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Tom tat:

Phuong phép sc db cdy su cd (fault tree analysis - FTA) 1a mot k§ thuat suy dién dudc st dung réng
réi va phé bién trong phéan tich dd tin cdy cua hé théng, FTA phl hgp d€ phan tich cac hé thdng
phtrc tap nhu hé théng phan phdi dién. Phuang phap dat hiéu qua khi thanh 1ap cay su ¢6 (héng
hdc) can phai cd qua trinh phéan tich va nhan dang rat sdu sac vé hé théng. Bai bao trinh bay cach
xdy dung cdy su cG, viét ham cdu trdc, phan tich dinh tinh, dinh lugng, thanh l1ap ma trén va phan
tich dd tin cy cho IuGi dién phan phdi trung ap, sir dung s dd IEEE RBTS 2 thanh céi dé tinh toan
va dGi chi€u vai két qua phuaong phap khac.

T khéa:

Cay su ¢, do tin cdy, Iugi dién phan phdi, nguyén nhan hong hdc.

Abstract:

The fault tree analysis (FTA) method is a constructive technology, widely and popularly used for
analyzing the reliability of power system. FTA is suitable for analyzing complex systems such as
power distribution system. The effectiveness method with fault tree (failure) establishment need a
deep analysis and identification process in the power systems. This paper presents step by step in
fault tree contruction, structural function constitute, quantitative and qualitative analyzis, in order to

establish the matrix and to calculate reliability for the medium voltage distribution grid using the
IEEE RBTS two bars scheme in comparison with other method results.
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1. GIOI THIEU thai, phuong phap Monte-Carlo, tuy nhién
mdi phuong phap déu c6 wu nhuoc diém

Do tin cdy cua ludi dién phan phdi anh j
va phu hop véi ting doi tugng riéng [1].

hudng truc tiép dén viéc cung cap dién

cho khach hang. Hién nay da c6 mOt s0  Ludi dién phan phoi 1a mot ludi co6 cau

phuong phap dé danh gia do tin cay ludi
dién phan phéi nhu phuong phap dd thi
giai tich, phuong phap khong gian trang

trac phirc tap, nhiéu phan tir, mot phan tir
su ¢b thi anh huong dén cac phan tir khéc,
nén FTA 1a mot phuong phap pht hop dé
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phan tich dd tin cay cho ludi di¢n phan
phéi. Noi dung bai bao thé hién chi st
dung phuong phap FTA dé xay dung va
tinh toan cho ludi phan phdi va d6 ciing 1a
diém méi so v6i cac bai viét khac.
Phuong phap cdy su ¢d duoc phat trién tir
nhimg nim 60 thé ki XX, FTA lay
phuong phap phan tich anh huong cua su
c¢b 1am co ban, tién hanh phan tich nhén t4
c6 thé phat sinh sy cb trong hé thong
(hoic san pham), tir d6 xac dinh nguyén
nhan sy cd tir tat ca cac phuong phap t6
hop va xéc suat phat sinh [2]. FTA c6 thé
dat trang thai timg d6i tuong dé tién hanh
phan tich, c6 thé dung ki hiéu (hinh anh)
dé din dich 1o nét tung chi tiét su ¢d va
quan hé giita cac khoang sy c¢d trong hé
thdng, tir d6 c6 thé tim diém yéu trong hé
thong. Thong qua phan tich dinh lugng
cdy sur ¢b co thé tinh toan do tin cay.

2. NOI DUNG NGHIEN CcUU
2.1. Cay sw cb

Cay sy ¢0 1a k¥ thuat suy luan cac nguyén
nhan giy ra sy ngung hoat dong cia h¢
théng, duoc bit dau boi cac hong hoc
hodc su c¢b dic biét, goi 1a dinh sy kién.
Céc su kién la nguyén nhan trung gian, cé
thé 1a don 1¢ hodc 1a két hop va két ndi
dén su kién dinh thong qua cac cong logic
[2]. Viéc xay dung cdy sy cb s& gilp
nguoi van hanh hé théng ¢6 thé tim ra
nhimg phan tor déng vai tro trong yéu
trong hé thong va tim ra 16i nhanh nhat
trong truong hop hé thong gip su cd
thong qua ham céau trac [3], cac budc
phan tich do tin cdy bang phuong phap
cdy su ¢b nhu hinh 1.

