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CALCULATING RELIABILITY INDICES OF OPEN - LOOP DISTRIBUTION NETWORKS
BASED ON THE STATE METHOD

Nguyén Hiru Hiéu, Trinh Trung Hiéu, Tran Tén Vinh

Truong Pai hoc Bach khoa

T6m tat - Luwoi dién phan ph0| cAu tric mach vong kin — van hanh
hé ngay cang dwoc phat trién nhdm nang cao dd tin cay cung cap
dién cho céc phu tai. D& tinh toan d6 tin cay cla lwéi phan ph0|
mach vong, bai bao dé& xuét st dung phuo’ng phap trang thai két
hop véi phan tich &nh hwéng héng héc cla cac phén t&r dén phu
tai. M&i trang thai cGia phan tdr s& twong (ng véi mét trang thai cap
dién cla phu tai (c6 dién hodc mét dién), va viéc phan loai cac
trang thai nay dwoc thye hién thdng qua phan tich cac duong nbi
to nguon dén phuy tai. Bang céach hop nhat cac trang thai sé tinh
dwoc cac thong so trang thai cung cap dién clia cac phu tai. Twr do
tinh dwgc cac chi tiéu do tin cay lwéi phan phéi theo tiéu chuan
IEEE-1366. Trén co s& thuat toan dé& xuét, bai bao trinh bay két
qua tinh toan minh hoa cho mét so @4 lwéi phan phdi mach vong
15 phu tai, 2 ngudn cung cAp béng chwong trinh tinh toan Matlab.

T khoa - d6 tin cay; lwoi dién phan phéi mach vong; thao tac ddi
noi; phwong phap trang thai; phan tich anh hwéng hdng hoéc.

1. Pat vén dé

Dé nang cao do tin cay, lusi dién phan phdi c6 cau
trdc mach vong kin — van hanh ho ngay cang dwogc phéat
trién. O ché do 1am viéc binh thudng, mach vong van hanh
& ché d6 ho nén ludi phan phdi mach vong van hanh nhu
cac xuit tuyén hinh tia, mdi xuat tuyén dwoc cung cip tir
mot ngudn riéng biét. Do tin cay cua LPP hinh tia c6 thé
dugc tinh toan bang phuong phap ciu triic ndi tiép — song
song hoac phuong phap trang thai khi xét dén cac trang
thai doi ndi, bao quan dinh ky [1, 2, 3]. Déi véi luai dien
dang mach vong, khi mot phan tu bi su ¢d, dé han che
pham vi mat dién c6 thé phai thuc hién thao tac ddi ndi
sau khi su cb bi cit ra do tac dong cua bao vé ro le. Sau
ddi ndi mot sb phu tai bi mat dién cua xuat tuyén nay cé
thé s& duoc cung cép dién tro lai nho chuyén sang nhan
dién tir xuat tuyén khac. Vi vdy, viéc tinh toan do tin cay
ctia lugi phan phdi mach vong s& phic tap hon lugi hinh
tia. Bai bao s& trinh bay phuong phép tinh todn céc chi
tiéu do tin cay cung cap dién cua lu6i dién phan phdi
mach vong, khi sy ¢b cac phan tir bang phuong phap trang
théi két hop véi viéc phan tich anh huong hong hoc céc
phan tu den phu tai thdng qua trang thai cua cac duong
ndi tir ngudn dén phu tai.

2. Lwéi dién phan phdi mach vong va thao tac di ndi

Xét so d0 ludi dién phan phdi gom: 15 phu tai, 2 ngudn
cung cap, 2 xuat tuyén XT1 va XT2 duogc lién két voi nhau
theo dang mach vong nhu Hinh 1. Binh thuong mach vong
van hanh ho: Tat ca cac may cit va dao cach ly phan doan
cua cAc Xuét tuyén dong; riéng hai dao cach ly lién lac 1a
(31) va (32) mo.
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Abstract - The open-loop power distribution networks have been
increasingly developing to improve the reliability of power supply to
the load. This research proposes a new scheme to calculate the
reliability of the loop distribution networks. The proposed scheme
is developed by combining the use of the state method and the
analysis of the components’ failure effect on the loads. Each state
of a component corresponds to a supply state of the loads (live or
outage) and the classification of these states will be carried out by
analyzing the path from the source to the load. By combining the
states, the supply state parameters of the loads are calculated.
From this, the distribution network’s reliability indices are
calculated according to the IEEE-1366 standard. With the
proposed algorithm, the author has developed a Matlab-based
program to calculate the reliability indices of a sample open-loop
distribution network consisting of 15 loads, 2 sources. Calculation
results are also presented in this article.

