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MO HINH HOA XAC SUAT HONG HOC
CUA CAC PUONG DAY TRUNG AP TRONG LUOI PHAN PHOI

L& Viét Anh?
TOM TAT

Bai bdo tdp trung nghién ciru, xdy dung mé hinh hong héc doi Véi cac dwong ddy trung
dp trong ludi dién phan phoi cia Viét Nam. Phuwong phdp tiép cdn dua trén viéc thong ké, xi
Iy cdce dir ligu thu dueoc tir thuc té van hanh, ¢é xir Iy dé loai b6 cdc yéu té bat thiong. Lua
chon ham mé ta phu hop Vol qua trinh gia hoa, hu hong theo thoi gian cua duong dady phdn
phai; trong bai bdo ndy da lua chon ham phédn bé Weibull do ¢é cdc dac diém phii hop. Phan
mém Matlab duoc it dung dé tinh todn céc tham sé cia phdn bé Weibull. Két qud cia nghién
citul la mét cdch tiép can phit hop dé mé hinh hod cdc hw hong cua dwong ddy phdn phoi cua
Ledi dién Viét Nam va bé thong s6 dac trieng cho cde dwong day phdn phéi do.

Tir khéa: Phdn bo Weibull, dirong day trung dp, mé hinh hong héc, cdc tham sé cua
phdn bé Weibull.

1. PAT VAN BE

Ludi phan phdi dong vai tro quan trong trong hé thong dién vi ¢6 s6 luong trang thiét
bi, chidu dai duong day 16n, truc tiép két ndi téi khach hang. Do vay hién nay cac yéu cau
vé do tin cay ngay cang duoc nang cao. Viéc danh gia chinh xac dugc dic tinh gia hoa, hu
hong cua cac trang thiét bi trén ludi dién c6 ¥ nghia quan trong trong viéc hd tro ra quyét
dinh dau tu, bao dudng. Thyc té hién nay cac cong ty dién luc hau hét chi thu thap, théng
ké, tong hop cac dir liéu sy ¢b van hanh ma chua c6 phén tich, mé hinh héa cac dit liéu nay.
Xuat phét tir yéu cau thuc té nay, nghién ctiu s& di sau vao mo hinh héa phan bd xac suit
hong hoc ddi véi ludi dién phan phdi cia Viet Nam.

Téng hop céac nghién ciru di cong bd cho thdy pham vi nghién ctiu tap trung vao cac
hudéng sau:

V6i cac nghién ctru trong nudc: hau nhu chua c¢6 cac cong bd lién quan téi danh gia
s6 lidu thong ké sy ¢ va mo hinh mé ta phi hop Véi cac s6 liéu thong ké nay.

V6i cac nghién citu & nude ngoai: tap trung theo cac hudng nhu nghién ctru lya chon
mtic ¢ phic tap ciia cac ham mo hinh héa [1] phan tich wu nhuoc diém cua cac ham phan
b khi mé ta qua trinh hong hoc [2,3] sy ¢ ngau nhién [4,5,6] nghién ctiru phuong phap dé
tinh toan tham sb ctia cac ham phan b6 dua trén s6 liéu théng ké hoic s liéu gia thiét [7,8,9].
Céc két qua nghién ctru da cho thiy ham phan bd Weibull duoc sir dung pho bién va phu
hop khi mé hinh héa qua trinh hong hoc ngau nhién cta ludi dién.
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Dua trén céac két qua caa cac nghién ciru di co, bai bao sé di theo hudng phan tich, lya
chon va 4p dung mé hinh phan bd xéac suit phu hop nhit voi diéu kién luéi dién Viét Nam.
Pong gop ctia nghién ciru s& 14 viée tinh toan duoc bo thong sé dic trung cho cac dudng day
phan phdi.

Pham vi nghién ctru s€ tap trung vao cac duong day trung ap 35kV & 22kV do han
ché vé s6 liéu thong ké thu thap duoc. Tuy nhién hoan toan c6 thé mé rong ap dung cho cac
duong day, trang thiét bj khac trong tuong lai.

