & A R A A P R VR kBB £ 2k )
IS B AR5 DL AT R AR T 508, 2iG Bk 3 3k

155 M 1 i WA I 2R 20 T 405 2R T A £ A T R
AR bR T AN S B D,

DkZZDkk+szi+szj (8)
FE R NP AT SERE RS bR A
R,=1-D,/8760 9)

T AR A fufr S0 FLOD AT P RUCR R
G HS IR EEBR (SATFT) P34 0T R 48 FR (ASAL)
S TE R AT SR L FHAR AR

3 A

DL M BE L 28 7 R 4B IE X F34 5 262 o), R
JH T 850008 e 4 ol 1) AT SRR T S R AT e A, H
PR LR 1, b S g g R as 2k R O gk
BRI 1, ZePs o Tl XAk | 5 i s 35 o T
WP P B 1, Dol SR AR SR LR 2,06
Wr s PTSERS T, 2 IR IR 2> B 07 ol ik 2 14 4
LRHEHAN 12 AT, S0 LUT 3 RS ATt
B AR (WK 3.4):

THOL 1 LRERTCHRER TG, 2% B fif s o4 P R R
(£ 3% H T SLBRTE O ) 5

0L 2 ZREATIRERTT O, 4% 1Ay i TG 28 F L

0L 3 EREKICIRZEIT G, B far s LPS 51 A AL
Bt o AR

x| EBREMRKE
Tab.1 Feeder data

n N I/m n N I/m n N 1I/m
1 0 188 6 4 150 || 11 10 132
2 1 460 7 6 33 12 4 170
3 2 120 8 4 205 13 4 252
4 3 1785 9 4 65 14 13 405
5 4 120 || 10 4 93
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Tab.2 Component data

JLE R A 1/ /h A t"/h  1./h
B IrE 012 4.0 0.48 2 0.5
I Wi 0.80 0.5 2.40 0.1
W7 % 25 0.05 3.5 0.20 2
X% 015 3.5 0.60 2 0.5
2
4
4

A5 2 0.48 4.0 0.96
sl 9.00 4.0 18.00
I 4.50 4.0 9.00 -
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Tab.3 Load - point reliability indexes
- LP1 Lp2 LP5 LpP7
F/(&-a')y D/(h-at) F/@K-a') D/(h-a') F/(&K-a') D/(h-a') F/(K-a') D/(h-at)
1 1.71767 1.44543 1.73207 3.30115 1.71767 3.27614 1.70327 3.15325
2 1.71767 0.96901 1.73207 1.14350 1.71767 1.10159 1.70327 1.05125
3 1.71767 1.44543 1.73207 330115 1.71767 3.19675 1.70327 3.15325
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Tab.4 Specid indexes of system reliability

10 SAIFL/ (K -a™) SAIDI/ (h-a™) CAIDI/ (h-a™) ASALl/%

1 1.71287 3.11334 1.81761 0.999 64
2 1.71287 1.07641 1.62842 0.99987
3 1.71287 3.10672 1.81375 0.99965
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Improved FMEA method for reliability evaluation of mid - voltage
distribution system based on divided feeder equivalence

REN Qian',ZHANG Yong-jun' [REN Zhen|, WANG Sui - feng'?
(1. South China University of Technology,Guangzhou 510640, China;

2. Guangzhou Panyu Bureau of Guangdong Power Grid Corporation,Guangzhou 511400, China)
Abstract: A distribution system reliability evaluation method based on FMEA(Failure Modes and
Effects Analysis) is presented,which combines with widely - used equivalence method and divides
feeder into line sections. Instead of components,it takes line sections and load sections as analytic
elements for equivalence to simplify the calculation. The failure mode and effect analysis is carried
out for these equivalent mathematic models to evaluate the reliability indexes of load points and
whole system. Different conditions are considered,such as improper operations of automatic
equipment,backup power supply and scheduled maintenance. Example calculation of a real feeder
verifies it an effective analytic arithmetic of distribution system reliability,more suitable for those
systems with diffusive automatic switches.
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