Key words - reliability; open-loop distribution networks; switching
operation; state method; analyse effects of component failures.

Néu céc xuét tuyén khdng c6 lién két vong, khi sy ¢é phan
to duong day (12), may cit (1) dau ngudn N1 s& cét ra; tat
ca cac phu tai trén Xuét tuyen XT1 (nhan dién tir N1) bi mét
dién. Dé han ché pham vi mét dién, thuc hién thao téc cit
dao céch ly (11) va dong lai MC (1), nhu vay trong thoi
gian stra chira duong day su ¢ (12) thi cac phu tai PT4,
PT7, PT8 va PT9 bi mét dién.
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Hinh 1. So d6 hesi dién phan phoi dang mach vong — van hanh
ha, €6 15 phu tdi, 2 nguon cung cap [4]

Tuy nhién, do luéi c6 khép mach vong nén cé thé
tiép tuc thao tac d6i ndi nhu sau: Cit dao cach ly (13),
ckt MC (19), dong dao lién lac (32) va dong lai MC (19).
LGc nay cac phu tai PT7, PT8 va PT9 duogc cung cap
dién tro lai, chi con PT4 mat dién. Nhu vay, trong thoi
gian doi ndi, cac phuy tai trén xuat tuyén XT1 mét dién,
nhung khi sua chira duong day (12) chi c6 phu tai PT 4
mat dién.
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3. Tinh toan dé tin ciy cta phu tai va lwéi phan phéi
3.1. M6 hinh trgng thai ciia cac phan tir
n=1/Tg

Hinh 2. M6 hinh hai (a) va ba trang thai (b) cuia cac phan tir
_ Mai phin tir cua ludi phan phéi c6 the dugc bicu dién
bang mo hinh 2 trang thai (trang thai binh thuong N va
trang thai hong R), hodc bang mé hinh 3 trang thai (trang
thai binh thuong N, trang thai do6i noi S va trang thai sua
chita R) neu khi sw ¢o phan tir nay cd thuc hién thao tac doi
noi dé giam pham vi mat dién trong qua trinh sira chira [3].
D4i véi nhitng phan tir ¢6 mo hinh 2 trang thai nhu
Hinh 2.a, x&c suat céc trang thai [2, 3]:

P, =AT,P, = ; p,=_H )
p+Ai p+A
Tan suét cac trang thai:
P, ATP
fo=gt=—7"=PA )

R R

_ Trong do: & va p la cuong do su ¢b va cuong do phuc
hoi cta phan tu; Ty va Tr !é thoi gian lam viéc an toan va
thoi gian stra chira (phuc hoi) trung binh cua phan tur.

DAi voi nhitng phan tir ¢ md hinh 3 trang thai nhu Hinh
2.b. X&c suat cac trang thai [2, 3]:

P, x—P —ATP,; P, _xlp TP,
ks 3)
P, =+ AT, +T)I*
Tan suit c4c trang thai:
fofs_pot :iszx (4)

S TS N R TR

Véi Ts la thoi gian ddi ndi trung binh cua phan tir.

MJi trang théi cua phan ti tuong ing véi mot trang thai
cua nut phu tdi: con dwoc cung cap dién (goi la trang thai
tot TTT) hodc bi mat dién (goi la trang théi hong TTH).
Anh huéng cua cac trang thai cua cac phan tir dén trang
thai cua nit phu tai trong LPP mach vong duoc trinh bay &
Muc 4.