Két qua nghién ctru mang y nghia dong gop ban dau vé cach tiép can va phuong phap
luan, tir d6 co thé 13 co s& dé dé xuit cac thay doi trong cong tac thu thap, quan 1y dit liéu
van hanh va 13 co so tham chiéu cho céc nghién ctu tiép theo.

Trong cac phﬁn tiép theo s& trinh bay cac ndi dung: Giai thiéu vé mé hinh db tin cay,
tong quat vé ham phan bé Weibull va cac tham sb theo kém, 1y do lya chon ham phan bd
Weibull @& mé hinh ho4, thu thap va xur ly dir liéu, xac dinh ham Weibull phu hgp véi cac
dudng day phan phdi Viét Nam, tinh toan mot s thong sé lién quan téi két qua tinh duoc
va cudi cung 1a phan két luan.

2. PHUONG PHAP MO HINH HOA QUA TRINH HONG HOC DUA TREN PHAN
BO WEIBULL

2.1. M6 hinh d9 tin cay

Tan suat xay ra sy ¢6 cua thiét bj noi chung 13 mét ham cua thoi gian va sy tién trién
ctia nd thuong dugc biéu dién bang duong cong bon tam nhur Hinh 1. Puong cong nay chia
ra 1am 3 ving: Ving chay ra, van hanh 6n dinh va hao mon gia ting. Giai doan chay ra la
khoang thoi gian trong mot hodc nhiing ndm dau cia qua trinh van hanh, su ¢ xay ra nhiéu
trong giai doan nay chu yéu do 13i trong qua trinh san xuat ma di khéng dugc phat hién khi
Kiém tra san pham, cudng d6 hong hoc cua giai doan nay c6 thé cao. Giai doan van hanh 6n
dinh 12 khi cac chi tiét d3 hoat dong tron tru, dung theo dic tinh k¥ thuat; trong khoang thoi
gian nay thiét bi co cudng d6 hong hoc cé thé coi nhu khong doi. Giai doan hu hong 14 thoi
Ky cac chi tiét cia may moc xubng cap & cudi vong doi, thé hién qua su ting 1én ciia cudng
d6 hong hoc theo thoi gian.

= A
=<
‘O
=

en
3
=
‘('8.

20 |Chay rai { Hao mon manh
B[ ereeoe {furessessesernnans >
o iHoat dong on dinh;

>
Thoi gian (t)

Hinh 1. M6 hinh dwong cong bon tim dung trong dd tin cay



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 56.2021

2.2. Tong quat vé ham phan bd Weibull va cic tham s theo kém

Mot sb nghién ctru da chiig minh, sy hu hdng ctia mot thiét bi chi tuan theo mot sb
ham phan bd x4c dinh vi thé viéc nghién ctru cac ham d6 cung véi cac yéu 6 lién quan dén
n6 c6 y nghia rat quan trong. Ham phan b Weibull c¢6 cong thirc toan hoc dugc thé hién
nhu sau trong d6 a, b 1an luot 12 hé s6 ty 1& va hé s6 hinh dang {t,a,b}>0. Theo Baron (1988),
IEC 61649 (2008) va Dorin Sarchiz da tong két vé ham phan b Weibull dang 2 tham s6 &
[71,[8], [9] s& duoc ap dung dé tinh toan trong bai bao theo cong thirc:

Ham mat do xac suat voi ham Weibull kiéu hai tham sb ¢6 dang:

b 1
f(t) = <5> th-1e7at" 1)
dé thuan tien se ky higu: a ==va B =b
Ham d¢ phan bb tich lily c6 dang: F(t) = 1 — e~ (2)
Ham do tin cay ciia phan bé c6 dang: R(t) = et 3)

Hinh dang ham Weibull phu thugc vao hai hé s6 1a «, 8 ngoai ra con sir dung mé hinh
ham phan b Weibull véi 3 tham s6, trong d6 thém mot hé s6 nita dé thé hién thoi gian bat
dau xem xét, thong thudng trong cac tinh toan coi thoi gian bit dau 1a t = 0 nén khong can
phai xét t6i ham loai c6 3 hé sd.