Xac dinh Xay dung Gian lugc
dinh su kién cay su co cay su co
Phan tich Phén tich
dinh luong [€| dinh tinh

Hinh 1. Cac bwéc cuia phwong phap cay sw c6

2.2. Ham cau truc

Ham s6 cia cay sy ¢d sir dung dé miéu ta
trang thai két cAu cua hé théng. Dai lugng
bién d6i cta ham s 1 trang thai cua thiét
bi trong hé théng, dinh su kién cua cay su
¢6 1a sy ¢ hé thdng, trong khudn kho bai
bao nay chi nghién ctru hai loai trang thai
ctia cdy su ¢d 1a trang thai binh thudong va
su c. Dung ham sb D(X) = D (X, X, ...,
Xn) dé miéu ta trang thai dinh su kién, tic
1a khi gia tri ctia @(X) 1a “1” biéu thi phat
sinh sy cb, khi liy gia tri “0” biéu thi
khong phat sinh su cb. Trong cdy su cb
trang thai tinh thong thuong nhat 13 ham
“va” va ham “hoac”, duoc viét nhu sau:

(1) Phuong trinh ctiia ham “va”:

Dd(x) = f[ X

Nhan théy, chi cin trong d6 x; = 0, thi
@(X) = 0, biéu thi hé théng van hanh binh
thuong.

)

(2) Phuong trinh ctia ham “hoac™:

n

O(x)=1- T (1-%) )
=1

Nhan thay, chi can x; = 1, thi &(X) = 1,

biéu thi mot phﬁn tir su ¢b thi ca hé théng

su cd [3].
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2.3. Phwong phap xay dwng cay sw c6
cho lwéi dién phan phoi

Gia str, xay dung cdy su ¢b cho luéi dién
phan phéi trung ap (hinh 2).

XT1
—

/

XT2 L1 D$1 L2 DS? L3 5"?
L4 L5 L6
—A B —-C
CC CcC CC

Hinh 2. So db Iwéi phan phéi trung ap

Céc budc thuc hién: Trudce tién phai chon
lua dinh sy kién, tic 1a lua chon sy cd
khong mong muén xay ra nhét trong hé
thdng, sau d6 tim ra tit ca nhitng nguyén
nhan truc tiép c6 kha ning dan dén phat
sinh sy ¢d ndy, can cir vao mdi quan hé
gitta chiing, diung ham logic dé biéu thi;
sau d6 phan tich tat ca cac su cd dau vao
c6 lién quan truc tiép dén su c6 nay. Néu
su ¢d ndy van c6 thé phan tich tiép thi c6
thé coi d6 1a sy cb dau ra cdp dudi, cho
dén khi tat ca sy cd dau vao khong thé
phan tich tiép 1a duoc.

Vi du trén, hé théng gém 3 doan truc
chinh 1a L1, L2 va L3; 3 phan nhanh, lin
luot la L4, L5, L6, va cac dao cach ly.
Lay sy cd tai diém phu tai A 1am dinh su
kién, thi tat ca nguyén nhan c6 kha ning
gy nén sy ¢ tai A la: dudng tryc L1;
nhénh L4; cét dao cach ly. Ma dao cach ly
bi cat 1a do doan L2 va L3 mat dién gay
nén. Néu khong xét dén sy cd may cat va
dong may cat (dao) lién lac that bai, thi
cay su ¢d cua diém phu tai A duoc thé
hién nhu hinh 3.
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Su ¢b tai phu
tai A

53b

Hinh 3. Cay sw cé phu tai A

2.4. Phan tich cay sw cé
2.4.1. Phan tich dinh tinh cay swcé

Phan tich dinh tinh cy sy c6 chinh 1a tim
ra tat ca sy c¢b co kha nang phat sinh, tim
ra tat ca lat cit toi thiéu. Lat cat 13 tap hop
cac duong cung tao thanh tir so dd cung
tron [4].