3.2. Céc chi tiéu dé tin cdy ciia lwéi dién phan phoi

Cac chi tiéu do tin cdy cua ludi dién phan phéi theo tiéu
chuan IEEE-1366 duoc tinh dug vao céc thdng so trang thai
cua cac nut phu tai theo cac biéu thuc sau [5]:

ZCDI md pt
2.Cu

pt

Zcm md pt mdpl
SADI=E _—— (h) (6)

2.C,

pt

SAIFI = (1/nam) (5)

sz md pt mdpt SAIDI
CAIDI = (h) @
ZCmfmm ~ SAIFI

Trong d6: Cpt, fma pty Tmd pt lan luot 1a sé lugng khach
hang, tan suat mat dién, thoi gian trung binh mdi lan mat
dién cua céc nat phu tai (pt).

3.3. Thudt todn tinh todn dé tin cdy ciia lwdi phan phai
mach vong

Do tin cay caa ludi dién phan phéi mach vong duoc tinh
toan tir cac chi tiéu d6 tin cdy cta cac nat phu tai. Thuat
toan tinh nhu Hinh 3.

Doc dir liéu:

- Céu trie lué ph;m phéi mach véng
- 56 phu tai Npt, 56 phin tir N

- Dit lidu DTC cac phin tir

Phuong thir thao tic doi noéi T

cua LPP mach vong
khi s cd cac phan fir

Nut phu tai i=1
phintr j=1

Phan tich anh hueéng hong hoe cace
phin tiF &én DTC cung cép dién

cua phy tai 1 ) —

I < i=NL? >

Tinh cac chi tiéu BTC
ciia lwdi dién phan phdi

Phan loai cdc trang thai
i8R, jM

e [

Tinh cic théng sb trang thai
XSTT, TSTT, TGTT
cua nit phy tai i

Hinh 3. Thudt todn tinh toan do tin cdy LPP mach vong

Khi ludi phan phéi ¢6 N phan tir, gom Ny phan tir 2 trang
théai va N, phan tor 3 trang thai nhu Hinh 2 thi so do trang
thai caa ludi phén phoi sé c6 [1+N:+2N,] trang thai.

Néu xét thém mat dién do bao quan dinh ky cac phan
tur thi so' d6 s& ¢ thém N trang thai kM (véi k = 1: N). Xac
suat trang thai N cua hé thong sé bang:

1
L+ AT+ 2 Ty +AT) + D A T 8
keN

ieN1 jeN2

I:)N

Thc“)ng s6 céc trang thai iR, jR jS, KM dugc tinh theo
céc biéu thirc (1)— (4). Hop nhét cac trang thai mat dién
(TTH) cho phép tinh duoc xac SUAL Prnpi, tAN SUAL Frape VA
thoi gian trang thai mat dién T gy cua ting ndt phu tai. St
dung cac biéu thie (5) - (7) sé tinh dugc c4c chi tiéu SAIFI,
SAIDI, CAIDI cia ludi phan phdi mach vong.
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4. Thuat toan phan tich anh hwéng trang thai cac phan
tir dén cac phu tai

MGi phan tir khi thay doi trang thai s& twong @ng véi
mot trang thai phu tai: c6 dién hoac mét dién. Dé phuc vu
cong tac van hanh, cling nhu phuc vu cho bai toan t|nh toan
do tin cay cung cap dién cua ludi dién phan phdi can phai
danh gia anh huong do. Dbi véi nhung luéi dién don gian,
c6 thé phan tich tryc quan trén so 6. Tuy nhién, trong cac
dd phirc tap, kich thuéc 16n thi phuong phép dé phan tich
anh huong trang thai cua cac phan tu dén trang thai cap
dién cua cac phu tdi la dya vao trang thai cua cac duong
ndi tr ngudn dén phu tai. Trong luéi phén phol mach vong
thi mdi mot phu tai c6 thé c6 nhiéu duong ndi tir cac ngu0n
khac nhau. Phu tai s& con duoc cung cap dién khi con it
nhat mot duong ndi kin mach, va nguoc lai phu tai bi mat
dién khi moi duong ndi déu bi dut ra.