Hinh 2. M6 hinh ham phén b6 Weibull véi 2 tham sb

C6 thé thay:

Khi B < 1: sir dung khi mé hinh héa cac thiét bi c6 cudng d6 hong hoc giam theo thoi
gian (twong (ng Véi giai doan dau cta dudong cong “bon tim” cudng do hong hoc);

Khi p= 1 dung trong truong hop cudng do hong hoc 1a khdéng doi trong qua trinh st dung.

Khi > 1: cudng do xay ra sy ¢d ting theo thoi gian, twong (g véi giai doan hao
mon co khi, dién hoa cua thiét bi ting lén.

Hé s hinh dang B trong mét s6 tinh toan c6 gia tri Ion c6 thé gay lo lang vé do chinh
xac cua két qua. Gia tri f mé ta cudng do su ¢d bién doi theo thoi gian nhu thé nao, n6i mot
cach khac hé sb hinh dang f twong quan voi mic do bién doi cua dir lidu. Gia tri £ 16n co
nghia dir lidu it bién d6i, nghia 14 c6 thé doan duoc twong ddi chinh xac thoi gian thiét bi s&
hu hong, tang hiéu qua cua cac chuong trinh bao dudng phong ngura.

Gia tri hé s6 ty 18 a thay doi c6 anh huong dén ham phan b xac suat cua sy ¢6. Tang
gia tri hé s ty Ié o trong khi gitt nguyén hé s6 hinh dang /8 s& co tac dung kéo dan db thi
ham phan bd. Do dién tich d thi gigi han béi ham mat d6 xac sudt va truc hoanh khong doi
nén gia tri dinh s& c6 xu hudng giam theo sy giam cua hé sé ty I¢.
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2.3. Ly do diung ham phan b6 Weibull dé mé hinh héa

Nhu da trinh bay & bén trén ham phan bd Weibull ¢6 thé dugc dung dé mé hinh hoa
ca 3 giai doan cua dudng cong bdn tim (tuy nhién chu yéu duoc ding trong giai doan chay
ra). Chua c6 quy ludt nao cho viéc lya chon ndy, nguyén nhan chii yéu dé dang phan bd nay
duogc lya chon 1a do xem ham phén bd nao khép nhat vai dit liéu. Trén co s& ddy thi ham
phan bd Weibull théa man cac yéu cau duoc chon c6 thé mé hinh hoa dwgc qua trinh hong
hoc cuia cac thiét bi. Mt khac cac thiét bi dién trén ludi phan phdi c6 qua trinh hu hong gan
nhu gidng da s6 cac thiét bi dung dudng cong bon tim dé mé hinh hoa qué trinh hong héc.
Vi do cac nguyén nhan trén nén bai bao lya chon ham phan bd Weibull trong s6 cac ham
phan bd dé mo hinh hoa qué trinh hong hoc cac thiét bi trén ludi phan phdi.

2.4. Thu thap va xir Iy dir ligu

Dé thyc hién nghién ciu V& viée xay dung mé hinh hoa xac suit sy ¢b cua cac duong
day ludi phan phéi theo phan bd Weibull can thu thap va xt 1y s6 liéu. S6 liéu dwoc thdng
ké trong bai bao nay dugc thu thap tir thuc té & mot s6 cong ty dién luc mién bac Viét Nam
trong vai nam (2017-2018), tuy nhién do quy dinh ctia cong ty nén da bo cac thong tin chi
tiét lién quan toi ma hiéu duong day. Sau khi thu thap dugc co sé dit liéu tir cac cong ty, do
mdi cong ty lai c6 mot bo dit liéu riéng nén can xu 1y va chuan hoa. Tir d6 thu duoc cac bang
thong ké dit liéu dugc liét ké bén dudi, véi:

ti: thoi diém xay ra su cé c6 dan dén mét dién va sau d6 co sta chira, thay thé dé céap
dién tro lai (don vi tinh: ngay)

tri: thoi gian thuc hién thao tac stra chita dé cp dién tro lai (don vi tinh: phit)

Trong d6 2 dudng day cap dién ap 35 kV va 22 kV dugc ding trong tinh toan duoc
thé hién bén dudi. Ngoai ra con mot sé duong day khac ding cho viée tinh toan tuy nhién
do khuon khé cua bai bao nén s& duoc trinh bay ¢ trong phan phu luc theo kém.
Duong ddy cap 35kV
DPuong day 1