3 E 4

Hinh 4. Mang tim kiém dang cau

Str dung phuong phap ma tran dudng dan
toi thiéu dé tim ma tran lat cit t6i thiéu,
(hinh 4), bat dau tir diém dau vao lan luot
tim kiém dén nat dau ra, thi s& tim ra cay
tim kiém nhu hinh 5. Ta c¢6 duong dan t6i
thiéu cia mang cau la: {ADG}, {BEH},
{ACEH}, {BEFG}, {BCDG}, {ACEFG},
{BCDFH}.

F
C G &)

Noyol
F @1—@

Hinh 5. Cay tim kiém dang hinh cau
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Ma tran duong dan tdi thiéu cia mang
nay la:

A BCDEFGH
1 0 0 10 0 1 O
01001 0 01
1 01 01 0 0 1
-1 0 0 10 1 0 1
S_00001110 (3)
01110 0 1 O
11101 110
‘0 01 10 1 0 1

Tiép theo tim lat cit toi thiéu bac mét,
hai, ba. Do xac suat phat sinh sy cd bac
cao cta hé théng phan phdi dién xay ra
tuong dbi it, nhung lai rit nhay cam voi
su ¢d bac mot, cho nén trong bai nay di
gian lugc di cac su ) dung hoat dong ddi
véi bac ba tro 1én. Bo cét cling co thé biéu
thi thanh hinh thirc ma tran. Trong truong
hop nay ma tran bd cit C cé thé viét
thanh:

ABCDEFGH

1 1 0 0 0 0 0 O
0 001 1 00O
0 000 0 011

C=17 01 0 1 0 0 O (4)

01110 0 0O
0 0001 110
0 0 01 01 O 1

Theo hinh 3, tir ly ludn cua lat cét tbi
thiéu {L1}, {L2}, {L3}, {L4} [5], ta cO
so do khéi (ddng tri) tuwong duong do
tin cdy cua né gom bén khdi ndi tiép

(hinh 6),

— b/ L—/Lr—L—

Hinh 6. So’ dd déng tri d tin cay
cua lwéi phan phéi

2.4.2. Phan tich dinh Iwong cay swcé
Trong lat cit toi thiéu C = {X1, Xo,...Xn}, Xi
biéu thi lat cat t6i thiéu tha i, va con bao
ham 13n nhau, tirc 1 xac sudt mat dién hé
thong 1a:

P(S)=PX UX..{JXn)

n n
= _le{Xi}—_ Y 2P{>q X H. . +D)LPLx;. . xn}
1= I, ]=

(5)

Déi voi so dd khdi do tin cay nhu hinh 6,
gia sir xac sudt sy cb cua cac phan tir lan
luot 14 0.02, 0.03, 0.05, 0.1, phan tir mét
dién 1a cac su cd doc 1ap, cong thirc tinh
xéc sudt phat sinh sy ¢ 12 (6).

P(T) =P(LULULUL)=P(L)+P(L,)
+P(Lg)+P(L,)~P(Ly L) -P(L L) -P(L L) -P(L, L)
—PLyL ) ~P(L, L) +P(L LL)+P(L L,L )
+P(L Lol ) +P(L Lo ) —P(L LoL ol ,)=0.18723
(6)
Thiét 1ap ham sé muc d6 khong do tin ciy
9(Q(x)) cua hé théng, thi mirc d6 quan
trong cua xac suét tinh theo cong thtrc (7).

Pr _ 99(Q(x)
LEETON ™

Ta c6 két qua:

= 000,400,400,

+Q,Q,-Q,Q,Q,=0.83

P99 o841 Pr - 99 086

2 3

8

1Pr=%9 _0.90 ®)

4
Tir két qua trén, c6 thé thay phan tir 4 ¢6
mirc d6 quan trong ciia xac suit cao nhat.
Biéu thi kha ning gy ra sy c6 hé thong
ciia phan tir 4 13 16n nhat, va phan tur 4
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ciing 12 lién két yéu cua hé théng, vi
thé tién hanh cai tién phan tir 4 13 vin dé
then chét nhdm ning cao do tin cdy cua
hé théng.