Poc dit liéu Chon phu tai tinh toén PT S —
< . [ . . [ /ung bao ve cua i
Cau troc LPP ¥ va nhanh (phin 1) sw cb 7k
utmg o i =1 Tim cac dudng ndi cia
foa L phu tai PT
So phan nr=ni . :
$6 duemg néi = Ndn

s |

v

Trang thii duiing néi i Trang thii Guomg ndi i
ATTT 1 TTH

'. /"“‘\

Momuo‘ngnou \_
\. 1a TTH? __/--

Q B
Trang thai 1S 1a trang thai
phu tai PT co dién (TTT)

Trang thii iS 14 trang thai
phu tai PT mat dién (TTH)

Hinh 4. Thugt toan phan tich anh huong trang thai S cia
phan tir den trang thai cap dién cua phy tai

Thuat toan phan tich anh hudng cua trang thai S cua cac
phan tir dén tinh trang cung cap dién cho phu tai trong ludi
dién phan phdi c¢d cau tric mach vong kin — van hanh ho
nhu Hinh 4.

Thuat todn cling dugc dung dé phan tich cac trang thai
R, M cua céc phan tir, chi khac la dung vung stra chita hoac
vung bao quan thay cho vung bao vé.
4.1. Puwong néi tir nguén dén phu tdi

Trong thyc té ludi phan phéi mach vong dugc van hanh
& ché do ho, cdc xuat tuyén cd dang hinh tia. Phuong thic
thao tac cac thiét bi lién lac va phén doan (nhu dao cach ly,
recloser, LBS,...) khi ¢ sy c6 ctia nguon hodc cac phan tir

ctia LPP duoc tinh toan trén co sé dam bao duoc yéu cau
giam pham vi mit dién ¢én muc nho nhat, va dam bao cac
rang bugc vé an toan ludi dién. Mi phwong thuc thao téc
so d6 van hanh céac thiét bi lién lac va phan doan s& twong
g véi mot so @b van hanh hinh tia. Vi vay cac duong néi
trong mdi so @ dwoc tinh nhu ludi hinh tia theo thuat toén
& Hinh 5.

Poc dir lidu
Céu tric LPP:

|

Chon nit phu tai 7,

!

Khoi tao ma tran dudng ndi ct%a phu tai

duongnoi = &

>

1 = nut nguon ! ?

S

Tim nhanh Nh
¢O nut cuoi 1a nat ny

!

Ghi nhanh NA vao ma tran
dwrdng noi caa npt
= [duong noi Nh/

!

ng = nut dau
ctia nhanh Nh

Liru két qua
dwong noi
cua nat phuy tai

duongnoi

Hinh 5. Thudt todn tim dwong néi tir nguén dén céc nat phy tdi
ciia ludi dién phan phai

Vi du so @6 Hinh 1, phu tai PT4 c6 4 dwong ndi la: Dy
={1,2,3,11,12}; D, ={1, 2,3, 4,5, 10, 31, 20, 25, 24, 23,
22,27,28,29,30,32,18, 17, 14, 13}; D3 ={19, 20, 21, 27,
28,29, 30,32, 18, 17, 14, 13}; D4 = {19, 20, 21, 22, 23, 24,
25, 26, 31, 10, 5, 4, 11, 12}.
4.2.Vung bdo vé

Vviing bio vé (VBV) cua mot phan tir 1a tap hop céc
nhanh (phan tir) cua LPP bi cat ra khoi ludi dign do tac
dong cua BVRL khi phan tc d6 bi s c6. O ché d6 binh
thuong LPP mach vong van hanh ho nén VBV dugc xac
dinh giong nhu luéi dién hinh tia [3].

Trong so' d6 Hinh 1, binh thuong cac dao lién lac (31)
va (32) thuong mé nén vung bao vé cua cac phan tir trén
xuat tuyén XT1 (nhan dién tr nguon Nl) Ia’toan bd XT1
va ving bdo vé cua cac phan tir trén xuat tuyen XT2 (nhan
dién tir nguon N2) la toan bo XT2.