STT 1 2 3 4 5 6 7 8 9
ti(ngay) | 60 66 85 89 | 135 | 166 | 212 | 259 | 336
tri (phat) | 15 | 190 | 52 54 | 100 | 35 | 154 | 128 | 70

DPuong dady cap 22kV
Puong day 1

STT 1 2 3 4 5 6 7 8 9

t(ngdy) | 11 | 21 | 66 | 90 | 111 | 151 | 153 | 155 | 170
tri(phat) | 10 | 7 | 10 | 49 | 26 | 60 | 41 | 91 | 44

STT 10 11 12 13 14 15 16 17 18
ti(ngay)| 179 | 189 | 196 | 198 | 207 | 212 | 212 | 213 | 235
tri (phat)] 10 23 7 19 14 65 34 12 | 63
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STT 19 20| 21| 22 23] 24| 25| 26| 27
t (ngdy) | 247 | 250 | 251 | 253 | 254 | 272| 276| 284 361
tr(phtt) | 28 | 29 | 13 | 12 | 8 | 12| 20 | 20| 50

2.5. Xac dinh ham Weibull phu hop cho cac dwdong day phéan phéi caa Viét Nam

C6 nhiéu phuong phap c6 thé hd tro dé xdy dung duge ham Weibull tir cac dir liéu
thdng ké vé& su cb. Trong phan mém Matlab di c¢6 sdn ham “wblfit” trong bd cong cu
Statistics Toolbox Matlab cho phép tim ra ham Weibull phit hop nhat véi dit liéu da co.

Vé6i mot bo dit liéu da co, can tim hai tham s6 13 o va B cia ham mat d6 x4c sudt, tir
d6 ¢6 thé xac dinh duoc ham do tin cay tich liiy R(t) = e~*",

Céu tric cdu 1énh trong Matlab c6 dang:

[parmhat,parmci]=wblfit (t)

parmhat (1); parmhat (2);

Vi bo s t chinh 1a cac thoi diém xay ra su ¢6 ti (tinh theo ngay). Gia tri tra vé 1a hai
tham s6 { parmhat (1); parmhat (2)} twong tng Vi cap gia tri {a, b} ciia ham mat d6 xac
suat f(t); tuy nhién do da gia thiét a = ivé B = b nén két qua tinh toan dugc s& la:

1 1
g=-=—"

a parmhat (1)
B = b = parmhat (2)

3. KET QUA THU PUGQC

Tir bang thdng ké vé su ¢b dbi voi cac dudng day 22kV va 35kV da dugce trinh bay
trong muc 2.4, 4p dung ham“wblfit” trong by cong cu Statistics Toolbox cua Matlab cho bo
co so dit liéu da qua xir Iy sé& tinh duoc cu thé cac hé s6 ty 16 o va hé s6 hinh dang va B theo
bang thdng ké bén dudi:

Bang 1. Thong ké cac hé s6 ty 1é va hé so6 hinh dang theo
phan bé Weibull cho cic dwong day cap 35 kV

I

He 8 1 2 3 4 5 6 7 8
a 0.0056 | 0.0053 | 0.0046 | 0.0121 | 0.0023 | 0.0027 | 0.006 | 0.0023
Jij 1.8581 | 2.9755 | 2.6595 | 1.3505 | 3.7369 | 2.3033 | 1.2494 | 3.4059

Biang 2. Thong ké cac hé s6 ty 1é va hé sb hinh dang theo
phan bé Weibull cho cic dwong day cip 22 kV
|

He 8 1 2 3 4 5 6 7 8 9
a 0.0047 |0.0051 | 0.0056 | 0.0083 | 0.0042 | 0.0035 |0.0019(0.0022| 0.0024
Jij 2.4657 |1.9716 | 1.6006 | 1.5346 | 4.3299 | 1.5652 |2.3177| 2.235 | 2.9468

Tur cac gia tri ¢, fthu duoc ta s€ c6 dugc ham d9 tin cay cua tirng duong day phan
phdi c6 cip dién ap khac nhau (22kV, 35kV) ciing nhu cac chi tiéu do tin cay.
Céng thirc x4c dinh ham db tin cay: R(t) = e~otf (4)
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Viéc xac dinh cac chi tiéu do tin cay s€ gitip chung ta phan tich va danh gia dugc nhiing
murc d6 an toan trong Viéc van hanh cac duong day trén ludi phan phdi. Cac duong day phan
phdi dang xét duge danh gia vé kha niang phuc hdi sau hong hoc thong qua cac hoat dong sira
chira, bao dudng, sau d6 né sé tiép tuc van hanh cho dén 1an gap hong hoc tiép theo.