2.4.3. M6 hinh danh gia dé tin cdy va chi
tiéu dé tin cay cda Iwéi phan phoi

Trong hé thong phéan phdi dién, c6 thé ap
dung mé hinh ba trang thai dé mo phong
(hinh 7), trang thai binh thuong ding N dé
biéu thi; R dbi ung su ¢ hoic trang thai
khoi phuc, ké hoach stra chita dung M dé
biéu thi. g Aw1an luot 13 tan suét sy 6 va
tan suat ké hoach sta chita; ug VA v lan
luot biéu thi tan suit chuyén ddi tr trang
thai su c¢d sang trang thai hoat dong binh
thudng va tan suat chuyén doi tir trang
thai stra chita sang trang thai lam viéc
binh thuong.

Um 7\4M
—W

Hinh 7. M6 hinh ba trang thai

Thiét 1ap xac suat lam viéc binh thuong,
ké hoach sira chita va trang thai phuc hoi
dimg van hanh sy ¢b lan luot 1a Py, Py,
Pr, tong ctia chung 1a 1, cong thire (9).

P, +Rh, +PR =1
~(Ax* A ) * Py + 1z * By + 14y ¥Ry =0

AR 1R =0

A *By — g *By =0

(9)

Xac suat nhan dugc moi trang thai la
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phuong trinh (10).
P = L
(A [ g+ 2g | 1y +1)
— ;LM *PN
P = K (10)
P — A * Py
R
Hg

Chi tiéu do tin cdy cua cac diém phu tai
dua vao 3 chi sd: tan suét sy c¢d nam,
A(lan/a); thoi gian binh quan mdi lan sy
¢d, y(h/1an); thoi gian sy c¢d binh quan
nam U (h/a) [6]:

n nﬂ“li n
i=1 zﬂﬁ

Pbi v6i hai thanh phan sira chita song
song, chi tiéu d9 tin cdy cua phu tai la:

A=24(1+7,); 7/=M; U=21y
Nt7,

(12)

Tu d6 tim duge chi sd tin cdy cua h¢
thong dugc ap dung 13 6 chi s [7], lan
luot 13: tin suat ngimg cip dién trung binh
(SAIFI); thoi gian ngimg cip dién trung
binh (SAIDI); tan suat ngimg cép dién
binh quan cua khach hang (CAIFI); thoi
gian ngimg cap dién trung binh ciia khach
hang (CAIDI); sin sang cdp dién trung
binh (ASAI); khong sin sang cip dién
trung binh (ASUI), dugc tinh nhu cong
thuc (13).

SAIFI DY) ; CAIFI 2N

>N, AN,

U.N. . N.
SAIDI = 2 L= cAIDI _2UN,
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D N; x8760—>"U;N,

D" N, x8760

D UN,

3N, x8760

ASAl =

ASUI = (13)

Trong do: A, A - lan luot 13 tan suét su c¢d
nam cta phy tai i va tong cua no; U; - thoi
gian su ¢b binh quan nam; N; s6 khach
hang str dung dién tai ntt i.

2.4.4. Tinh todn dé tin cdy cho hé théng
phan phéi dién

Tién hanh tinh toan cho hé thdng dién

hinh 2, chi sb tin cdy cua cac phén tr
trong hé thong dugc cho nhu bang 1.

Bang 1. Chi tiéu d6 tin cay cla cac phan to

(ACI) va thoi gian mat dién (CID):

ACI = 3 AN, = (250x1.35) + (100x1.1) + (50x0.85) = 490

CID =Y U,N, =(250x155) + (100 2.05) + (50 2.05) = 695

Tuong tu, co thé tinh cho phu tai B va C,
két qua nhu bang 2.