Vi duy, viing bao vé cua phan tir (12) va (22) 1a:

VBV(12) = {1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14,
15, 16, 17, 18};

VBV(22) = {19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30}.

4.3. Vung sia chira
Ving cit dién sira chira (Vcp) cua mot phan tir 1a tap
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hop cac phan tir bi cit ra khoi LPP trong qua trinh sua chira
phan tir sy ¢b. DI véi lusi dién hinh tia mot ngudn cung
cap, thi viing stra chira dugc xac dinh 1a tap hop cac nhanh
nam sau thiét bi phan doan duoc cat ra sau khi may cit dau
tuyén bi cit ra do BVRL. Trong ludi mach vong, theo
phuong thirc thao tac ddi néi s& ¢ mot phan xuat tuyén
duogc chuyén tai sang ngudn khac. Vi vy viing sira chira s&
duoc thu hep hon so voi hinh tia va xac dinh phuc tap hon.

Phan fir sur co pisc
trén xuat tuyen k

l

Phwong thire thao tac

d61 not sau sy co

}

Ving bao vé ciia phan it prsc

}

Ving cat dién Vg, san

thao tdc DCL phan doan

trén xuat tuyén k

)

Xiac dinh céc thiét bi phan doan va

thiét bi lién lac véi xuat tuyén 1

(1= k) duoc thao tac déi noi

l

Vung khéi phue dién

tie xuat tuyén 1 (Vgp)

}

Vung cat dién stra chira cua

phan tir ptse sau thao téc doi noi:

Vea = Vept - Vke

Hinh 6. Thugt toan tim viing sia chita trong leéi phan phdi
mach vong — vdn hanh hg

Vi du, xét sy cb phan tir (12) trén XT1, ving mat dién
sau khi m¢ dao cach ly (11) 1a Ve = {11, 12, 13, 14, 15,
16,17, 18}, dwoc xac dinh gidng nhu Iudi hinh tia. Sau khi
thao tac d6i ndi thi dao cach ly phan doan thw hai la DCL
(13) cat, MC2 va DCL lién lac (32) dong thi ving duoc
khoéi phuc cip dién tro lai 1a Ve = {14, 15, 16, 17, 18}.
Do d6, ving cat dién dé sira chita phan tir (12) s& la
chz = VCDl — VKP = {11, 12, 13}.

Tong quat, thuat toan tim vang stra chita sau thao tac
d6i ndi ciia LPP khi mot phan tir sy ¢6 dugc trinh bay trong
Hinh 6.

5. Tinh toan ap dung

Dya vao thuét toan da trinh bay, tac gia da xay dung
chuong trinh Matlab dé tinh toan do tin cay cua ludi dién
phan phoi mach vong kin — véan hanh hé va sir dung so do
Hinh 1 @€ tinh toan minh hoa véi két qua nhu sau.

5.1. Di ligu
5.1.1. Cdc nhdanh dwong day cua lwdi phan phoi
Bdng 1. S liéu cdc nhanh dwong day

Nhanh NGt NGt Chiéu dai
S0 dau cuoi (km)
2 2 3 2.00
4 4 5 1.00
7 7 8 3.00
9 9 10 3.00
10 6 11 2.00
12 12 13 3.00
14 15 16 3.00
16 16 17 2.00
18 18 19 1.00
20 21 22 5.00
22 23 24 2.00
24 25 26 4.00
26 27 28 3.00
28 30 31 2.00
30 31 32 3.00

5.1.2. Phurong thirc thao téc doi noi

Phuong thirc thao tac céc thiét bi dong cit va lién lac
trong ludi phan phdi mach vong kin van hanh ha duoc tinh
toan trén nguyén tic giam thiéu pham vi mit dién va dam
bao an toan van hanh ngudn va ludi dién [4]. Gia thiét kha
néing téi ciia ludi dién va cdng suit cac nguon déu dam bao
cung cap cho toan b¢ cac phu tai, phuong thire thao tac ddi
ndi khi c6 su ¢ cac phan tir nhu Bang 2.