Su tién trién trong thoi gian trong phan tir nhu vay 1a mot chudi thoi gian van hanh ts
=ti — ti.1 (Khoang thoi gian giita thoi diém gap hong hoc ¢ 1an thir (i-1) va thoi diém gap
hong hoc & 1an thir i) va thoi gian stra chiva tri. Vi gia tri tq va tri ta da xac dinh trudce ta s&
tim dugc cac chi tiéu do tin cay theo cong thurc cia Dub (2008) [10]

a.MTBF- thoi gian trung binh giita cdc lan s ¢o:

D=1 bi
MTBF = ———
n ®)
Véi n 14 s6 lan lay mau ngiau nhién
b. A - Cuong do hong hoc
1
A=
MTBF (6)

Sau khi tinh toan ta thu dugc bang théng ké thoi gian trung binh gitra cac 1an su ¢b
MTBEF va cudng do hong hoc A tng véi timg duong ddy c6 cp dién ap khac nhau.
Bing 3. Thong ké thoi gian trung binh giira cac 1an sy c6 MTBF
va cwdong do héng héc A cho cac dwong day cap 35 kV

Chi Ldu 1 2 3 4 5 6 7 8

MTBF 345 21.6 16 |22.7143] 61 57.125]52.4286| 84.2
A 0.0289| 0.0463 | 0.0625| 0.044 | 0.0164 | 0.0175| 0.0191| 0.0119

Bang 4. Thong ké thoi gian trung binh giira cac 1an su c6 MTBF
va cuong d9 héng héc A cho cac dwong diy cap 22 kV

I
Chi 63 1 2 3 4 5 6 7 8
MTBF 13.46 445 22.57 314 31.17 49 53.636 | 24.783
A 0.0743 | 0.0225 | 0.0443 | 0.0319 | 0.0321 | 0.0204 | 0.0186 | 0.0404
C.MTTR thoi gian swa chita trung binh
T‘_ tr:
MTTR = 22221 7
=1 (7
d.u Tan sudt siza chira
1
- 8
H=MTTR ®)

Sau khi tinh toan ta thu duoc bang thong ké thoi gian sira chita trung binh MTTR va
tan suét sira chira p (g voi timg duong day c6 cap dién ap khac nhau.

10
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Bang 5. Thong ké thoi gian sira chira trung binh MTTR va tan suit sira chira p
cho cac dwong day cip 35 kV

[
Chi 3 1 2 3 4 5 6 7 8
MTTR | 1.6625| 2.68 | 2.9511| 1.0595| 1.2889| 1.95 1.6 | 1.1467
1 0.6015 | 0.3731| 0.3389 | 0.9438| 0.7759| 0.5128 | 0.625 | 0.8721
Bang 6. Thong ké thoi gian sira chira trung binh MTTR
va tan suit sira chira p cho cac dwong diy cap 22 kV
|
Chi 3 1 2 3 4 5 6 7 8 9
MTTR |0.4981| 67.544| 0.5464 |0.6567| 1.4889|1.8621 0.5803 | 0.5899 | 7.7375
1 2.008 | 0.0148| 1.83 |1.5228 0.6716| 0.537| 1.7232| 1.6953 | 0.1292

e.Véi truong hop trang thdi 6n dinh cdc chi tiéu xdc sudt P va Q dige xdc dinh

P- X4c suat tt

u

P=Gm ©)
. A X _ 4
Q- Xéc suat sy o Q= G (10)

Sau khi tinh toan ta thu duoc bang théng ké xac suat tot P va xac suét su cd Q tng Vi
ting duong ddy c6 cip dién ap khac nhau.