Bang 2. Chi s6 d6 tin cay ciia cac diém phu tai

Phu tai B Phu tai C

(infa)| h | 0/&) [@infa)| p | (W)

buong|L1| 02 30| 06 | 02 | 30 | 06
day
chinh [L2] 0.3 [3.0| 09 | 03 | 30 | 09

L3] 01 |05 005 | 01 3.0 0.3

Puong|L4
day
nhanh |L5| 05 | 10| 05

L6 025 | 1.0 | 0.25
Tong 1.1 |186| 2.05 | 0.85 | 2.41 | 2.05

Téngoi | Xéacsuit | Sua | Thao tac |S6 lugng
suco A |chra|] DCL khach
(lan/km. a)| Uh | t/h hang
Truc 0.1 3.0
Nhanh 0.25 1.0
DS1, DS2 0.5
A 250
B 100
C 50

Doi vai diém phu tai A, tan suat sy co la:

A=x(L+L+L)+A4xL, =135 (14)

Thoi gian phuc hdi trung binh cia su ¢b

diém phu tai A la:
4
zﬂﬁ/i 1
=il = = (0.2x3.0+0.3x0.5+0.1x
A 135
x0.5+0.75x 10)_122_115 (15)

S6 1an mét dién hang nam cuia khach hang

Tinh duoc cac chi sé do tin cay khac cua
hé théng:

ACI 490
SAIFl = ———=——=1.23
>°N; 400
SAIDI = cIb @—174
SN, 400
capl =P % 4
ACI 490
ASAl = 300x8760-695 _ ) 59941, (16)
400x 8760

Vi hé théng dién nhu (hinh 2) va cac gia
thiét da cho trong qua trinh tinh toan, ta
c6: Tan sudt mat dién trung binh trong
nam cta hé théng 13 1.23 1an; Mdi 1an mét
dién 1a 1.74h; thoi gian trung binh khoi
phuc cép dién 1.42h; ti 18 c6 thé cép dién
trung binh 1a 0.999802.
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2.5. Vidu tinh toan ap dung

Str dung so @4 IEEE RBTS Bus2 (hinh 8)
lam vi du dé tién hanh phan tich tinh do
tin cdy. Bai nay chu yéu tinh toan d¢ tin
cdy cia dudng diy FI, sb lidu cua cac
diém phuy tai va duong day gia thiét nhu
bang 3 va 4, sé liéu nay duogc lay nhu
[8,9] dé so sanh két qua sau tinh todn.

26 29 3 .
ALY VAT S \25 3(;,ﬁ 31 L33 35 < 38
N 3
f y, ij 9) NO )
I T T 7
16LF‘16 LF"\T 18 LF’!SLF’1921 LP20 ‘.LPZT LP22
33KV ¢ - a
N 17 19 20 22 = ~2 2
i L 1
e I Lf12 LP13LF’14 LP15
et T RE 15| P4 1
LPB LP9 NO,/
11 DL L4 D2 03 Lo
LZJ\' I 1|_5 ) ll_e L11
ol ‘;(_ ) (@ K 3
T T I
LP1LP2 LP3 LP4 LP5 LP&  LP7

Hinh 8. So’ db hé théng phan phéi dién IEEE
RBTS 2 thanh cai

Bang 3. S6 liéu cha cac diém phu tai

biém Phu tai binh | S4 ho phu
phu tai quan (MW) tai
12,3 0.535 210
8 1.00 1
9 1.50 1
45 0.566 1
6,7 0.454 10

Bang 4. Cac tham s do tin cay
cuia cac phan tr

Ténphanta | A/lan/akm | y/h | y/h | sh
May bién ap 0.015 200 | 10
buong day 0.065 5 1

Trong bang 4, y, 1a thoi gian st dung phan
tir du phong thay thé phan tir bi su ¢d; S 1a
thoi gian trung binh thay thé phuc héi.
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Gia st su kién su ¢d cua diém phu tai
LP3, tién hanh phan tich tir trén xudng
duéi, su cb duong day L4, may bién ap
T3 va dudng day nhanh L5 chic chin giy
nén su cd diém phu tai LP3. Su ) duong
day L7 va L10 gay ra cit dao cach ly ciing
gay nén sy cb diém phu tai; khi duong
day L1 gip su cb thi dao cach ly DI bi
ngit, trong truong hop khong xem xét dén
ngudn dién du phong, cay su cb duoc lap
nhu hinh 9.