Bdng 2. Phucong thire thao tdc déi néi khi s ¢ cac phan ti

Nhanh ~ DCLcit  DCLcit DCL lién lac

sur CO thir nhat Thém déng
1,2 - 311 31 32
3 - 511 31 32
4 3 5 11 31 32
5 3 11 32
6 5 - -
7,8 6 - -
9 8 - -
10 5 - -
11 3 513 31 32
12 11 13 32
13 11 17 32
14 13 17 32
15 13 17 32
16 15 - -
17 13 - -
18 17 - -
19 - 21 27 31 32
20 - 21 27 31 32
21 - 23 27 31 32
22 21 23 27 31 32
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30
23 21 25 27 31 32
24 23 25 31
25 23 - -
26 25 - -
27 21 23 29 31 32
28 27 29 32
29 27 - -
30 29 - -
31 5 25 -
32 17 29 -

5.1.3. Sé liéu dg tin cdy cua cac phan ti

Cudng do sw cd: duong day Ao = 0,2 (1/nam.km), thiét
bi dong cat Ao = 0,04 (1/nam). Thoi gian stra chira: duong
day Tr =2 h, thiét bi dong cat Tr =2 h. Cuong d6 bao quan
dinh ky (BQDPK): cua duong day Xom = 0,3 (1/ndm.km),
cua thict bi dong cat: Aom = 0,5 (1/nam). Thoi gian BQDK
trung binh cua duong day: Tm = 4 h; cua thiet bi dong cat
Tm =4 h. Thoi gian d6i noi: Ts=0,5 h.

S6 lwong khach hang cua céc phu tai: 50.
5.2. Két qud

Bdng 4. CAc chi tiéu dg tin cdy cua cac nit phu tdi

Phutiisd  Xacsuit  Tansuét Thoi gian

mitdien  mat dién mét dién

(109 (1/ndm) (phut/nam)
1 0,000362 4,43 190,34
2 0,000326 4,43 171,19
3 0,000371 4,43 195,13
4 0,000408 4,43 214,28
5 0,000517 4,43 271,74
6 0,000654 4,43 343,57
7 0,000417 4,43 219,07
8 0,000508 4,43 266,95
9 0,000326 4,43 171,19
10 0,000476 4,03 250,20
11 0,000348 4,03 183,16
12 0,00043 4,03 226,25
13 0,000376 4,03 197,52
14 0,000339 4,03 178,37
15 0,000376 4,03 197,52

Két qua cac chi tidu do tin cay cia LPP mach vong:

SAIFI(1/ndm) SAIDI(phat) CAIDI(pht)
Suw cb 427 218,4 51,2
Sw ch va
BODK 14,47 1.056,0 73,0

Néu 1a LPP hinh tia khong c6 lién két vong:

SAIFI(1/ndm) SAIDI(phdt) CAIDI(phUt)

Sw cb 4,27 328,1 76,8
Swcd va
BQDK 14,47 1.781,7 123,0

Nhan thay khi lui phan phéi cé lién két mach vong thi
do tin cay cua ludGi dién cao hon so véi ludi hinh tia.

6. Két luan

Bang phuong phap khong gian trang thai két hop véi
phan tich anh huéng céc trang thai phan tr dén trang théi
duong ndi tir ngudn dén phu tai, c6 thé tinh toan duoc cac
chi tiéu d6 tin cay cua ludi dién phan phdi mach vong kin
— van hanh hé khi xét dén céc truong hop mit dién do su
cb hay cit dién ké hoach dé bao quan dinh ky cac phan tir
trén ludi. Thuat todn va chuong trinh tinh toan Matlab da
xay dung c6 thé dwoc sir dung dé tinh toan dé tin ciy cho
cac ludi dién phan phdi mach vong trong thuc té, phuc vu
cho c6ng tac van hanh ciing nhu nhitng bai toan téi wu hoa
nhiam nang cao do tin cay cung cip dién.

L&i cam on
Nghién ctru nay duoc tai tro boi Quy Phat trién Khoa

hoc va Cong nghé Pai hoc Pa Ning trong dé tai ma sb
B2016-DNA-47-TT.
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