Bang 7. Théng ké xac suit tét P va xac suit sw cd Q cho cac dwdng day cip 35 kV

I
Chi tion 1 2 3 4 5 6 7 8
P 0.954 | 0.8896 | 0.8443| 0.9554 | 0.9793| 0.967 | 0.9704 | 0.9866
Q 0.0459| 0.1104| 0.1557 | 0.0446 | 0.0207| 0.033 | 0.0296 | 0.0134
Biang 8. Théng ké x4c suit tot P va xac suit sw ¢d Q cho cac dwdng day cip 22 kV
I
Chi 63y 1 2 3 4 5 6 7 8 9
P 0.9643 | 0.3972| 0.9764|0.9795|0.9544| 0.9634| 0.9893| 0.9768| 0.9282
Q 0.0357 | 0.6028| 0.0236|0.0205|0.0456| 0.0366| 0.0107| 0.0232| 0.0718

Tir két qua tinh todn nghién ctru da thong ké duoc xac dinh céc chi tidu do tin cay s&
gitp chung ta phan tich va danh gia dugc nhitng mirc d6 an toan trong viéc van hanh cac
duong ddy trén ludi phan phdi. Cac duong day phan phdi dang xét dugc danh gia vé kha
nang phuc hdi sau hong hoc thong qua cac hoat dong stra chira, bao dudng, sau d6 né sé tiép
tuc van hanh cho dén lan gap hong hoc tiép theo. Ngoai ra véi viée tinh toan duge cac tham
s6 vé thoi gian trung binh giira cac 1an sy ¢d, thoi gian sira chita trung binh, tan suét sira
chita cho cac duong day cap 22 kV va 35 kV s& tao diéu kién tién dé cho cac nghién cau
cling nhu nhiing tinh toan tiép theo vé d¢ tin cay cua hé thong trong tuong lai.

11
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4. KET LUAN VA HUONG PHAT TRIEN

Trong bai bdo nay, ching t6i da nghién ctru mé hinh héa qua trinh héng hoc cua céac
phan tir cia mot s6 duong day trén ludi phan phdi. Bang cach ap dung phan mém matlab dé
xdy dyng mé hinh cac ham xac suét lién quan téi xac suat xuat hién su ¢6, ham do tin cay
theo phan b Weibull ciing xac dinh cac thong s cua chung duwa trén co s dit liéu thyc té
thu thap dugc. Chung t6i két luan rang cong cu lap trinh trén da duoc kiém nghiém va thé
hién tinh hiéu qua cao, c6 thé sir dung cho nhitng nghién ctu tiép theo. Cu thé cac két qua
nay 1a tién d& cho cc nghién ctru khac lién quan téi do tin cdy, bai toan toi wu bao dudng,
thay thé, dy phong thiét bi va bai toan qui hoach van hanh lu6i dién phan phdi. Cac nghién
ctru tiép theo c6 thé bao gdm x4y dung ham lién hé giita cac thong s6 ciia phan bd Weibull
cia cac dudng day cu thé ciing nhu ¢6 thé xét mdi quan hé giita cac thong s6 nay véi chiéu
dai cua cac duong ddy twong wng. Mic du voi hudng tiép can van dé nghién ciru nhu trén
da thu dugc mot s6 két qua dang ghi nhan nhung dé tong quat hoa duoc van dé can thu thap
nhiéu di liéu su ¢ cua cac cong ty dién lyc khac.
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MODELLING FAILURE RATE OF THE MEDIUM VOLTAGE
OVERHEAD LINES IN DISTRIBUTION GRID

Le Viet Anh
ABSTRACT

This paper is to analyse and find out a suitable statistical model for modelling failures
of medium voltage overhead lines in Vietnam grid. Practical operation data is collected
and filtered out in order to support modelling process. The Weibull distribution function is
selected to study the rates occurrences of the grid failures with aging. Matlab software is
utilized in all calculations for parameters of Weibull distribution. The result of the study is
an appropriate approach for modelling failures of Vietnam’s distribution overhead lines
and typical parameters for common distribution lines.

Keywords: Weibull distribution, medium voltage overhead line, modelling failure,
parameters of Weibull distribution.
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