Su co phu
tar LP3

Hinh 9. So db cay sw ¢6 cua diém phu tai LP3

Gia thiét nguon dién, dao cach ly va cau chi
hoan toan dang tin cay. Chi xem xét dén
su ¢ cia may bién ap, duong day, trong
truong hop c6 cau chi, sy ¢d cua nhanh
thi khong anh huong dén diém phuy tai
khac, ti 1& su ¢ cua diém phu tai LP3 la:
Aps = (0.75x3x0.065)
+0.6x0.065+0.8x0.065+0.015 = 0.25225
Tinh toén, ta c6 thoi gian mat dién trung
binh va thoi gian mat dién trung binh
nam la:

y =13.9534; U =3.5273

Thong qua phuong phap nhu trén co thé
tim ra chi s6 do tin cdy cua cac diém phu
tai con lai, tir chi sd va sb luong khach
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hang str dung c6 thé tinh ra chi s6 d6 tin
cdy cua hé théng:

SAIFI =0.2482; SAIDI = 3.4899;
CAIDI = 14.0603; ASAI =0.999602

So sanh két qua voi két qua cua tai lidu
[9] 12 gan bang nhau, tai liéu [9] dung
phuong phép so sanh c6 xét dén cac nhan
t6 khong xac dinh anh huong dén hé
thong dé phan tich, va ap dung phuong
phap giai tich két hop phwong phap
Monte-Carlo tinh toan d¢ tin cdy ctua h¢
thong. Két qua trén chimg to tinh chinh
x4c ctia phuong phap so dd cay su cd
trong viéc phan tich do tin cay cia hé
thdng phéan phéi dién.

2.6. Thao luan

Bai bdo mo ta phuong phap ung dung cho
hé thong phan phbi dién, khi tinh toan da
dit ra mot vai gia thiét, dé thu hep pham
vi xem xét, lam don gian héa qué trinh
tinh toan: (1) Coi ngudn dién va hé thong
truyén tai 1a dang tin cay; (2) Khdng xem
xét dén gidi han cong suat; (3) Cac phan
tir (thiét bi) 1a doc 1ap; (4) Chi xem xét
dén anh huong trang thai tinh cua sy cd;
(5) Khong xem xét dén anh huong cua
cac nhan t6 khac nhu thoi tiét... chi xem
xét dén mat dién do sy cd thiét bi gay nén.
Phuong phép cdy su ¢d cho hinh anh rat
rd rang vé nguyén nhan, cach thirc xay ra
sy ¢d va hanh vi ciia hé théng anh hudng

nhu thé nao dén dd tin cay cua mot hé
thong, tr d6 co6 thé tim diém yeu trong hé
thong mot cach dé dang va chinh xac.

Han ché cua bai bao 1a chi dya trén viéc
phan tich d¢ tin cay cua hé thdng khi cac
phan tr ¢ trang thai tinh, ma khong xem
xét dén anh hudng cua hang loat phan tir
& trang thai dong nhu ngudn dién du
phong, d6 tin cdy cua hé théng (ngudn
cip, duong day truyén tai). Hién nay, ludi
dién phan phdi voi sy tham gia cta nhiéu
ngudn dién, tham gia cia cac dudng day
du phong, hay ¢ nhiéu phan tir trang thai
dong dugc st dung trong hé théng dién.
Pbi véi nhitng hé théng nay, viéc xac
dinh mé hinh toan dé tinh do tin cay cua
hé thong tir ham cau tric s& duoc gidi
thiéu trong bai viét toi.

3. KET LUAN

Phuong phap FTA dé dang sir dung va dat
két qua chinh xac cao khi nguoi xdy dung
can phai hiéu r6 hé thong. Bai bao thong
qua hé thdng phan phdi dién dién hinh
nham gi6i thiéu viéc tng dung phuong
phap cay su ¢ trang thai tinh dé tinh toan
do tin cay cua hé théng. Sau do léy so do
IEEE RBTS 2 thanh céi véi sb liéu dau
vao tuong ty tai liéu tham khao dé tinh
toan chi sd d6 tin cdy va so sanh véi két
qua cua phuong phap tinh khac, nghi¢m
ching tinh chinh xac ctia phuong phap
phan tich cay su ¢ - FTA.
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